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Abstract:

The southeastern part of the Gallatin valley is primarily a structural basin resulting from a combination
of Laramide compressive forces and subsequent tensional stresses. The basin is partially filled by
Tertiary and Quaternary deposits of fresh-water and eolian origin. Marked differences in lithology aid
in differentiating Tertiary and Quaternary fill material.

Tertiary sediments consist of wind-and water-laid volcanic ash and tuffs interbedded with coarser
fluvial channel deposits. The channel gravels are composed mainly of volcanic detritus, some
fragments of Precambrian quartzite and gneiss, and a minor amount of debris from the Livingston
Formation of Late Cretaceous and Early Tertiary age. These sediments are partially cemented by
calcite. The exposed fluvial material is believed to have been deposited at least partly by westward
flowing streams; a late Miocene age (of deposition) is reasonably well established by vertebrate fossil
evidence. Total thicknes,s and oldest age of these deposits is undetermined because known drilled
wells do not completely penetrate these sediments in the basin.

Fluvial Quaternary sediments consist of rock fragments derived from the bordering basin rim and of
reworked Tertiary detritus. Topsoil may have . been deposited partially by wind.

Tertiary beds generally dip toward the basin rims and several minor normal faults displace these beds.
No deformation of Quaternary deposits is apparent and faults that deform Tertiary strata are (often)
overlapped by Quaternary sediments.

Geomorphic surfaces of several ages are developed on the basin fill. Present drainages appear to be
near grade and are adjusted to master streams of the region.
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ABSTRACT
iy ! .
~“Tie southeastern part of the Gallatin valley is primarily a structural
basin resulting from a combination of Laramide compressive forces and sub-
sequent tensional stresses. The basiniis.partially filled by Tertiary and
Quaternary deposits of fresh-water and eolian origin. Marked differences
in lithology aid in differentiating Tertiary and Quaternary fill material.

Tertiary sediments consist of wind-and -water-laid volcanic ash and tuffs
interbedded with coarser fluvial chatrinel deposits. The channel gravels are
composed mainly of volcanic detritus, seme fragments of Precambrian quartzite
and gneiss, and a minor amount of debris from the Livingston Formatien of.
Late Gretaceous and Early Tertiary age. These sediments are partidlly ce-
mented by calcite, The exposed fluvial material is believed to have been
deposited at least partly by westward flowing streams; a late Miocene age
(of deposition) is reasonably well established by Vertebrate fossil evidence.
Total thickness and oldest age of these déposits is undetérmined: because
known drjlled ‘wells do not completely penetrate these sediments in the basin.

Fluvial Quatérnary sediments consist of rock fragments derived from
the bordering basin rim and of reworked Tertiary detritus. Topsoil may have
been deposited partially by wind, ' :

Tertiary beds generally dip toward the basin rims and several minor
normal faults displace these beds. No deformation of Quaternary deposits
is apparent and.faults that deform Tertiary strata are (often) overlapped
by Quaternary sediments. .

Geomorphic surfaces of several ages are developed on the basin fill.
Present drainages appear to be near grade and are adjusted to master streams
of "the region.
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INTRODUGT ION

Purpose and scope of investiqatién: The primary objective of this
thesis is to present the results of a study and interpretation of the strati-
graphy of Tertiary and Quaternary basin deposits in the southeasf corner of
the Gallatin Valley, Gallatin County, Montana. By'meahs of fossil dating,

I have attempted to accurately establish the relative geologic ages of the
vdrious Qenozdicstratigraphic units in this area. Secondary, but a%so .. -~
criticalcanq comblemenfary objectives, were to investigate structural de-
formation of the'basin deposits and the general geomorphic development'of
the presént topography. ' The emphaéis-is directed towarq phases of Cenozoic
history and thus only surficial discussion of Archeozoic, Paleozoic, and
Mesozoic geology.is given where these data have a direct bearing on the
Cenozoic history_of the area,

The field investigafion was-cdnducted.intérmitfently'between the latter
bart 6f July and fhe.middle of October, 1961, Laboratory work was conducted
doncu¥rent1y with the field work and completed late in November, 1961,

The area of study, approximatély 50 square miles, is represented on the

enclosed map (Plate I). A -further division of the area into subareas of

i l . . . i .
individual geologic and/or topographic characteristics is advantageous in

facilitating'diséussioq herein. These subareas, Bozeman fan, Mt. Ellis fan,
Fort Edlis subarea, and Beacon Hill subarea, are plotted 6n the inéiﬁded
index map CFig; lj. The:names‘Bozeman fan, Mt. Ellis fan,land FbrtlEllis
subafea were previously used by Héqkett and others (1960). .
Geograéhyﬁ ’The southeast corner of the Gallatin Valley is'borderedmon
the-éast’by.thé'southern"extremftydof'ihe Bridger‘Bange'and;adjaéént high-

lands and on the south-by the Gallatin Range.




Major stFeams included within the area are éridger Creek, Sourdough or
Bozeman Creek, Bear Creek and Rocky Creek which combine within the area to
form the East Gallatfn River. The West Gallatin River and Middle Creek are
important streams, located beyoﬁd the west boundary'of the map area, that
are geographically and geologically related to problems associated with the
thesis.area. The reg1ona1 master stream is ‘the Mlssourl River which leaves
the valley at Tr1dent |

The southeastern part of ‘the Gallatin Valley 1ncludes the city of Boze-
man, cultural and commerc1a1 center of the region, and home of Montana State
College. It is also a transpprtat1on hub, being served by two railroads,
.and.is a junction point of north-south and east-west highway systems. - Agri-
culture is the major industry and the region is famous as an outdoor recrea-
tional area..

