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Abstract:

A detailed study of an 88-square-mile area along the southern margin of the Gallatin Valley where late
Miocene tuffaceous sediments rest with sinuous unconformable contact on Precambrian metamorphic
rocks and Paleozoic strata indicates that structural features control the present configuration of the
south margin of the valley. However, much of the evidence pertinent to the Cenozoic history of the
area is either indirect or so sparse as to be only suggestive. The sinuous contact, which would suggest
sediments partly filled the present valley rather than that structure controlled the valley margin, is the
result of a partially exhumed pre-late Miocene paleotopography which displays 2,500 feet of relief and
eastward paleodrainage subparallel to Laramide structural trends. Total exhumation of the pre-late
Miocene paleo-topography apparently would yield mountainous topography with 3,500 or more feet of
relief. Some of the old topographic high areas have broad summits which may be remnants of a
pre-middle Eocene subvolcanic erosion surface stripped of Early Tertiary and/or late Miocene rock.
Only locally has the erosion associated with the exhumation of the late Miocene strata modified the
paleotopographic surface.

Bedrock geology is similar to that of the Gallatin, Madison, and Beartooth ranges and consists of
northwesterly Laramide high angle faults which place Paleozoic rocks against Precambrian rocks.
Early Tertiary basic volcanic rocks (Early Basic Breccia equivalents) occur as two isolated remnants
with positions relative to equivalent rocks in the Gallatin Range suggestive of at least 2,400 feet of
relative structural
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ABSTRACT

A detailed study of an 88-square-mile area along the southern
margin of the Gallatin Valley where iate Miocene tuffaceous sediments
rest with sinuous unconformable contact on Precambrign metamorphic rocks
and Paleozoic . strata indicates that structural features control the
present configuration éf the south margin of the valley. However, much
of thé evidence pertinent to.tﬁe Cenozoic history of the area is either
indirect or so.sparse as to be only suggestive. The éinuous contact,
which would suggest sediments partly filled the present valley rather
than that structure controlled the valley margin, is the result of a
partially exhumed pre-late Miocéne paleotopography which displays 2,500
feet  of relief and eastward paleodrainage subparalleltto Laramide
structural trends. 'To£al exhumation of the pre-late Miocene paleo-
topography aﬁparently WOuld-yield mountainous gopography with 3,500 or
Amore feet of relief. Some of the old topoéraphic ﬁigh'areas have broad
summi£s which.may be remnants of a pre-middle Eocere subvolcanic erosion
surface stripped of Early Tertiary and/or late Miocene rock. 'Only
locally has.the erosion associated with the exhumation of the late
Miocene stfata modified the paleotopographic surface.

Bedrock geology is similar to that of the Gallatin, Madison, and
Beartooth ranges and consists of northwésterly Laramide high angle faults
whichiplaée Paleozoic rocks against Precambrian rocks. Early Tertiary
basic volcanic rocks (Early Basic Breccia equivalents) occur as two
isolated remnants with positions relative to equivalent rocks in the

Gallatin Range suggestive of at least 2,400 feet of relatiye.stfuctural
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depression of the margin of the Gallatin Valley since late early Eocene.
Apparently the majority of this movement has occurred along the north-
east-trending Gallatin Range Front Fault; heretofore unmentioned in
geologic investigations. Late Miocene and/or later faul£ movements
have occurred'along some pré—existing north and northeast Precémbrian
structural trends and northwesterly Laramide structural trends. Post-
early_Eocéne to pre—léte Miocene movément along one Laramide fgult may
have also occurred.

Pardee describgs a high,low~relief surface formed on bedrock in the
map area as a remnant of a "Late Tertiary Penéplain". The disfribution
and composition of.adjacent Pleistocene (?) pediment gravels indicate the
surface is more likely a pre—léte early Eocene erosion surface étripped
of the 1as£ of its vélcanic'cover during the Pleistocene.

Lithologiq‘distributioﬁ and structure near the mouth of the West
Gallatin River canyon indicate that the position of the north flowing
river is the result of superposition on late Miocene or younger strata
" over the prgsently incised bedrock areas. Valley margin structural re-
lationships also sugéest that antecedence may have played an imﬁéftant>
part in the ﬁormation df the Wes£ Gallatin River éanyon.

Flanking the West Gallatin River are terraces and pediments de-
veloped on. the semi—consoiidatéd late Miocene strata. These:features
are believed to be Pleistocene in ége, and are tentatively aséigned
t6 the Buffalo, Bull.Lake, and Pinedale étéges of glaciation._vThe:in—
creasingiythigher gradients of the succeésively older terraces ‘suggest
the‘possigility of gradual valley mérgin warping throughout the Pleisto-

cene and perhéps up to thé present.




GEOLOGY OF A PART OF .THE SOUTHERN
MARGIN OF THE GALLATIN VALLEY,
SOUTHWEST MONTANA :
INTRODUCTION
This paper is the result of detailed geologic mapping of a portion

of the southern margin of the Gallatin Valley. It was undertaken as a

thesis project in partial fulfillment of the requirements for the Master

of Science Degree in Applied Science, with a major in geology at Montana

State College. Field ﬁprk was done au;ing the summer of 1961 and at in-
tervals thereafter to thé spring of 1963. |

The objective of fhé_study was to map in detail the geology of the
area, with particulér emphasis on geémorphic and structural feature; and
distribution of Cenozoic.deposits, in the hope that a more detailed know-
ledge of the Cenozoig history of the Gallatin Valley Qould become apparent.
At the Fime the study was initigted, two general hypotheses for the
origin of the intermonténe‘vailéy had ‘been proposed, but convincing proof
for either hypothesis was not apparent from the, literature on the éubject.
One hypothesis'advgnces the idea of erosional vélleys subsequently
filled with basin sediments; the other advances the hypothesis that the
valleys are the product of structurai movements after the Tertiarf'sedi—
ments were deposiﬁed. Some‘geélogists favor combin;tions of the two
processesl. None of thefhfpotheses-haﬁe been.prﬁvea to the complete'satis—'
faction of all. . |

The aréa%mépped in this study has been the subject of part of other
geologic ;tudiés?:sqﬁetimes specialiied in their objectives, and has no?
been givén the detailed quéragé necessqu to discover many of the re-

lationships which might have afbearing on the Cenozoic history. Choice
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of the area was détermined‘iq part by the known exposures of bed-
rock geology, abundant features undescribéd in previous works,
accessibility, and the suggestion of the Deﬁartment of Earth Sciences
staff at Montana State College.

Previous Investigators

The éarliest geologic observatiops in the general region Qere made
by Hayden (1861, 1884). The first extensive geologic mapping was by
Peale, (1893, 1896). His study of the Three Forks quadrangle was of
a reconnaissaﬁce nature Eut was remarkably accurate in the gross features.

Interest in corundum-bearing rocks in the map area and adjacent.
areas has prompted a number.of publié;tioﬁs. Included are Heinrich (1950),
Reed (1951), Clabaugh and Armstrong (1951), Clabaugh (1952), and Fester
(1962). Detailed studies of Precambrian rocks in areas near the map
area have been conducted by Reid (1957, 1963) McThenia (1960), and Kozak
(1961). Douglass (1899, 1903, 1909) described vertebrate remains iﬁ
Tertiary strata of western Montana, somé of which were collected nearby.
Later4significant work in this field hés been done by Woed (1935, 1938),
Wood and others (1941), Schultz and Falkenbach (1940, 1941, 1949) and
Dorr (1956).

Various regional studies which include the map area have been made
by Fix (1940), Pardee (1950), Alden (1953), Hackett, and others (1960),
Robinson (1961 b), and McMannis (1962).

Unpublished data collected by W; J. McMannis, John de la Montagné,

and R. A. Chadwick has been made available to the writer and has aided
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considerably in many interpretations of relationships between features

. in the map area and those of surrounding areas.
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GEOGRAPHY

Location

The map area, occupying approximately 88 square miles,'lies on the
southwestern margin of the Gallatin Valley, and includes part of the
valley proper and some topogtaphicelly higher and rougher terrain. The
Gallatianalley is in southwest Montane, with the map area lying between.
the 111° 10' and 111° 25' meridians and the 45° 30' and 45° 40° parallels.
The senthern part of the map area essentially comprises foothills of the
Madison Range, or Gallatin-Madison kange, perhaps a preferable term due
te the structutal contiguit&“ot the two ranges. ihe small town of
Gallatin Gateway lies within the aree, and the town of Bozeman is.approxi—

mately eight miles east of the northeast corner of the map area.