The climate of the drea is characterized by long cold winters and short

mild summers. Average annual . precipitation at Bozeman is approximately 18

inches (Hackett and others, 1960).

PREVIOUS GEOLOGIC INVESTIGATIONS

Iddings _and Weed (1894) aﬁd Peale (1896) provided the first geolgic
mapping and description of the area. Peale (1896) was first to describe
the'Tertiary basin depogits iﬁ the Gallatin Valley and named them the "Boze-
man Lake Beds'". He believed'fhe Three Forks Bésin in whlch the Gallatin-
Valley is 51tuated was the site of a huge fresh water 1ake Gallatin Lake,
possibly covering an area as greét as 1,400 squaré milesfduring'middle and
late Tertiary time. He gttributeg'basih deposits of this age to stream

transport of locally derived sediments into the lake, settling of volcanic
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4
ash in the lake dqriné voleanic eruptions in the adjoining region, and trans-
port of ash into the leke by sfreams. ‘

In 1903, Douglas described Miocene and Pliecene faunas that were col-
lected in basin deposits elong_the Madison River bluffs ten milee west of
Bozeman. These sediments are lithologically and stratigraphically éimilar
to the deposits in the southeast part of the valley'd&scussed in this pre;
sent paper, ‘

Wood (1933, 1938)i[échu1tz and Falkenbach (194Q¥, aﬁa Dorr. (1956)
described faupas extracted from Tertiary straia near Aﬁceney between the
West ﬁallatin.and Mad}son rivers west of the map area. Maps of Skeels (1939)
and McMann1s (1955) in part overlapped the thesis area and these authors
described structural, tectonic, and stratigrephic features that have a direct
relationship to-the geology of the southeast cornef of the valley. Geologic
structure of the Gallatin Valley wes also described by Fix (1940).

'The name "Bozeman Lake Beds" remained in vogue for many yeare. The
mest recent, but certainly got-the'first, disggreement with Peale's lacustrine
interpretations is co;tained in work by.Hackett-and others (1960), who stud-
ied the geology of the area with referenquto ite relation to enderground
water resources; Robinsoﬁ (1961) published a synthesis of geologic devel-
opment of the besiﬁ.that iecluded resqits of his investigations in the Toston;
Three Fofks area. ahd‘also incorporetedlfesults of mosi of the previously
mentioned investigations as well "’ as other 1nvest1gat10ns in adjacent areas.,

Although the name "Bozeman Lake Beds remalned';n use for many years,
Hackett and others (1960) found evidehce (fresh water lake fossils) of true

lacustrine deposits in the western portion of the basin but concluded that
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the majority of the deposits exposed in fhe bluffs east of the Madison
River, in the Anceney a;ga and easpward, are the result of fluvial and
eolian depositidn on a land surface rather than in a 1akei

.Robinson (1961) generally concurs with Hackeits's conclusions on‘the
fluvial and eqlién origin of many of thé deposits and suggests that v;rious
stratigraphic unitslare deserving of'formational statué and that Peale's
"Bozeman Lake Beds" should be renamed the Bozeman Group¥. However, he did
not formally introduce specific formatienal ﬁames at that time. '

The writer uses terminology introduced. by Hackett and others (196Q) and

Robinéon (1961) .

REGTIONAL GEOLOGY

!

Basin evolution: The southeast corner of'tye.Gallatin Valley is part of an
intermontane basin known as the Three.Forgs Basin (Robinson, 1961). Peale
(1896) attributed formation of the basin to'folding and fauitiné which de-
pressed the basin area with respect to the mountagin fronts and dammed throqgh—,
floWing drainages at the basin mouth. Damﬁing of fhe streams resulted in
formgtion.of lakes in the basin which werezthe deppsitional site of the Sso ~
called "Bozeman Lake:Beds". : ’ - |
Atwood (1916) gelieved‘the intermontane basins of southWestern Montana,
presumabiy including the Three Forks Basin; originated by wérping and some
normal faulting of an Eocene pe;eﬁiain. He ppstﬁ;éted that this strﬁctural
deforhation."defined gréaf,infermbntahe iroughs,'énd determined:the.iocapion
of - the main qrainaée 1inés".(Atwoodr 1916; p. 70?). Enlérgement of fﬁe-

troughs and further development of the bég}ps were the result of streain ero-

sion during-a subsequent degradational-peried. - Lava flows and warping in
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the mountain areas were believed to have blocked drainage exits from the
valleys and basins férming lakes.,

Pardee (1950) attributed the intermontatie troughs and valleys to
depression caused by cfustal movement that also éaused'Oligocene and Miocene
drainage to become slugdish in the erres§ions with resultant aggradation
of the "lake beds". He aiéo éttributed later cessation of deposition and
deformation of the "lake beds".to accelerated local crustal movemenfs that
relatively elevated the present qountains. Thése movements took place during
Pliocene or early.Ple%stocene.

Robinson (i961) éttributes initial formation of the basin to the last
phase of Laramide compressiﬁe forces that'interruped an easfward drainaée
system during middle or laté"Eocene time. This interruption later resulted
in a brief perlod of interior drainage during which a lake formed in the
southwest part of the area and began to ¢ollect sed1ments Fluv1a1_and
Lacustrine agqradatipn continued throughout Eocene and into Oligocene time
and sediments consisting of mountain waste and volcanic ash were deposi%ed.
Resumption of exterior drainage during later Oligocene caused degradation to
bé dominant in the basin until late Miocene. During this erosional phase,
many Eocene and Dligocene deposits were removed.