Topography

Eleﬁétion of the land varies from 4,600 feet on the northeast
margin near the West Gallatin River, to greater than 7,200 feet on the
south margin at the Salesville triangulation markgr. The general iand—
form of the area is one of law, rolling plains in the north and éradually
increasing elevations southward toward the foothills of the Spénish
Breaks, Wheré the terrain becomes mountainous. Along the eastern margin
of the areé, floodplain terraces produce more or less continuous smooth
surfaces. Localiy throughout much of the map area, broken terrain occurs

where small streams are incised.

Climate

The average precipitation in the area is not known exactly, but
according to measurements made in 1952 (Hﬁckett, and others, 1960, p. 18)
the precipitation varies from less than 15 inches per year in the northern
part of the map area, te greater than 20 inches in the Spanish Breaks on
the south margin. Up to 3 inches per month fall in the spring months,
and the rest of the year averages slighily less than 1 inch per montﬁ.
lThe daily and seasonal fluctuations in temperature range widely, which‘
is fypical of most of the higher areas of the Rocky Mountains. The
aﬁerage temperature ih the area is probably slightly less than 40° F.,
based on comparison with the town of‘Bozeman, which has an average of
42° F. and extreme temperatures range frdm above 110° F. to below -50° F.
Snow depth in mest of the map area during the winter months rarely ex-
ceeds more than t&o feet for prolonged perieds of time. The best means

of access for geologic field work are by four-wheel-drive vehidle or
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by horse &uring.the~summer months.,’

. T.and Economics . .

Most -of the map area at present is in agricultural use,.either as
férm:land or pasture. Areas:of low-relief and goed soil coever are
utilized in dryland grain production or, with the aid of irrigation,
in alfalfa or other hay crops. Mest of the high areas and areas of
broken terrain are used .as grazing/land for beef cattle, Except for
minor amounts of federal land, most of the northern part-of the area
is.owned by farmeré'and ranchers, and the:southern part by two large
livestock companies.

At the present time. there is no economic development of mineral
deposits. In the-past, corundum of industrial gquality was mined, but
-synthetic ‘abrasives have-ﬁade,these-deposits.uneconomicalg Possible
-economic materials. include Flathead sandstone for building stone, some
local areas of Precambrian gneiss in-which freshness of the .rock would
permit usage: for building 'stene, extensive deposits-of alluvial gravels
for ‘road beds and concrete - aggregates, and‘Paleoéoic carbonates for
Portland cement manufacture.

Vegetation

Vegetation of the.map area-Where_undisturﬁed~by'man consists -of
‘evergreen timbered areas on.the Higher nerthern exposures, sagebrush and
grass on other high exposures, and Variqus-deﬁiduouS‘shrubs and trees
along .drainages and on -well-watered soil. Grasses and occasional juniper
shrubs occupy the lower and drier, unceultivated .areas. For a more compre-
hensive .description of plant-types and 'distribution, the reader is referred.

by DeYoung and Smith (1936).
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STRATIGRAPHY

Precambrian

About one-half of the map area is occupied by high grade metamor-
phic rocks very similar to those termed Pény gneiss in %djacent areas.
This mefamorphic complex consists generally of the following rock
types: .gneiss, schist, amphibdlite, and metaquartzite, listed in
order of abundance. Detailed studies in adjacent dreas have indicated
that the roéks are a product of a number of stages of high grade and
at least one stage Of rétrograde metamorphism. Invadjacent areas determi—
nations on radiogenic minerals indicéte ages which range from 3.1 billion
years to less than 2 billion years ( R. R. Reid, personél communication,
1963). Most authorities believe that the rocks were originally a thick
-sedimentary seqﬁence that was metamorphosed and intruded by igneous
magmas, and subsequently underwent additional phases of metamorphism.

In the map area most of the surface exposures of the metamorphic
rock are deeply Wéathered, geﬁerally displaying scattered outcrops of
more resistant foelia aﬁd intervening-areaé covered by varying thicknesses
of gruss and soil. Typically, metaquartzites, amphibolites, and massive
gneisses form most of the resiétant outcrops. Only in sharp and relatively:
recent stream incisions are exposures continuous. '
Compositional layering is genefally well deve}oped, Qith schistosity
* commonly parallel to compositional layering over wide areas. Locally
the féliation reverse; itseif, forming large isoclinal folds with ampli-
tudes ranging uﬁ to miles in 1quth. in tﬁe gnestal part‘of'these folds

schistosity generally crosgses-the combositioﬁal layering. Atpitude of
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compositional layefing was mapped in this study, but upon analysis
of structures it became appareﬁ£ that the schistosity may be critical
in recognizing faulté-which displace on}y meéamorphic rocks. The
crestal parts of isoclinal folds, unless well enough exposéd to be
recognized as_sﬁch, can preafe the‘illusion of post-metamorphic de-
formation if the relationships ef schistosity afe not kﬁown.

The outcrops of two unusual lithologies Plus the similarity of

lithologic sequences throughout most of the map area suggest that the

——

~ very thick metamorphic complex may be repeated by displaéements along

northwesterly trending faults. The two lithologic types, a corundum

- K

rich zone and a siliceous magnetite laygr, each occur in two localities
on opposite sides of northwest-trending faults. The magnetite layer

is exposed in sec. 26, T. 2 S., R. 3 E. and sec. 3, T. 3 S., R. 3 E.,

on opposite sides of Camp Creekjand Salesville Faults. If the unusual

. y s .
lithologies are unique, similar thick sequences are exposed in the
northern and éou;hern parts‘of the map area. . .

The mineral assemblaggs of the metamorphic rocks support Reid's
(1963) interpretation of a number éf phases of metamorphigm. Minerals
characteristic of high to low grade metamorphism are present. In two
parts of the map area, the qortheastern and southéastern exposures of
metamorphic rocks, the rock types differ from those of the rest of the
map area in that there is more massive gneiss present and in having a
higher percentage -of migmatite veins and less conétant attitudes. Else-

where in the map area 'layering is fairly constant and includes alter-

nating zones of the following rock types: ., gneiss-schist-amphibolite,

[N

i




gneiss—metaquaftzite, and gneiss—metaquaptzite¥amphibolite. In these’
sequences the compositional layers range ffom‘a few inches to more than
10 feet in thickﬁess, commonly being about 2 to 4 feet thick,

For more detailed lithologic and petrographic descriptions of
similar rocks; the reader is referred to the works mentioned under

previous investigations.

Paleozoic

Paleozoic sedimentary strata are preserved primarily in down-
faulted and small synclines in the southern half of the map area.
Formations as young as Mississippian afe exposed, but the majority of
the exposures consist of Cambrian and Devonian rocks; Although some
of-the formations are fairly well exposed, no detailed stratigraphic

studies were made. A brief description of the rock units follows:’

Middle Cambrian: The Flathead Quartzite, resting unconformably on

the Precambrian metamorphic complef;lconsists of three general zones
of differing lithologies. The basal unit conmsists of alternating
maroon and white medium—\to coarse—-grained quartz sandstone and ortho-
quartzite, in placés containing thin granule to pebble conglomeratic
lenses and“crossubedding: The'middle unit consists of red to maroon
beds of medium— to coarse-grained, cross-bedded orthoquartzite. The
upper unit is glauconitic and somewhat shaly, and'grades into the
overlying Wolsey shale. Total thickness, as determined By map distri—

bution, appears to vary from area to area, but probably dees not exceed

200 feet. In most of the mép area the depositional contact with the
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‘ments, the contact is quite angular.

9

. . , et
underlying metamorphic rocks is subparallel to foliation. Locally,

due to pre-Middle Cambrian and post-metamorphism structural move-

E -

N\

The Wolsey Shale is poorly exposed in the map area, with one
N B - 1

exception near the mouth of the West Gallatin River Canyon in sec. 32,

T. 4 S., R. 4 E. There greenish micaceous shale and siltstone are

- v .

- - i
exposed and contain numerous worm trails. The estimated thickness is
. - Vo ey ’ '
as much as 250 feet in places, but accurate formational boundaries are~”
usually impossible to obtain due to dip slope -exposures and extensive

cover.

iying directly above and in gradational contact with the Wolsey ~

~

shale is the Meagh?r Liméstoqe which typically fo;ms hogbacgs and
ledges. 1In the Bridger Range the Meagher has been divided into three
unitéE a lower thin—bedded denéé gray limeslone with intercalated ;
greenish shale, a middle unit of resistané thin-bedded da?k gréy fing—

o — an

graiﬁed limestone, and an uppér unit of interbgdded shale and fine-
g?éined 1imé;tone (McMannis, 1955, p..1393). In the map area only the
lowe; two units are extensively exposgd. The upper unit, if developed

in the map area, is on aip slope exposures and is commonly covereq by
rubble froﬁ the underlying unit. On Ruby Mountain thé ledge-forming

unit is approximaﬁely I50 feet thick and-isﬂabfuptly overlain b§ what

is assumed to'be the Park Shale interval (almost entirely covered through-
out the map area). Therefore, it is possible that upper iess resistant

unit has been mapped as part of the Park Shale, or is not present in the

map area. Total thickness of the Meagher seems to be from 200 to 400
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feet, but no complete exposures were seen.