A partially closed basin may have begun to develop in late Miocene,
probably caused by a néw uplift ef the Bridger Range, and fluvial raggradation
of ash and coarse waste became'dominant inAthé eastern part of ;hé basiﬁ.
During this period of éggradation in the-east, erosion dominated fhe western
part.  Ash deposition ceased and coarse*sedimenf deposifion became dominant

at the end of Miocene time. Rejuvenation of eastward flowing streams also
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occurred. The entire basin was deeply fillgd with sediment by late Pliocene
time forming a gravel plain on the surface; thé drainage remained easterly
but became sluggish. Late Pliocene or ear1y Pleistocene were mark;d by a
reéional upliff with greapest relative uplift along the southern rim of the
basin. "The latéjTertiary plain developed a northwesterly slope, and a
consequent stream system formed™ (Robinson, 1961). A recurrent rise of the
Bridger Range impeded eastward'drainage and the present_MissoJri River.drain—
age system'evolved.

Robinson postulates recurrent eastward tilting of the basin aﬁd a pro-
gressive eastward shift of the depositional center to account for Eocene and
Oligocene sediment dbminating the exposure in the western half of the basin
and Miocene and Pliocene sediments dominating the eastern half. |

The w%iter also favors a general sfructural origin for the southeast
‘corner of the basin, rather than an ero§ional origin, for reasons éiscussed
lafer'in this paper.

Stratigraphy: McMannis (1955) described in detail the stratigraphy of

the Bridger Range, located directly north of the thesis area, The follow-
ing is an adaptation of McMannis® and Robinson's versions of the strati-

graphic units in the area; they are believed to be generally characteristic

‘Q% rocks of the regions in and surrounding the Gallatin Valley.

t
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Generalized Stratigraphic Section

Age Stratigraphic Unit

General Lithology '

Thickness
Feet

QUATERNARY

unconf.,

Valley Fill, alluvium,
gravel fans, outwash and
morainal material

0-300
plus

Late Miocene .
and Pliocene

Fluvial, igneous and quartz-
itic gravels and conglome-
rates; tuffaceous sand-
stones and siltstones; and
pure ash deposits of flu-
vial and €olian origin.

0-1500
plus

disconf,

of ’3©CE_M<>

Early
Eocene

Y

White, tuffaceons, fossil-
iferous, thin-bedded silt-
stones and sandstone, -

0-800
plus

TERTTARY

Epcepe
BOZEMAN GROU.P

| Basal locallized limestone

conglomerate; grades up-
ward into lacustrine, white
tuffaceous limestone, sand-
stone and conglomerate,
which grades upward into
lacustrine and fluvial,
bentonitic clay and sand
grades upward into Qlig--
ocene units,

0-1300
plus .

- unconf

Paleocene

unconf,?—____

? Livingston fm,

UPPER

CRETA-
CEOUS

Coarse conglomerate, some
andesitic sand lenses
Andesitic sandstone, spor-
adic conglomerate beds
Coarse conglomerate, some

andesitic sandstone
Siltstone, shale, “some an-
desitic sandstones and
fresh-water limestones
Andesitic sandstone, an-
desite conglomerates

" up to’
14,500
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Generalized Stratigraphic Seéction

10

Age

Stratigraphic Unit |

General Lithology TThickness

Feet

UPPER

Eagle Sandstone

partly marlne

Salt and pepper sandstone,

100-
600

Colorado fm,

Black shale, rusty gray-
green sandstone and
siltstone, minor gray,
-salt and peper sandstone,

Marlne

1200~
2400

CRETACEQUS ~

LOWER

Kootenai fm,

N
disconf,

JURASSIG

Basal conglomeratic sand-
stone and upper sandstone
medial réd-purple -clay-
stone and shale.,

386-
447

Morrison fm.

Variegated shale and mud-
stone, with interbedded
rusty calcareous sand-
stones

110-
444

Ellis Group

Swift .
. sandstone

+—disconf,

Yellow calcareous ‘sandstone,
.basal _conglomerate or peb—
bly zone.

Rierdon fm,

Massive grey, oelitic lime-
stone, with-overlying
shaly beds,

Sawtooth fm,

Fine- gralned dark- gray lime-
stone, interbedded shale.

: Fragmental limestone with®
chért pebbles in lower
part. Locally at top a *
red- yellow siltstone,

20-
145

PERMIAN

disconf,

‘Phosphoria fm,

At many places a_chert brec-
cia phosphorite nodular
chert, and conglomerate
Zone occurs at this horizoy

26

disconf,
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Generalized Stratigraphic Section

11

Age Stratigraphic Unit|

General Lithology

Thickness
Feet

Quadrant fm,

PENNS YLVANTAN

Pale-yellow to white, pure
quart? sandstone ¢r quartz-
ite, locally calcareous,

A few thin, light-gray
dolomite beds,

40~
165

' Amsden fm,

Uppér. light-gray dolomite

"with some thin quartz
‘sandstone beds,

113~
185

Lower red siltstone udit
with some variegated ‘do-
lomite and impure fossil-

- iferous limestone beds.

11-
189

disconf,

local

Chefty 1imeétpnet' B
Black shaly limestone and
black shale.