Directly overlying the Meagher, probably gradationally, is the
Park Shale. Only a few feet of poor. exposure of this formation were
observed in a shallow road cut on the southern boundary of sec. 13,
T. 3 S., R. 3 E., Here red soil and a minor aﬁoﬁnt of micaceous red
and green shale are present. The total thigkﬁess is unknown, but

‘map relationships of a typically covered saddle on the unit suggest

a thickness of abproximately 200 feet.

. Upper Cambrian: Overlying the Park Sh%;g, apparént}y in conformable’
.contact, is the Pilgrim Limestone. In thé map area thié formation is
ddﬁinéntl& thick—bedded, mediuﬁ to ‘light gray, medium~ to coarsely
crystallipe limestone, in places glauconitic and slightly sandy. No
limesfone.ﬁeﬁble congloﬁerates; commo£ in the lower Pilgrim of adjacent
areas, were noted. Where fairly well exposed on Ruby Mountain, the

o -
formation—displays massive ledge-forming outcrops, whereas to the south-
east it'forms low hogbacks. The thickness is about 200 feet, with' the
bésal'ﬁarffunexposed. ‘

Above the Pilgrim on Ruby.Mounfaiﬁ, in apparent parallel contact,
\
is a saddle-forming, nonresistant thin interbedded yellow to buff sandy
and deloﬁitic limestone and red shale interval 60 to 80 feet thick.
This is believed to represent.the Upper Cambrian Dry Creek Shale Member
of the Red Lion Formation. | :
In gradationai contact with the Dry C;gek on;iuby Mountain is a

thin-bedded, light gray, medium—ito‘coarseiy—crystalline limestone.

This contains abundant irregular tan chert stringers and nodules. This
| ' . .
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ledge~-forming. limestone is about 42 feet thick, and on the basi? of
'1ithologic similarity,,it is called Rea“Lion Limestone. (Hanson, 1952).
However, near Goose Creek in sec. 20, T. 4 S., R. 4 E.,. poor ex-
posures of the same interval (between Dry Creeﬁ'Shale ;nd Jefferson
Limestone) indicate that the limestone present at this locality-is
similar to the Sage Pebble Conglomerate Member of the Snowy Range
Formation. Here, sparse‘exposures of limestone pebble conglomerate are
present. These exposures are adjacent to the Salesville Fault and
could possibly be  fault slivers of the Pilgrim Formafion, which aiso
is known to have similar'lithologies. However, it is poésible that
somewhere between the Ruby Mountain and Goose Creek exposures there may

be a facies change in the Red Lion .-  Snowy Range interval.

Devonian: On Ruby Mountain the Jefferson Limestone directly overlies
the Upper Cambrian with an abrupt change in lithology. There is litple
physical evidence of‘phié.major'hiatus that represents all éf Ordovician
and Silurian, as welllas part of Devpnian time, . At Goose Creek the
contact between the Sage. Pebble Conglomerate Member(?) and the Jefferson
-Limestone is not exposed. The Jefferson is composed of alternéting‘lime-
étone-aéd dolomite with thin to thick;beds of gray to grayish‘brownzfine-
to coarsely crystalline textures. It weatherg with a characteristic
medium to dark brown color. The total thickness of the Jefferson at
Goose Creek is approximately 420 feet. On Ruby Mountain the Jeffersqn
may be thicker; but the,uppérmost beds are either stripped away by

erosion or are unexposed because of vegetative cover on dip slopes.
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At Goose Creek the Three Forks Shale gradationally overlies the
Jefferson Limestone. The Sappington Sandstone is dlso present. The
poorly exposed interval between the-Jeffersén and Lodgepole formations
appears to consist of green and red shales, yellow calcareous siltstones,
and yellow calcareous sandstones, The paced interval indicates approx-

imately 140 feet of combined thickness for the Three Forks-Sappington

unit.

-Mississippian: Exposed above and apparently conformable with the

Sappington Sandstone are-175 feet of the Lodgepole Formation. The rock
exposed is thin-bedded, dark gray; finely crystalline limestone with
intercalated shaly partings. Younger Paleozoic rocks, if present, are

covered by Miocene and/or Quaternary deposits.

Tertiary: Erosion prior to middle Eocene time removed a large amount
of Paleozoic? Mesozoic, and possibly Paleocene strata before the wide-
spread Gallatin Range Volcanic rocks were formed.” Erosion after this
phase of volcanism and prior to late Miocene deposition removed most

of the wvolcanic cover and additional unknown amounts of older rock.

Eocene: Volcanic rocks of probably'middle Eocene age occur in the map
area as two erosional remnants of slightly more than onegfourth square
mile each. One is poorly exposed one-half mile southeast of the mouth
ofAthe Gallatin canyon. Theré the‘rock is mainly oxidized and vesicular
basic andesite. The dip is probably southeast at a gentle angle on the
basis of vesicule orientatiqn and areal distfibutiqn, and thickness is

probably less than a few hundred feet.
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The other remnant, three . miles west of Gallatin Gateway, dips
approximately 30 degrees to the north~oﬁ the basis of theﬁphysiographic
expression and orientation of flow structures ( Fig..l). The exposures
are poor, bpt the following generalized section was obtained on a

traverse of the remnant.

Top: Unconformably overlain by late Miocene tuffaceous sedimentary
strata.
300! Dominantly vesicular medium gray to oxidized finely crystalline

andesite and scoria. Vesicule pipes suggest northward flow.
Some vesicules filled with calcite and opal.

350" Mostly covered. Appears to be interlayered gray, slightiy
porphyritic finely-crystalline andesite and oxidized scoria.

100! Oxidized scoria, dark gray scoria, and vesicular basalt.

30" Finely crystalline medium gray andesite, mafic phenocrysts
appear to be altered to golden brown biotite, also the plagio-
clase phenocrysts are altered.

50' Flow breccia with vesicular basalt fragments up to 6" in diameter.

50" Oxidized vesicular basalt.

100" Black to dark gray glassy and porous basalt, some faint flow
bands visible. In some zones plagioclase laths appear altered.

Base: 'Precambrian metamorphic rock in amgular contact.
Total Thickness: About 1,000 feet exposed.

The age of the volcanic sequence is uncertain but is assumed to be
Middle Eocene on the bgsis of the following evidence. Six miles to the
south of the map area near Garnet Moﬁntain-w. J. McMannis (personal
communication, 1962) has found a thin carbomaceous siltstone directly
underlying gimilar volcanic-stréta. These deposits. rest on‘the subvol-
canic erosion surface. Spore identifications from the siltstone indicate

a late early Eocene age; therefore, the volcanics must be no older than
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that. To the south in Yellowstone Park similar and probably correlative
volcanics accumulated until "well into Middle Eocene' Dorf (1960).
Therefore, it is probable that the bulk of the sequence is middle

Eocene in age.

e % w t | Yo cThlde i -,,.' ..,- by & Nc; ‘\% : B 'f‘_f" k
R A LR T oy o ?'-._- P ‘m‘ii‘x ; ‘M L et W

e ¥ ., o o 5 e L Nl (A o *
: i 4 %

Fig. 1 View to the southeast from sec. 7, T. 3 S., R. 4 E.

ofin (1) ng2 gravel surface overlying late Mlocene strata,

(2) remnant of basic volcanic rocks dipping 30° toward the

foreground, (3) Precambrian metamorphic rock topographic

high, (4) high peaks of the Gallatin range in the background.

Near High Flat in the northern part of the map area in sec. 28, T.
2 S., R. 4 E., a poorly exposed possible remnant of volcanic rock occurs.
Angular blocks of andesite are concentrated in one small area and are

generally covered by soil or loess. Adjacent to them are rounded lag

pediment gravels of the same lithology. However, due to the size and
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angularity of the blocks, the writer interprets them as inplace remnants.
If so, this remnant is probably less than 50 yards square and very thin,

resting on and surrounded by metamorphic rocks.

Late Miocene: Sedimentary strata of dominantly light colored, fine-

grained tuffaceous nature are widely distributed throughout most of the
map area and are believed to be entirely late Miocene in age on the basis
of vertebrate fossil remains, apparent similarity of lithologies, and
probable contiguity. However, the strata south of the Camp Creek
paleotopographic valley and south of the bedrock high three miles west

of Gallatin Gateway have not yielded identifiable fossils.

Fig. 2 Typical lack of exposure of late Miocene strata with
the exception of ditch cuts (l). Skyline is formed by a Qpgl
surface. Qpgl derived gravels occur as float on the entire
ravine slopes ' 8ec.. 33, T. 2.S., R. 4 E.
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Throughout the area underlain by the tuffaceous sediments exposures
are poor because of the low degree of induration of the strata and exten-
sive surficial deposits of loess and gravel (Fig. 2) . Most of the ex-
posures which do occur crop out on steep slopes, and even at these
localities only the most resistant beds stand as outcrops (Fig.13),

It is probable that most of the finer-grained strata are covered, but
they may constitute the majority of the late Miocene sediments. 1In
general, outcrops consist of less than 50 feet of sequence, and only

the resistant coarser grained partially cemented beds are exposed.

Fig. 3 Northerly view from sec. 29, T. 3 S., R. 4 E., across
Brown Hollow. Late Miocene strata dip east at 15-25 degrees.
Typical of sporadic exposure of the more indurated beds.
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Two representative sections are included here to indicate the two
typical sequences noted. The first is less cémmonly exposed and is
probably stratigraphically -higher than most of the late Miocene of the
map area. This belief is based on fault relationships and character
of the beds. The second section is mgfe or less typical of most of the
late Miocene exposureé that occur adjacent to the flanks of paleo-
topographic -bedrock highs.

Section No. 1, measured along Highline Canal, NW % of sec. 13, T. 2 S.,

R. 3 E.
Top: covered by soil and loess.
26! +Crudely bedded 1-3' zones of very fine to medium-grained tuffa-

ceous sandstone, with-lateral irregular cementation by calcite.
Interbedded 8-10" light gray lenses of silt and clay beds, 1'
lenses of dark gray calcite cemented siltstone, and a few lenses
of yellowish-brown siltstone, Calcareous root casts, Tertiary.
pebble fragments, and.irregular cementation occur throughout

the unit.

34! Alternating %-2%' zones of light gray tuffaceous very fine- to
medium-grained massive sandstones, and thin-bedded 1/2 to-3/4"
light gray to white,. cross-laminated ashy silt and clay beds,
in places slightly calcareous. Upper.4' is a massive sandstone
well cemented with calcite. Top of one sand bed ripple marked,
with overlying white clay filling troughs, but not reaching the
crests of the troughs. '

10' 6-8" massive beds of gray tuffaceous very fine-grained sandstone,
.some-lightly calcite cemented. A few zones of thin-bedded 1/8
to 1" light gray silty ash beds. Some of the sandstones seem to
be rich in carbon. :

15! Thin-bedded 6" to %' cross-laminated, light brownish gray tuffa-
ceous medium-grained sandstone and siltstone,.mostly nonindurated.
Carbon content varies laterally.

27 Bed of medium-gray, cross-laminated, medium- to fine-grained,
tuffaceous sandstone, slightly calcareous in places.
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Thin-bedded % to 3" cross-laminated and laminated light gray to
white very fine- gralned sandstone and siltstone, nonindurated,
some zones stained with iron oxide.

Thin-bedded %-1" laminated and cross-laminated micaceous, tuffa-
ceous, buff colored very fine- gralned sandstone. Some 1/8-1/4"

limonite-cemented . layers.

Small fault, probably related to the Middle Highline Canal Fault.

Total thickness: 113"

Section No. 2, along Goose Creek road, in W %, SE % of sec. 17, Ta3 S.,

R. 4 E.

Top:

12!

2‘

4!

122!

42!

34!

. 36"

Covered by ngl gravel.

Massive 1-3' beds of tuffaceous, buff colored, very fine-grained .
sandstone and siltstone. Some carbon or manganese spots and
veinlets.

Bed of granule conglomeratic buff colored fine-grained tuffaceous

sandstone. Calcareous, slightly more resistant than adjacent beds.
Granules.of pumicite.

Covered.

Partly covered, thin-bedded, very fine-grained pumicite, with
pumicite granule to pebble fragments. Color-varies from off
white to buff. Partly calcareous.

Massive 1-5' beds of buff to light gray tuffaceous, fine-grained
sandstone,. some calcite-cemented beds form ledges.

Covered, probably nonindurated very ane ~grained sandstone and
siltstone of altered tuff.

Massive 2 to 12' -thick beds of light gréy to buff tuffaceous,
very ' fine-grained sandstone and siltstone. Beds vary, in amount
of calcite cement. One well cemented 6" very coarse sand . lense.

.Top capped by a 6 foot well indurated calcite cemented bed.

Bed -of coarse sandstone with granule to pebble- conglomerate-in

¢ross-bedded channels and light gray tuffaceous sandstone. .Con-
glomerate composed of subround to subangular clasts of quartz,
basic volcanic rock, metamorphic rock, chert, silicified wood, and
some tuffaceous siltstone.fragments. Varying amounts of calcite
cement, but the upper part:.is .tightly cemented.
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.36 Mostly covered, appears to be massive buff to white tuffaceous,
very. fine~grained sandstone and siltstone. Seme irregular-
shaped calcareous concretions, also carbon or manganese spots
and veinlets. . 8
6 Massive buff colored bed of highly calcareous tuffaceous medium-
grained sandstone and pebble conglomerate. Pebbles occur as
crude- lenses and congist mostly of basic volcanic clasts, with-
-some metamorphic-clasts.
Base: covered with soil and. leess.
Total thickness: 200'
Note: Pumicite refers to sandstone made .up -dominantly of
glassy fragments. Tuffaceous is.used In the sense
that the sandstone.is light colored and punky,. but
the individual shards are not. identifiable due to
alteration. :

A number of characteristics of the. Miocene strata persist threughout
the map area. Near the depositional contacts with bedrock, the sand-
stones typiéally become coarser, and the bulk of the detrital material
is bedrock derived. Many beds are conglomeratic to various degrees,
but most typical are beds displaying small to.medium-grain size.
Pebbles are usually well rounded, of low sphericity, and are dbminantly
composed of basic volcanic rock, Precambrian.lithologies, and in some
beds clasts of reworked Tertiary tuffaceous material. The bulk of the
volcanic clast-bearing beds occur in two localities: 1in the west-
flanking beds adjacent to High Flat in secs.25 and 36, T. 2 S., R. 3 E.,
and in sec.‘l, T. 3 8., R. 3.E., and in secs. 5 and 8, T. 3iS., R. 4 E.,
east of the basic volcanic.remnant west of Gallatin Gateway. . Some
pebble conglomerate channels of similar but coarser debris occur to the

north of High Flat.
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Also widespread in the Camp Creek-Brown Hollow paleotopographic
valley is a zone of coarse siliceous arkosic conglomerate and sand-
stone that forms the only lithologic unit constituting a marker horizon
in the Miocene section (Fig. 4). This zone has local thickness up
to 30 feet (at the south end of the High Flat bedrock high) and appears

to be directly overlain by typical poorly indurated finer-grained

tuffaceous beds.

Fig. 4 Well indurated late Miocene arkosic conglomerate with

clasts to cobble size and matrix of granules. Crops out on

the southwest flank of High Flat, sec. 6, T. 3 S, R. 4 E.
The highest exposure of the marker is found 20 feet east of E. Brown
Hollow fault at 5,760 feet elevation and is traceable eastward three-
fourths of a mile to an elevation of 5,400 feet. North of these ex-
posures scattered outcrops of the marker occur just to the east of Ruby

Mountain, where it is at 5,500 feet elevation. Along the southwest

flank of High Flat a similar unit varies from 5,680 feet at the contact
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with ghe southérnmost High Flat bedrock exposure, to approximately
5,300 feet one and one-half miles to the northwest. One and one-half
.miles southeast of Anceney a small hill is capped with the same resistant '
marker zone at an elevation of 5,040 feet. The -distribution and ele-
vation Of remnants of ‘the markér zone may indicate subsequent tectonic
movements, but exposures are not continuous, and there is no guarantee
that the beds are contemporaneous. Typically this'rock unit forms
massive blocks which-iag behind as underlying fine-grained tuffaceous
material is erosionally removed. The interesting and not clearly under-
stood aspect of the rock.is its composition. Shards or tuffaceous
debris are rarely present, and most grains are fresh, extremely angular
quartz and feldspar fragments. ©Possibly the deposit represents an
interval of time during which no airborne ash reached the area, or per-
‘haps an interval of time when.precipitation was markedly increased.
The position and thickness of outcrops suggeét the zone originated as
slope flanking collgviél deposits and not as stream deposits.