171

.disconf.,

UPPER

BIG SNOWY GROUP

MISSISSIPPIAN

Locally red silty beds at
top, .

Red and yellow sandstone or
“calcarenite,

163

Red Siltstone, with a few
" -purple and pale-yellow
splotched dolomites,
Basal dolomite and dolo-
mite or limestone brec-

. cia

100

disconf,

Mission
Canyon fm,

LOWER

MADISON GROUP

Solutien chahnels, caves
at top.’ . | N

Massive, light-gray lime--
stones, solution breéc- .
cias at several horizonjs

430-
950




LN 5 N | S

Generalized Stratigraphic Section

12

Age

Stratigraphic briit

General Lithology

Thickness
Feét

LOWER

)

Lodgepole fm,

MADISON GROUP

Thin-bedded, yellow to red-
stained, fossiliferous .
limestone,

Lower dark-gray, think
bédded, less fossilifer-
ous limestone

750~
810

DEVONIAN(?) |

\

Sdppington fm,

DEVONTIAN

UPPER

2-3 feet black silty shale.
Yellow sandstone grading
-downward- into silty and
 sandstone limestone.
Basdl black shale,

46-
" 99

disconf,

Three Forks fm.

Gray limestone at top-“
Yellow siltstone and
green shale, MWMiddle
.ledge-forming, brec- .
ciated limestone, Basal
evaporite solution brec-
cias, and red and Jrange
nodular limonitic shale.

155-
156

Jefferson fm,

Light- and dark-brown,
thick-bedded dolomite,
dolomitic-limestone, and
limestone, A few inter-
calated yellow and pale
pink dolomitic siltstone
beds., - '

497-
620

MIDDLE
G_ .
LOWER

Maywood: (?) fm,

Yellow mudstones and silt-
stone, thin dolomite beds

Grades upward into Jeffer

son,

Red, blocky siltstone, with
‘réd-stained brecciated
limestone beds in lower
part.

Basal red, fissile shale,

92
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Generalizeéd Stratigraphic Section, Bridger Range, Montana

Age

Stratigraphic Unit

General Lithology

Thickness

feet

CAMBRTIAN

UPPER

1

SNOWY RANGE FORMATION

Sage pebble
conglomerate
member

Fine-grained, thin-bédded
dense limestone and lime-
stone pebble canglomerate,
with .interbédded green
shale,  Basal columnar
limestone, ‘

121-
204

Dry Creek
shale member

Gray-green fissile shale,
with interbedded yellow
calcareous siltstone ard
sandstone,

76

Pilg¥im fm,

Massive light- and dark-gray

mottled, oolitic limestone.
Local reeéfoid development
at base. ,

Thin to thick-bedded, gray
edgewise and flat-pebble
limestone conglomerate
‘'with interbedded green
shale, :

Basal ledge --forming, massive,
oolitic, mottled limestone,

363~
433

MIDDLE

‘Park fm,

J

Green and maroon fissle shalg
with-thin-bedded limestone
unit at top:and, locally;
iritercalatéd conglomeratic,
arkosic limeston and arkose
béds in lower portion,

190~
192
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Generalized Stratigraphic Section,
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Bridger Range, Mortana

Age

Stratigraphic Unit

General Lithology -

Thickness
Feet

CAMBRTIAN

MIDDLE

Medgher fm.

Thin-bedded, dark-gray dense

~ limestone with irterbedded
green shale,

Middle massive dark-gray den-
se limestone with inter-
bedded green and yellow
silty shale.

368-
370

Wolsey fm.

Green and maroon, micaceous
shale with interbedded
micaceous sandstone and
siltstone, Locally con-
tains conglomeratic ark-
osic limestone and arkose.

152-
210

.

Flathead fm. '

unconf.

/

ALGONKTIAN .

Red, pale orange, and white
sandstone, locally quartz-
itic, Locally contains
much feldspar, becoming

arkesic, Conglomeratic
in places.

119-
142

Belt series
(LdHood fm,)

Coarse, massive, poorly
bedded arkoses and con-
glomeratic arkoses, very
cbarse gneiss boulder con-
glomerate in southwest
part of ared. Irterbedded
dark-gray argillite and a
few siliceous limestone bheds
in northern part of ares.

10,000

plus

PRECAMBRTIAN

ARCHEAN? |

fault

Metamorphics

Gneiss, schist, metaquartzite,
marble, injection gneiss,
numerous pegmatite dikes,
and veins.

Approximate total thickness
of section,

27,000
‘plus
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Laramide tectonics: The most obvious structural features of the region

were formed during the Laramide orogeny. The beginning’of compressional
folding took place in la;e Cretaceous tjme and progrgs§ed,'appa;ent1y sporad-
ically (McMannis, 1955), until late Paleocene or early Eocene (Kiepper and
others, 1957). Vulcanism and igneous activity occurred tontemporaneously
with the folding and faulting &nd .was responsible for supplying.vast quanfi-
ties of sediment that was deposited locally as the Livingstqn Formation.

Many writers believe the compressional and tensional forces developed during
the Laramide revolution exploited ancient structural weakness zones in crys-
talline basement rocks and many of the structural trends and featurés of the
region are a result of control by this ancient structural pattern.