Most of the other Miocene siltstones and sandstones contain~;bout
50 per cent of grains derived from  Precambrian metamorphic rock and
50 per cent of light-colored altered ash. The percentages vary from bed
to bed, but they are believed to represent an average based on micro-
scopic examination of a number of samples. Most of these beds are
- massive and. lenticular, and individual beds are not extensive enough to
be corrglated from outcrop to outérop except in a few local areas. Small-
scale bedding structures are generally absent. The beds are commonly

‘massive, a few feet.in thickness, and could conceivably have been deposited
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. in slow, sluggish streams, lakes, or as eolian deposits. Some small-
scale channeling of underlying beds suggests stream deposition for
some of this material. 1In places where lateral exposures are more
extensive, a few beds were noted that had broad undulatory upper con~
tacts, with calcite cementing the upper horizons. These beds, commonly
6 to 8 feet thick, are ;imilar in general character to present loess
deposits in the map area. Commonly throughout the_area the fine- to
medium—érained sandstones show an upward gradational increase of
calcite cement, which suggesté caliche development under subaerial dry
conditions.

Vertebrate remains are concentrated in localized areas and also in
the coarser beds as occasional water-worn bone fragments. The concen-
trations of bones generally occur where there are nearby fluvial. features,
such as channeling or coarser material in concentrated zones. However,
.the bones are usually found in very fine-grained, nonindurated, altered,
‘ashy deposits. This suggests the possibility of dry periods and animal
concentration at waterholes, with mud trapping numerous -animals in
localized areas. The bones are not commonly articulated but are concen-
trated adjacent to one another.. Vertebrgte remains were collected at

the following localities:

SE%, NW%, NE%, sec. 8, T. 3.S., R. 4 E.

MW%, SE%, NE%, sec. 36, T. 2 S., R. 3.E.
NEY, SEY%, NW%, sec. 13, T..2 S., R. 3 E.
SW%, SW%, NE%, sec..13, T. 2 S., R. 3 E.
Swk, NEY, SEX, sec..l4, T. 2 S., R. 3 E.

Other features of the commonly exposed siltstones and sandstones are
calcareous and siliceous root casts, generally of small diameters, and

less commonly, what appear to be differentially cemented rodent burrows.
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Near Goose Creek, iﬁ sec, 20, T. 3 S., R. 4 E., a 1- to 2-foot
thick, tpffaceous, freéh—water limestone . .bed crops out near and east
of a zone of faulting. One and one-half miles to the south, a poor ex-
posure of thin chert beds and intercalated fine-grained, altered, ashy
material was ﬁoted on the same side of the north-trending fault previously
mentioned. These units are on the downthrown block and are believed to
be stratigraphically higher than most of the Tertiary strata in the map
area, To the north of High Flat, in a similar downthrown pesition-with
respect to postlate Miocene faults, are strata of Stratigraphic Section
" No. 1. Both zones display features compatible with lake deposition and
are thought to be related to stratigraphically higher strata which were
deposited after the adjacent bedrock highs were buried and, therefore,
in relatively more. valleyward environments.

In summary, the late Miocene strata varies considerably and formed
‘from both local and exotic material. The ash was probably brought into
the area as ash fall which in. places remained where initially deposited
and' in other places was partly reworked by small stream action. In
éeneral the altered‘condition of the ash .may support this hypothesis.
Small root casts and localized areas rich in vertebrate.bones suggest at
least seasonally dry conditions. The type of animal remains (e.g. horses,
camels, rhinoceros, and rodents) also suggest a grassland enviromment.
.However, the. mixture of terrigenous debris with the altered tuffaceous
material suggests that precipitation was sufficiently great to keep the
bedrock high areas .generally washed free of eolian ash. .As burial of

the pre-late Miocene paleotopography became-cemplete, at least locally,
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1ake'4eposits interbedded with ashy stream material may have become

dominant.

: Intrusive Rocks .

In the SW% of sec. 30, T. 3 S., R. 4 E., just west of the eastern
Brown Hollow fault, a dike of basaltic rock intrudes Precambrian rocks.
This dike, trending.northwest, is exposed for a few hundred feet and
averages about 20 feet thick.

In NW%,~sec.'23, T. 2 S., R. 4 E., a large.vari-textured gabbro
dike of unknown age intrudes Precambrian rocks. Finely-crystalling
.chill margins indicate intrusion into cold rock, and post-intrusion
fracturing -indicates involvement in lgter'tectonic movements, Post
fracturing alteration -of the plagioclase and augite has occurred. This
rock, in thin 'section, is composed of approximately 45 per cent plagio-
clase (AnSS) and 45 per cent augite, and the rest of the rocg is composed
of alteration minerals, The augite is unlike the augite characterictic
of the Eocene.basic volcanic rocks, and therefore this dike is apparently
-unrelated to them. The dike-:is mapped as a Cretaéeous-Tertiary(?) in-
trusive . because it could be.related to the volcanic debris.abundant in
-the Late.Cretaceous and Paleocene Livingston Formation. However, it is
possible the:rock may be as old as Precambrian. ,

In:several places there are. generally finely-crystalline andesite
porphyries intruded as concordant sills up to a.few feet thick. These are
.essentiglly restricted to the Wolsey Shale and . overlying Meagher Limestone.

These sills are similar 1ithologicai1y to those in similar stratigraphic
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position in.the Squaw Creek area to the south, though not as caarse

grained or as well developed.

Surficial Deposits and Related Features

Alluvial deposits are wvery common in the map area and relate to
late Cenozoic history of the Gallatin Valley and surrounding-areas. The
following :units were noted and appear on the geologic- map where:exfen—
sive-enough ' to be practicably mapped. Figure.5 indicates probable
correlation of these features,

Present West Gallatin River floodplain (Qal)

Terrace No..l (Qtgi) '

Terrace No. 2 (Qtg,)

+  Terrace No..3 (Qtg3)

Younger pediment remnants (ngl)

Older pediment.remnants (Qpg2y)

Mass wasting deposits (Qm)

Loess deposits

Alluvial. fans (Qfg)

The matched terraces of the map area are believed to represent
periods of increased discharge and detrital increment of the West Gallatin
River, directly:related to periglacial climatic conditions in the drainage

basin. The. basic assumption is that-each terrace: level is related to

the climatic change-which accompanied the glaciation. The assumption.is

- based on contemporary observations :.of glacial outwash streams fFlint,

;

1947) and known glaciation in the West Gallatin~River drainage . basin.
Most observed glacial outwash streams are either in a-reduced stage of
incision or are aggrading, depending on the local circumstances, whereas

previously, during.interglacial periods, they were actively downcutting.

The West Gallatin River was at.least in part fed by outwash waters

~

.
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.during -the Wisconsin and probably earlier phases of ice accumulation,
but details are as yet little known in this region. The conditions
which formed the thinly alluviated, paired terraces and terrace remnants
are what might be expected of a stream which is loaded to the point that
it cannot cut down but is.vigorous enough to.laterally abrade during

maximum runoff.

West Gallatin River Floodplain (Qal):‘ . A floodplain.is essentially
absent along.the southern reaches of the West Gallatin River in ‘the map
area and is restricted to a maximum of a half mile wide. along the northern
reaches. The river is braided slightly from the vicinity of Gallatin
Gateway to the northern map boundary, but it is not known whether the
braiding is active or rélic at the present time. In places there is a
suggestion that the widely separated cHannels are not the result of con-
temporary processes,. which-in turn suggests the present braids could be
incised from a-very recently abandoned terrace. Much of this terrace.is
three feet higher than the common high water mark.

Composition of gravel in the present West Gallatin River was deter-
mined by a-.count of the.clastic.material greater than-l inch in average
diameter in three square.feet of area on a gravel bar near Sheds Bridge.
The  results are tabulated .below:

45%.Precambrian-metamorphic lithologies (gneiss, meta quartzite, and

amphibolite)

40% -basic volcanic -rocks (basic andesite, andesite- porphyry,.basalt,

and vesicular basalt) ’

12% dacite porphyry (some clasts texturally border on fine-grained

granodiorite, diorite and quartz diorite porphyry)

3% other lithologies, including the following .in-oxrder of decreasing

abundance: Flathead Quartzite, Quadrant Quartzite, Cretaceous
sandstone, and Paleozoic chert.
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The celasts are mostly well-rounded cobbles.averaging:8'inchesiin'
diameter - and displaying low sphericity. . The matrix constitutes about
10 per cent and is composed of fine_gravel and sand for-the most. part.
However, the percentage of matrix varies considerably depending on the
type of deposit. A few two-foot boulders and many.one-foot bou}ders are

present. Most of the igneous lithologies have weathering rimes 2-5 mm

.thick.