Accofdihg to McMannis (personal communicatioq), structural features in -
the\région indicate at least two major directions of relief from apparently
cont%pually active compressive stresses that resulted\ﬁn intermittent fail-
ure as variable rock units adjusted to felieve the compression,

Late Tertiary faulting is indicéped by field évidence and is reported -
by many (McManpis, i955)y Indications of recent faulting are disclosed by
field evidence in the basin west of the West Gallatin'ﬁivér (Martin Mifflin,
pergonal cqmmunicatioh).

. . .
Quaternary events: Glacial activity, during Pleistocene time, occurred

in the éridger Range to the north and was apparently very extensive in the
Gallatin Range to the south (McMénnigfnéérsonal communication)., Effects of |
asSobiated climatic extremes are believed to be very importént in the Quat-
ernary development of landforms throughout the_basin and in the southeast

corner particularly. o

s
o,
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Although no late Quaternary faﬁiting of folding of the sou£h—
eastern basin deposits is evident in the map area, structural deforma-
tion in the region appears to be presently active and this éctivity :
suggests that theurelaxqtjpnal phase of the Laranfide oroéeny, believed

by most writers to be in its waning stages, is still in progress.

éTRATIGRAPHY
Basin deposits of the Bozeman Grouﬁ' exposed in the southeast corner
of the Gallatin Valley consist of fluvial gravels, coqglomerates, sand-
stones, and siltstones. Some beds of nearly pure volcanic ash are also
present, part of which appear to be of fluvial origin and part of which
show eolian characteristicsf
‘ Quaternary deposits-consist of fiuvial gravels, sands, and silts eroded
from pre-Eocene rocks, comprising the rim; of the basin, and/or those reworked
from prexisting Tertiary basin deposiﬁét,'Possibly some finer-grained depos-
its are loess although évidence in tﬁi; part of the bgsin does hot clearly
indicate an eolian origin.

Tertiary deposits: Tertiary sedimeqfs, other than Livingston (Late

Cretacéous4Pa1§bcene)beds, in this area are considgred‘to be a part of the
Boéeman Group after Robinson (1961). Robinson's statement that exposed
Tertiéry rocks of the basin are oldest i? the west and youngest in.the-
castern extremities suggests that strata in the southeast are améng the
uppermost ﬁnits of the Bozeman Group, as yet not formally named., The writer

does not propose a formation name for these beds since it is-assumed Robinson

will soon publish names of the formations comprising the Bozeman Group.
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The Beacon Hill and Fort Ellis subareas (Fig. 1) are underlain mainly
by Tertiary sediments. Well logs (Hackett and others, 1960) indicate the
Bozeman fan and present stream;f}ood plains, mantled by Quaternary gfavels,

i

are also underiain by similar T?iiiary sediments. A wgli Just west of fhe
map area in sec. 22, T.2S.,R.5§.5 penetrated‘to a totél depth of 1,000 feet
wi%hout passing through the base of Tertiary sediments. Well depths in this
area do not exceed the depth of Tertiary fill in any’instance. Quaternary.
deposits apparently have a‘maximum'thjckﬁess of approximately }15 feet and

are underlain by Tertiary strata in every well which passes thropgh Quater-

ary sediments.

Coarse deposits: A.striking charcteristic of the coarse sediments is
their litholdgic composition. Cohglomera£e consists mainly of fine-grained
and porphyritic igneous rocks, quartzite, and graywacke sandstone cobbles.
Aphanitic volcanié constituents include basalt and aﬁdesite; po?phyritic
constituents are mainly andesite, diorite, and gabbro porphyries althgugh
porphyritic granodiorites and granodiérite'porphyries are abundant. More
acidic varieties are also encounterédw Some coarse-grained ignebus material,
including djorite, granodiorite, monzonite ana granite, ﬁre present, The -~
most commonligneous cobbles appear to be andesite porphyry amphibole as
dominant phenocrysts and the'oiﬁg;hwith plagioclase as dominant phehocrysts
(Table 3). '

Precambffan gneiss fragments are sporadically present and very rarely
sandstone, limestone, or other relatively non-resistant rock fragm#nts
representative of Paleozoic or-Mesozoic rocks. The only non-resistant frag-

ments present with any consistency are graywacke or sub-graywacke materials

derived locally from the Livingston Formation.
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Figure 2. Typical Tertiary channel fill overlying tuffaceous sands—exposed
on southwest face of Beacon Hill.
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The cobb}es and pebbles are generally subrounded to well rounded and
exhibit extensive abrasion believed to be the result of a combination of
long and ruggéd stream transport. The greywacke sandstones, derived from
the Livingston Formation, constitute the major exceptipn to this rule and
commonly their shape is angular to ;ub-angular. Size of the coarse material
varies widely incdifferent channels, and boulders up to 2% feet in diameter
are present,

The conglomerates are cemented by-caicite and the majority of the coarse
materials, both consolidated and- unconsolidated, are believed to be stream
channel deposits. Their disconformable contacts withloverlying and underly-
ing strata as well as their lenticular shapes, lack of lateral continuit&,
and relatively poor particle size-sorting support this hypothesis of.origin.
These channel deposits, when reasonably well exposed, djsplay character-
istics that indicate varying directions of channel alignment at the time of
deposition, depending on the'particular bed observed. However, the majority
of the channels display a general east-west alignment. The cobbles in these
east-west channels are éubtly imbricated with an orientation that indicates
a streamltransport direction from east to west.