The rock types found in the alluvium all occur in abundance within
the West Gallatin River drainage basin.  However, rhyolitic volcanic-rqck
(Hall, 1961), which-is abundant along.the upper Gallatin River, is net
represenfed in the gravel. This. is probably“related to the lack of
durability of the semi-welded tuffs, distance of travel, and their suscept-
ability to chemical and mechanical weathering.,

The present (?) floodplain is. typically mantled with a~varying:thick-
ness of silty deposits, presumably, laid down during floed stage.ovefflows.
and flooding due to ice ‘jams. During the wiﬁters of 1961-62 and 1962-63,
the writer observed numerous:examples:of this phenemenon just south of
Sheds Bridge. Two processes were noted: - (1) Silt-charged waters overflow
on river ice during sudden.temperature rises.after prolonged belew-zerd
weather and cause- flooding beyond- the. normal high water level, and'(Z)
floods form during prolonged temperature-rises due Eoiice jams'ég_nafural
constrictions. These processes may be.more important than the normal
early éummer.high-water-stage.floods, when overflow of banks onto the

floodplain was not observed by, the writer during two high-water. stages.
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Due to the fact that there is suggestion-of incision.by the present
channels, the floodplain may not be actively forming at the present time.
Based on position, it could.conceivably correlate with the last phases
of the Neoglaciation stade, believed to have climaxed in the Rocky

Mountains in the mid 1800's (Richmond, 1960).

. Terrace No. 1 (Qtgy): Five to fifteen feet above the present floodplain

-is a more extensive terrace, averaging-about a.mile-in width. This
terrace, as well as older and higher terraées ;f the West Gallatin Rivef,
increases. in vertical distance above the present river elevation  from
north- to south, indicating either a different river-grédient during.
formation.or tilting after formation. Thesevrelationships are discussed
in terrace slope analysis,

Silt an& sand, with a.thin in situ soil, cover most of the coarser
underlying alluvial material. The gravel composition and size is similar
to that of the present river gravels. The abundance of vegetation
commonly found suggésts subirrigation-of the terrace, which is.mainly
used as pasture-land.

The only direct evidence-suggesting an age for this surface is
located outside the sfudy area, in the.vicinity of Hell Roaring Creek,
which -flows from.the: Spanish Peaks area into the West Gallatin River

south of Spanish Creek. W. J. McMannis (personal communication, 1963)

has. found outwash deposits from the youngest of extensive alpine.glaciation

in the Spanish Peaks graded to a terrace which appears to be equivélént” "

to Terrace No. 1 because of its position relative to present river level.

Q
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These glacial features are tentatively considered as Pinedale equivalents
but have not as yet been extensively studied. Terrace No. 1 is the first
surface at higher elevation than the possible neoglacial terrace and is
more extensive. On the basis of the preceding evidence, it is suggested

that Terrace No. 1 is a Pinedale feature.

Terrace No. 2 (thz):

Fig. 6 Westerly view from sec. 28, T. 3 S., R. 4 E., toward the
mouth of Brown Hollow. (1) a cultivated Qtgy terrace, (2) an
undifferentiated river terrace, and (3) a northeasterly sloping
Qpg; surface. All features are developed on late Miocene strata.

A higher, even more extensive floodplain terrace is preserved on the

west side of the river (Fig. 6). Crop cultivation exposes very little
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coarse clastic -material, apparently due to: loess or river silt cover. One
.good exposure of the gravel deposits of this terrace.is in a shallow
-gravel pit approximately one-half mile west of Williams Bridge, at the
-edge-of the erosional scarp between the high Qtg) terrace-and theﬂthl
terrace. The percentage-of various-rock types represeﬁted in the
clasts are as follows:

55% ‘Precambrian metamorphic lithologies

25% Basic volcanic lithologies

5% Dacitic-volcanic rock

5% Chert

5% Paleozoic 'sandstones

5% Mesozoic-sandstoges

The clasts are well rounded, of moderate sphericity, and range up to
one and one-half feet in diameter and have an average -diameter of about
seven inches. The maximum thickness of the deposit-exposed.is approxi-
mately eight feet, but the.total thickness is believed to be between
twenty and. thirty feet on the basis of well data. In places up.to two
. feet of loess~like material overlies the coarse alluvium. This material
displays no fluvial structures and is composed of an upper ten-inch
humus rich zone (A horizon) and a locally absent lower one-foot caliche
zone (B + C horizon). The caliche zone contains siliceous or calcareous
-root casts and is markedly]similér té some. late Miocene beds with re-
spect to texture,.composition, and general appearance.

‘Near -the mouth of the West Gallatin River canyon,.the difference in
elevation between the Terrace.No., 2 (thZ) and the lower Terrace No. 1

(thl)-is approximately 25 feet. One mile north-of Williams Bridge the

difference decreases to 12 feet and then remains approximately the-same
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or less for the next five miles northward to where Terrace No. 2 is
terminated by later erosion near the confluence of Fish Creek and the West
Gallatin River. This change in-relief between terraces poses a problem
which is discussed in terrace slope analysis.

On the basis of position and the assumed Pinedale age of Terrace
No. 1, Terrace No. 2 is believed to:correlate with the Bull Lake stage
of glaciation. As Terrace No. 2 was more extensive than younger terraces,
and extensive alluvial fans appear to grade to this level on the east side
of the West Gallatin River,.it appears that this phase of glaciation was

either longer in duration or had more profound periglacial effects,

. Terrace.No. 3 (th3)3 Aldng the present eastern dissected edge of the

pediment -system (ngl) sporadic exposures of high level alluvial gravels
occur which are similar to the younger terrace gravels and to present
West Gallatin River gravels (200 ft. above -Qtgo). Representative data
was obtained from the northernmost exposure of these deposits in the map
area, located one.mile west of Sheds Bridge, just nerth-of the,highﬁay
in a barrow pit (Fig. 7). The following.is the percentage-composition
determined by a-count of the clasts greater than 1 inch in average
diameter in three-square feet of exposure.,
527 basic volcanic rocks (andesite porphyry, basalt, basic andesite,
vesicular basic andesite)
267 Precambrian metamorphic- lithologies (amphibolite, meta quartzite,
gneiss, and schist)
14% Dacite porphyry (approaches quartz dlorlte, diorite or: grandlorlte)
4% -Quadrant Quartzite (Pennsylvanian) ‘
2% Flathead Quartzite (Cambrian)

27 Other lithologies, dominantly Paleozoic chert and Cretaceous sand-
stone.
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Fig. 7 Gravel deposits of an old West Gallatin River
terrace, Qtg,. Exposure in a gravel pit one mile west
of Sheds, Bridge:in sec, 10,975 2 S., R4 EC

Clasts are medium to well rounded, with moderate to low sphericity.
Average size is about seven inches in average diameter , and the maximum
is about twelve inches. The matrix is estimated as 25 per cent of the
total volume and consists primarily of coarse sand granules and pebbles
of the same lithologies as abpve. Poorly developed polish is present
on some gneiss and basic volcanic clasts. The dacite porphyry and
some basic volcanic clasts are deeply weathered. Imbrication indicates

a northward direction of flow during deposition.
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By comparison.these deposits are closely related to the present
West Gallatin River gravels and to the pediment gravels. Only deposits
related to the West Gallatin River have dacite porphyry clasts and
measurable percentages of Cretaceous debris. In secs, 27 and 33, T,
2 8., R. 4 E.,.loess- like lenses up to 10 feet thick.occur between
the- coarse gravels, indicating contemporaneous deposition. The position
of these gravels at the pediment shoulders indicates the pediments were
graded to this terrace level.

These river depoéits, on the basis of position, are tentatively
assigned to the Buffalo stade of glaciation. Further discussion of

age.is presented in the- section dealing with the equivalent pediments.