The coérse—grained sandstones and sands are very similar in composi-
tion to the conglomerates and gravels; they coﬂsist of minerél'fragments as
well as rock fragments, ‘The mineral grains appear to be dérived from rocks
resemblihg the gravels énd conglomerates describe&'aboveJ The sand grains
are angular, a fact which can be attributed to liBeration f?om fhe larger

rock fragments late in transport.and also to frequent crushing by coarser

bed load materials. The coarse-grained sandy mdterial occurs in varying
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degrees of consolidation depending on the amount of calcite cement. It

is generally moderately to poorly size-sorted,

Fine—qrained deposits: The fine-grained san@y ané silty fluvial de-
posits of Tertiary age are composéd mainly’of vplcanic:ash fragments, min-
eral fragments, and fpégments of very fin¢4graiﬁed igneous rock. They are
characteristically very poorly size-sorted, very poorly bédded, and spora-

dically cemented by calcite, Results of microscopic thin section examina-

" tion of these fine-grained sediments shows the mineral fragments to be

mainly quartz, microcline, orthoclase, crypto~crystalline silica, amphibole,
magnetite, andlﬁémafite. ‘The.rbck fragment detritus consists of very fine-
grained, basic igneéus rock which exhibits varying degrees of chemical
weathering. Feldspars generally are altered to clay mi&erals and the ferro-
maggesian miénerals are replaced by magnetite and hematite.

Sedimentary rocks with calcite cement are virtualiy imbermeable where-
as the uncemented sediments are generally highly permeable and appear to
be mainly consolidated by compaction. Volcanic ésh in the uncemented sed--
iments is generally only slightly chemically altered or devitrified. Borders
of the glass shards appear to be sligh%ly sericitized or may be coated by a
very thin layer of detrital clay dust.> Hoﬁever, under crossed nicols, borders
around the shards are distinctively different in appedrance from other clay
siée*materials in the interstices probably indicaﬁing a élight devitrifi-
cation of the glass, or chemical alterafion, rather than a detrital dust

coat., One very fine-gfained specimen:displayed_reiatively advanced devitri-

fication or chemical alteration of the glass shards. -Possibly the greater

exposed surface area of the finer-grained particles permits more exposure
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to atmospgeric conditions résulting in-subsequent faster alterations. However,
in the mgfority of samples examined, the glass shards appear quite fresh and
relatively unaltered.

Calcite cementation of Tertiary sediments‘oécurs sporadically throughout
the sgratigraphic section, Lateral consistency of.Fhe cémentation is dif-
ficult to determiﬁe because of a lack of centinuity of exposures. Cementé-

" tion of the sediments is believed to have occur&ed ét or near the surface. . .
The following evidence is cited to support this hypothesis. The calcite
cemented fine-grained sediments display several interesting characteristics..
The detrital fragments are spatially separated from eaéh other wheréas in
the uncemented sediments they are in contact (Plate 1, Fig. 1&2). This
detrital partical separation apparently results from secondary introduction
of the calcite cement and subsequent force of crystallization of the calcite
which separated the detrital pérticles. Although the detritus waé apparently
forced apart, no obvious célcité-filled fractures exist in the detrital.
particles. - Under a Heavy load of overlying sediment, the increase in volume
‘accompanying the forcgable separation of detrital pqrticles during cry-
stallization of the calcite cement would probably result in significant
lateral and vertibal stresses within the rock., It appéars these siresses
would cause at'least some fracturing of the detrital particles and subse-
quently calcite filled.the fractures. The absence of such fractures in

the thin séctidns studied indicates the calcite may well have been intro-
duced when little overburden material was present above the sediments be-

ing cemented.
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As some of the cemented silts and sands:are at present overlain by

hundreds, and may at one time have been covered by thousands of ‘feet of
overburden, it is suggested that cementation took place shortly after
deposition of these un1ts ‘and before depos1tion of the later sediments.
This type of cementatlon could resrlt from caliche deposition during inter-
' v .
mittent flooding and-ponding of streams in the area with subsequent evapora-
tion of the floodwater and precipitation of the calcite. However, surface
and underground water normally do not contain enough d1ssolved carbonate
to effectively cement deposits .in this manner except in more ar1d climates.
The 1nferred cllmate at thee time of depos1t10n 1nd10ates a mare hum1d environ-
"ment not conducive to concentratlon of calcite deposition byevaporatlon°
The,type of calcite deposition required might result from deposition in
ephemeral lakes during periods of slight ash fall (McMannis, personal commun-
ication). However, no other indications of'a 1acustrine environment are
oresent in the sediments. Therefore, because of conflicting evidence, the
exact process of cementation is not known to the writer,
Othervinteresting characteristics of the fine-grained sediments include
a striking absence of size-sorting among the detrital particles, the pre-
dominahce of angular mineral grains, and only slightly altered, intricately
shaped glass shards. It is not uncommon to observe pebbles or cobbles up
to 2 1nches in diameter included in very fine- gra1ned sand or silt matrices.
This evidence suggests a depositional-environment in which the streams were
clogged uith detritus resulting in a slurry or virtual mud flow.' Heavy

ash falls in the-drainage basins where -the streams originated would overlpad

the streams. The high viscosity of the resulting flow would cause large
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Plate |

Figure I. Photomicrograph in polarized light uncemented,
fine-grained, Tertiary sediments, Beacon Hill Subarea.
Neutral colored background is interstices between grains.
Light colored borders around shards are caused by altera-
tion of glass.