:Other River Terrace Remnants: Near -the. mouth .of the West.Gallatin

River canyon, on the west flank of the canyon, are a number of terrace
remnants, some of which are too small to be practicably'mapﬁed. At
higher elevations in the same area are small possible river benches with
no foreign material resting-on them, Terrace remnants with alluvial
material consisting.of cobbles and boulders of metamorphic- lithologies,
basic .volcanic lithologies, and some- limestone,. sandstone, and dacite
clasts, occur in sec. 5, T..4 S., R, 3 E., and sec.:32, T. 3 S., R. 4 E,
The highest gravel-covered terrace remnant occurs at 5,490 feet-elevatiop,
about 400 feet above the present West Gallatin River. This was the only
-gravel-covered remnant found at this elevation. The next lower terrace
remnant on.the flank of the canyon is at 5,415 feet elevation. Approxi-

mately one-half ‘mile north on a ridge of Meagher Limestone a-veneer of
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river gravel occurs at the 5,410-foot elevation, and these probably
form a ferrace remnant equivalent to one.of the canyon remnants.

These lie on the upstream projection.of the profile of Terrace No..3
(th3) (P1. II, Fig. 4). About one-four£h of a mile apart, at the
5,305~foot elevafion on the canyon.flank and at the 5,235-foot elev;tion
on the Meagher Limestone.ridge, small gravel-covered terrace remnants
occur; these also apparently are- equivalent to each other.- The most -
extensive terrace remnant, mapped as Qtgu,.occurs at the 5,210;foot~
elevation, about 120 feet above Terrace No. 2 and about 130 feet be-
-low-the projected Terrace No; 3.

At elevations higher than- the highest gravel-covered terrace remnants,
small bench-like surfaces are notched into the west flank of the canyén.
These are commonly of small areal exténd and occur at various-eievations
up to 6,400 feet. Similar surfaces do not occur on the very steep east
side of the canyon. Because the benches appear to be unrelated to the
trend of foliation: in the underlying.gneiss a stream cut theory of
origin is favored. Assuming.these features.are river cut bepches, the
question arises as to why -gravels are absent. 1In places the high benches
are of greater areal extent than the lower gravel-covered remnants and,
therefore, presumably provide- ample area for gravel preservation,

Three plausible explanations seem épparent, and all may be:.contributing
factors. They are (15 The high benches probably wére cut Eefore one or
more stadgs of ‘glaciation during which there were periods of increased
precipitation, solifluction, and generally accelerated erosional pro-

cesses, which have stripped the benches of alluvium. (2) The remnants
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are small in areal extent and beunded by steep slopes; therefore, normal‘ :
erosional processes over a-longer peried of time have-stripped these
-areas of. alluvium, whereas lower and younger terrace remnants retain:the
gravel, (3) Prior.te glacial activity, streams-may -have been engaged
in removing-large amounts - of fine-grained, poorly indurated Tertiary strata
and thus-may have been carrying.oenly minor -amounts of bedroeck :derived
gravel, .Possibility (3) has some merit in view eof the abrupt vertical
change - from gravel-covered terraces to barren ones, . If possibility
(2) were-solely responsible for the.barren benches, one-might expect a
-graduél_deérease-in'amount of gravel on successively higher stream~
formed features. Such grad%tion-is.not apparent frem the field studies.

Position with respect .to Terrace Ne. 3 (Buffale.? age) suggests an
early Pleistocene to- late-Pliocene age for.the_bedrock.benches. Some
of the- lower bedrock.Benches may .be.contemporaneous with' the highest

. §
gravel depdsits (ngz) found further ndrth, believed to be old pediment

‘remnants which are-discussed in a-follewing -sectien.

:Analysis of Terrace Slopes: On‘Plate II, Fig..4, fall line-profiles

have been plotted for the river terrace remnants as well as for the
present West Gallafin-River for comparison., Alse plotted are the high
.bedrock-cut benches of the West Gallatin River Canyon.'_EVen though some
of theﬁlineS‘shown.arg not directly adjacent to others, all are in true
lateral pesition in that they subparallel each-other in a northerly

direction.
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It is apparent that Terrace.No. 3 has‘the highest gradient or slope,
and the successively lower profiles have-successively lower gradients or
slopes, with the present river'having.the-lowest gradient. The two
terrace remﬁants on the '‘southern -end of Terrace No. 3 profile unfor-
tunately are not definitely correlatable with the main part of the terrace
but are believed to be essentially equivalent on the basis of their positions
relative to the projected profile.

The cause of different slopes for noncontemporaneous river terraces is

"at present very difficult if not impossible to ascertain due to indeter~
minate factors which may have influenced the.gradients df the deposits.
,Mackin (1948) has peinted out -numerous factors which may centrol the
gradients,.most of which can not be.determined from deposits alone. .There=
fore,.even though the deposits of the various terraces-in the map.area may
-be-essentially similar in character from the standpoint of grain compo-
sition, size, and sorting, there-is no reason. to believe that ancient .
West Gallatin -rivers necessarily had slopes or gradients identical to

those -of the present: river., On the.contrary, if the terraces represent
periglacial features, different gradients might be more.likely.

Two possible-interpratations .can be made.from the diagram: '(l)‘the
profiles r4flect the gradients of the streams -at the time of formation,
or (2) the slopes-of the profiles are not the gradients of the streams at

“the -time of formation, but have been rotated or tilted. If (1) is
‘assumed, gradient controlling factors-of the earlier streams must have
been considerabiy different from those of the present West.Gallatin Riﬁer

in that they -display higher gradients. As.the alluvial material associated
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with-the_higher remnants is very.similar to the-present West Gallatin
River alluvium in size'and - compesition; one -might assume smaller dis-
-charge-or greater detrital increment to accountifér a higher. gradient,
Recent streagzcapture‘at seme . upstream point cogld cause a lesser dis~
-charge- in the:past, but ne.known evidence is present -te suppert this
~possibility., A more arid climate is also-a pdséibility, and perhaps

is suggested by the pelish found on seme clasts in the pedimént-gravels
and .equivalent river ‘depesits, .However, the  polish indicates enly that
semiarid or arid conditions have .existed since depositibn and not that
‘conditions were such at-the time. of depesitien.

Evidence-in the Gallatin Valley strongly favors pessibility (2).
Hackett, and others-(L960). have noted abnormally thick:deposits-of
Quaternary alluvium:eight miles north of the map area near -the town
of ‘Belgrade, In the map area between Gallatin.Gateﬁay gnd Sheds- Bridge
the lew-terrace.gravel depesits are 70 to 80.feet thick. Northward from
- the-map area the depesits thicken-gradually, and near Belgrade reach at
. least 400 feet in thickness and may be-as thick .as:800 feet (based on" an
01l test well: State-well #1). .Wheregthé river leaves the Gallatin
.Valley at Legan test drilling indicates 20 to 30 feet-of alluvium
-resting .on- bedrock (Madison Group). Therefore, because the base-of the
alluvium:near:BeIgrade-is ét-lower elevations .than the bedrock threshold
'where the river issues  from. the Gallatin Valley, tectonic:subsidénce is
nécessary to. produce-such a.thick alluvial deposit of Quaternary age.

If the hypothesis-éf tectonic instability is assumed, the relative in=-

‘crease in slepe-of each terrace remnant with respect te the. younger and
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lower terrace remnants -might reflect a tilting.of the map area, acting

.gradually throughout the perioed of time represented by the alluvial

features, On-the basis. of the. tentative ages assigned ‘to the-: terraces
the.tilting has been ‘active- from:early Pleistocene to’ perhaps.the
present. In a relative sense, the Spanish Breaks.area.may have been

rising-.or the- center.of the Gallatin Valley subsiding.  However, the

-entire map area has been 'structurally downdropped an unknown ameunt

‘relative.to the-Gallatin Range-since. late Miocene.time; therefore, the

logical asgumption would be that the Spanish Breaks area- sheuld have

-subsided with the rest of the Gallatin Valley, perhaps at a.lesser rate

than -the-center of the.véliey.

I1f the t;lt‘mechanism.is accepted, then the . most i;gical place- for
the nerthward tilt to cease.is alqng the Gallatin-Rangeffroﬁt fault,
assuming .that valley margin étructures and the ?ecent tilting are

related. South-of the point where. the tilt .ceases, the terraces should

-essentially parallel each other southward if the eoriginal gradients

' ‘were.not too different. No.detailed work has.been doene:on terraces-to

the south in the Gallatin River Canyon, but terrace:-remnants are-presént.

W. J. McManhis and C. C. Bradley (personal communication, 1963) have

‘noted - shoulders with -coarse  alluvial material at several widely "separated

points.on the flanks.of the.upper West Gallatin River canyon, at approxi-




UM

40

mately ‘350 to 400 feet above - and more or less parallel to the present
river level. Positiens of these-.remnants with respect to.the present
river from Gallatin -Gateway to Dudley Creek, some 25 .miles upstream, in-
‘dicate.the remnants are probably equivalent to the. highest Gallatin River
terrace of the map area (th3).