Figure 2. Photomicrograph in polarized light, cemented,
fine-grained, Tertiary sediments, Beacon Hill Subarea.
Light background is calcite cement.
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and small partlcles to be transported and deposzted with little rounding and
exceptionally poor size-sorting. Rap1d aggradation, or v1rtua1 dumplng, of
this material would take place in downstream ba51ns or depre551ons nearest
the source area, The strata thus &eposited would resemble mﬁose in this .
part of the Three Forks Basin. 'Therefore: the writer attributes the origin @ﬁqg

of the fine-grained .sediments to such processes..

Tuff and ash deposits: The Tertiary stratigraphic section contains a

few beds of nearly pure volcanic ash. A four foot, gray ash bed was pene-
trated by a U.5.6.S. drill hole at a depth of 131 feet.in the subsurface
Tertiary beds about 1% miles west of the northwest coaner of the map area

in sec, 34, T.1S., R.5 E. Sporadic pebblesygn the ash indicates these beds
are stream deposited,l,The exact origin of oaher ash beds is uncertain, pos-
sibly they represent exceptionally rapid ash -falls from.volcanic aativity
in. the reéion. =Tha ash beds (Ta on Plate I) in the SW1/4 sec. 10, T.2S.,
R.6E., ara at least.25 feet thick and are deposited in coarse festoon type
cross-beds. The coarse, long sweeping appearance of the cross beds and
their orientation (staeb on the west and approaching horizontal on the east)
suggests deposition by westerly winds: Samples of the ash from various beds
were -analyzed. - Devitrification was very slight in all samples attesting to
the relative freshness of:the'deposits, The shape of shards from all depo-
51ts was very similar and is typlfled by theshapes in Plate 1, F1gs 1 &2,

Other results of these analyses are compiled in Table 1
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) _Table 1 - Volcanic Ash Analvyses

Sample Numbg; n Color Location

7-26-38 1.498 whi te SW1/4 sec.9,T.2S.:R.6E.
7-26-7TA 1.501 white SE1/4 sec.9,T.2S.,R.6E.
7-26-TB 1.502 A yellowish gray SE1/4 sec.9,T.2S.,R.6E.
1-27-168 . 1.510 yellowish brown  NW1/4 sec.10,T.28,R.6E.
7-27-16C 1.506 yellowish gray NW1/4 sec.10,T.2S.R.6E,
7-28-11C 1.510 .  medium light-gray SW1/4 sec.lO,T.2&,R;6E.
9-13-3C 1.502 &.1.506 light gray NW1/4 sec.16,T.2S.R.6E.

The samples 7-27-16 B & C have indices of refraction similar to
7-28-11C and they afe sithated approximately on strike -with each other. A
strdng bossibility exists that they are both part of the same stratigraphic
unit and they are tentatively ‘shown as the same unit (Ta) on the map (flaté?l).
According to other writers (George, 1924 and Heinrich, 1956), indices
of reffaction of voléanic glasses generally range between 1.480 and 1.620.
The low refractive indices and the restricted range of values obtained for .
ash deposits in this area suggests a gross similarity of compbsition éf ash
debosits observed. Although some disagreement exists regarding the rela-
tionship between index of refraction and the relative precentages of var-
ious oxides within the magma from whic?"the glass originated, most authorities
agree a low index of refractipﬂ indicétes glass derived from:a magma high
iﬁ Sin,(bergg,”1924); According;tp,his;tab}eé'the magmas from which_ the-
volcanic ash in- this area was.deriyedwwogld.vary between 68 and 73 percent
_.Sfbg. The -parent magma, or magmas, would pfobably have been quite aéidic,

or more specifically rhyolitic in nature,
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source of Tertiary sediments: Determination ef the source, of Tertiary

sediments is a difficult problem. Many varieties of the porphyries and
basic igneous rocks'are present.in situ in a number of localities in the
region. A southern and eastern source area seems most appropriate in view
of available evidence. The wide variety and large volume of igneous rock
required in the Source area makes the Qrazy“yountain, Upper Yellowstone,
and Gallatin volcanic region the most likely choices.

Several rock.varieties (discussed below) compr?sing the deposits are
d;stinctive but a sea?ch of the Boulder River drainage, Stillwater:area,
Cooke City area, Yellowstone Valley, and the Gallatin, Madison, and
Jeffersoh'drainages failed to provide cohglusive'proof of the source of
ihese rocks. | | ; ‘

Two of the most distinctive réck types in the Tertiary-gravéls of the
southem%‘part of the Gallatin Valiey are described below: one is a basic
porphyry 6onsi§ting of large cream golorad phenocrysts of plagioclase,
commbnly about.% irnch long, enclosed in a.véry fine-grained, black matrix
consisting of ;inefals too fine to identify easily with a microscope (Plate
2, Fig. 1 & 2). Also randomly scattered through the matrix are particles
iden%ified as rock fragments, probably xenoliths; consisting of very.fine~"
grained quartz, orihoclase, and plagioclase. The matrix, which appears to
cdnsist of microiites.and crystallites ; also contains many minute grains
of an_opaque material, apparently mostly magnetite,which appéars to be a
seéondary mineral replacing the matrix. ‘The writer has tentatively named

the rock a basalt"pofphyry because of the overall dark color of the rock -and

identity of the coarser mineral constituents. Fragments of this rock are
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Plate 2

Figure 1. Basic porphyry cobble from Tertiary
gravel, Fort Ellis subarea. Large, light-colored
grains are plagioclase phenocrysts.

Figure 2. Photomicrograph in polarized light basic
porphyry, Fort Ellis subarea. Large grains are plagio-
clase phenocrysts.
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Plate 3

Figure 1. Granodiorite cobble from Tertiary gravel, Beacon
Hill subarea.