Further to the south, just north of the Yellowstone Park border near
-the upper reaches of the West Gallatin Rivér, Hall (1961) has-mapped and
described gravels-overlain by flows of rhyolitic tuff that he believes to
.be-Pliocen¢ in age (based on indirect evidence). These.gravels are not
continuous, but appear to be restricted to areas adjacent to and at
approximately 300 to 400 feet above present river. . The description of the
gravels suggests they were deposited by a-fairly large stream-or streams,
possibly "similar to.the present river. Morainal material of two possible
stades-of-glaciation rest on the rhyolitic flows, indicating the ﬁlows
~and underlying gravels-are at leaét'older than sémeﬂof the‘glaciation and
perhaps older than Pleistocene.

These gravel deposits-are critical to:the regional tectonic history
of the Gallatin-Madison Rangé. From the area in which these gravels occur,
the West Gallatin River flows northward through a steep-walled canyon
-1,000 to 2,000 feet deep, .carved for the most part - -in-gneiss, to.the
' Spanish Creek Valley. If the Pliocene (?) gravels are ancestral
Gallatin River.gravels, and if no relative tectonic uplift of the Gallatin

Range~-Spanish Peaks' structural block has occurred between. Pliocene-and the

‘present, then the canyon .must.have been present during Pliocene in‘essentially

its present configuration and since has been modified only by 300 feet of

1
ey
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deepening., .This also would imply that the terraces at- 300 feet above-the
present-river in the.map area <Qt83) are Pliecene (7). in age, However, the
~evidence presented in-this study suggests:pre-Wisconsin (Buffalo stade)
équivalency'for Terrace.No,. 3. On-this basis,-and the coenfiguration of ‘the
- canyon,. the Writer favors relative uplift -of Gallatin-Madison Range -since
-Pliocéne-and the related tilting-of the canyon -mouth area,.,Howeve¥, it should
be .made.clear that this. is.an opinion based on.tentative .datings and indirect

evidence, and as:yet no firm-conclusioen can be stated.

- Pediment :Remnants (ngl): 'Several partially dissected northeast-slopping

-pediment remvénts flank .Terrace No..2 on the west., These .remnants are formed
.on late .Miocene tuffaceous-strata and terminate.toward the northeast at ele-
vations 200 to 400 feet higher than Terrace-No., 2. 1In places, at their
dissected end, gravels.of the-pediments intertongue with deposits:of Terrace
No..3 (thS), The pediments -occur in the area_bet&een the. mouth of the West
Gallatin River canyon and High Flat, -Pediments:of this generation, north

of High Flat, were-either originally of  poor development or have.been |
subsequently-moedified by erosion and have .lost much of their - characteristic
identity., Fall-lines on the pediment remnants.trend northeast parallel

to- present -linear -dissecting .ravines and incised streams and have-an
‘average gradient of 160-200 feet per mile. The surfaces are under dry

land cultivation made .possible by a thin .layer of leess.lying -on the
pediment . gravel, .The gravel may reach a maximum'thickness:ef about 15

feet but appears.ﬁo éverage‘a;few feet in thickness, . The' loess cover

!
varies from O .to about 10.feet in thickness generally being about 1 feot,
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and large areas of the surfaces yield pebbles and boulders upon-culti=-
vation,

Gravel characteristics vary from the-southern to northern pediment
remnants with respect to average grain size and composition. The
southernmost exposed pediment gravel has an average diameter of
approximately 8 inches, though one 3.5 foot boulder was notéd. Most of
the clasts are well rounded and of moderate sphericity. The approximate
percentages of majer rock types represented in the gravels of the southern
-remnants is as follows:

65% basic volcanic-lithologies

107% Precambrian metamorphic-lithologies

10% .Paleozoic .carbonates

10% .Cambrian Flathead. Quartzite

5% blue- and tan chert (probably Paleozoic).

Farther north, on pediment remnants just south of High Flat, (Fig. 8) the
gravel includes approximately 50 per cent basic volcanic rock and 50 pef
cent Precambrian .metamorphic rock, and the average diameter of the clasts
is about '3 inches. Clasts derived from:Paleozoic strata are rare to
absent and silicified wood fragments (probably derivéd from the, basic
volcanic sequence) are common, .The pediment remnants south- of High- Flat
are. at slightly varying elevations. However, there-is no noticeable
difference in gravel type at different elevations.

The composition and position of these gravels,indicate the remnants
are pediments and not tilted river terraces (the'latter might be plausible
-in view of very recent tectonic activity in some areas of southwesfern
Montana). These gravels differ in composition and grain éize from those

>

of the present West Gallatin River and the ancestral West Gallatin
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terrace gravels, Locally ancestral West Gallatin River gravels of
Terrace No, 3 (th3) lie adjacent to and appear to intertongue with the
eastern limits of the pediment gravels, indicating the two were deposited

essentially at the same time.

Fig. 8 View northward from sec, 6, T, 3 S., R. 4 E.,
toward the south flank of High Flat Precambrian bedrock
high (background) and gravel (Qpgl) covered late Miocene
strata in the middleground and foreground. Gravel surface
is near the head of Qpgl pediment system.

The southern pediments are beheaded, and the pediments south of
High Flat in part seem to head in the older pediment (?) gravel deposits
(ngZ)' Figure 9 illustrates the typical relationship between Qpg; and
Qpgy deposits, Composition of the gravel (ngl and ngz) poses a problem,
but this subject is deferred to the following section on the higher gravel

deposits. If the interpretation of Qrgq heading in ng2 is correct, the
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pediments just south of High Flat are essentially preserved in their entirety,
and their original configuration is altered only by longitudinal dissecting
‘ravines,

The age of the Qpg; pediments is not directly determinable from field
evidence. The surfaces may. correlate-with similar pediment remmants
common in many areas in southWeétern Montaﬁa, but no direct correlation
appears possible, TFurthermore, there is no certainty that the highest
and consecutively lower surfaces in one area are contemporaneous with the
.highest and consecutively. lower in adjacent areas, though in many cases
investigators have .made.this assumption. The highest surfaces have been
-considered to be Flaxville equivalents, or called .bench #1 and tentatively
dated as Pliocene, Alden (1953), Horberg (1940). Studies by Bluemle (1962)
and Pardee (1950) suggest that the higher surfaces in areas adjacent to
glaciated terrain are overlain by or contemporaneous with -moraines of un=-
determined Pleistocene stades.

The age of pediment -system (ngl) as suggested by position -and
intertonguing-relationships with Terrace No. 3 is tentatively .believed ta
be-equivalent to pre-Wisconsin glaciation. Other eVidénce which supports
-correlation with some stade-of glaciation, but not ﬁecessarily pre-Wiscon-
-sin,follows:

In.the-map area, course-clasts, a few of which are 2 to 3 feet écross,
indicate the pediments were- cut by stréams with much greater competence
than that of the present-day dissectingAstreams; Also, loess deposits
interbedded with contemporanéous ancestral West Gallatin River alluvial
deposits suggest that at the time of pediment formation.eolian processes

known to occur in periglacial enviromments were in progress (Flint, 1947),
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Furthermore, conditions which appear necessary teo the  formation of pediments
can be associated with periods of glaciation, Many ‘investigaters favor
"lateral planation to explain pediment formation-(Gilbert, 1877;. Johnson,
-1932;. Bluemle,.1962; and many -others). If pediments formed on weakly
resistant sedimentary strata are preduced by lateral stream planation,
extensivg-pediments;mus£ indicate a-pause-in downcutting of the master'
stream which  controls. local base.level of the tributaries. In a-pe?i-
glacial situation, the.master stpeam.carrying abundant glacial melt water
and heavy bedleaded is rarely downcufting (Flint, 1947). Generally the
-stream is either aggrading-or in a reduced.rate of incisien, depending
.on the. local circumstances,

The pediment remnants in question are extensive, and therefore the
.master stream'(the-West Gallatin River) must- not have_been-actively'&own-
-curring. The loess-deposits, the coarse pediment gravels, and the-exten-
-sive'pédiment~suffaces-1ead the writer to suggest.that the pediments.formed
during -a period of glaciatien. .Development during the Pliocene-seems to be
-incompatible with-expected climatic and erosional chénges;that'should have .
-occurred. later during Pleistocene . glaciation, for it is. difficult te |

rationalize-erosion of only 200 feet of material from.local valley areas
and: minor pediment dissection-during the one to~threeJmillion1year
-duration of the-Pleistocene. Basically this minor erosion-is all that-has
happened since the Pediments{formed; therefore, aﬁPléistocene age appears
probable. for the pediments (ngl) and equivalent river terraces (th3).

Y
















































































































































































