Figure 2. Photomicrograph of granodiorite, Beacon Hill
subarea.
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common in the Tertiary gravels and conglomerates in both the Beacon Hill
and Fort Ellis subareas. 0

The other unusual rock type is also present in the same Tertiary sedi-
ments and apparently comprises one to tho percent of the coarse deposits.
In hand specimen it is coarse—grainéd, pink and black speckled and gives the
impression of 'being a pink granifé-(Plate.3, Figs. i.G 2). Howevgr; a Rosi-
wald analysis.of a thin section of this»rocklshowedliﬁ to be.a pink and
b}akc granodiorite according to the classificaiion of Travis (1955) .
Percentages of minerals present are as follows: quartz, 14.72%; orthoclase,
23.90%; plagioclase, 49.37%; ferromagnesians, 9.50%; and opaques, '2.51%.

McMannis (personal communication, 1962) recently observed*ignegus.intrusive
outcrop in fhe‘Crazy Mountains that strongly resembles granodiorite cobbies
in the Tertiary section. John Blaemle (1962) conducted a microscopic com-
parison of this intrusive and the granodiorite cobbles and concluded they
were certainly closely related and very possibly the same. 1If no other
intrusives can be located that are composed of the same rock type, the Crazy
Mountain intrqs;ves must be considered a source material for some of the
Tertiary gravel constituents. The geographic location of the Crazy Mountains,
as a source areh,-further substantiates an east-to-west transport direction
fof some of thé Tertiary material. This is in agreement with other field
evidence,

A comparison was made of the deposits of the thesis aréa with-gfavels
of thé."White Cliff™ Tertiary deposits (Horberg, 1940) directly nofth of
Yankee - Jim Canyon in fhe Yellowstone Vailey. Although these deposits are

coisidered similar in age and other characteristics (dominant igneous
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lithology and wide variety of volcanic constituents) the distinctive rock
types mentioned above are not present in the "White Cliff" deposits.

The writer also méde brief cdmparison of Tertiary gravels of the thesis
area with surface gravgls just west of- the West Gallatin River and ﬁith
conglomerate ienses in the Madison bluffs (Bozeman Groub):south of Logan,
Montana. The results indicated a gross similarity of iithologic constituenps
of the gravels. However, in this comparison, as in the coﬁparison made with
the "White %11ff$f (diépussed earlier in this paper), distinctive differences
in 1itholog§ of the gravels were observed.

" These deperal similarities and specific differences of deposits be—
lieved to be of similar age, suggest to thé writer that drainage into the
basin during Tertiary deposition may have been multidirectional as it is
today but inciuding a majoerest—flowing stream in the map area.

Measured Tertiary stratigraphic section: Tertiary deposits of the

Beacon Hill subarea were measured (indicated on Plate I), .The 2VQ16~foot
éection.is comprised of a monotonous.yepetiéion of channel deposits con-
sisting of gravefs énq conglomérates interbedded with highly tuffaceous,
fine-grained sandstones and siltstones. Seyeréi relatively pure volcanic
ash layers are-also inferbedded. Calcite cémentation of the beds is
sporadic and permeability of the sediments éppears to be 1arg?1y control-

led by the amount of calcite cement present. Descfiption of units and

comments pertaining to the method of measurement are inctuded in Appendix B.
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Fossils_ and age of deposits: Establishing accurate ages for the various

basin deposits was one of the primary objectives oi the investigation. Sev-
eral significant vertebrate fossils were collected in the area and studied
by Edward Lewis, vertebrate paleontologist for the U.S. Geological Survey
in.Denver, Colorado. Besults of this study are included in Table 2 (Ap-
nendix B). Fossil evidence indicates Tertiary deposits in the area are

of late Miocene to early Pliocene age. :

This age is fnrther Suggested.by the following reasohing: Older
Tertiary rocks (Eocene and Oligocene) of the basin.are exposed in the extreme
western part of the region (Hackett and others, 1960 and Rbbinsonr, 1961).
According to the same authorities, the surface exposures of the basin become
progressively younoer in:an easterly direction., The youngest beds defin-
itely dated are the Miocene deposits of the Anceney area about 10 miles
west of Bozeman (Dorr, 1956)7 If tne Tertiary deposits are still younger
farther east, and no evidence was found to indidate they are not, then
deposits of the Beacon Hill and Fort Ellis subareas would most likely be at
least as young as the age stated, or possibly younger,

- Quaternary Deposits: These deposits were mapped by Hackett and others

(1960) as three distinct units: QToa (old stream-laid and fan deposits),
Qf (younger predominantlylalluvial'fan deposits), and Qa (younger predom-
inantly stream-laid deposits). ‘All are unconsolidated at the surface in
the map area. The most distinctive characteristic-of these deposits, as in
the case of the Tertiary deéosits, is their lithologio composition,N Many-of
the gravels contain rock fragmentS'that appear to be materials reworked from

the Tertiary deposits by downcutting streams. However, all contain abundant

—7
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Precambrian gneiss and Tertiary basalt fragments , and/or distinctive,
relatively éoft rocks rebresentative of Paleozoic and Mesozoic strata
present around the rim of the basin. Many of these relatively "soft"
rocks have persisted through distances of more than five miles of stream
transport, This fact is significant because the softer constituents are
absent in the Tertiary qravels énd conglomerates. Most of these Quater-
nary'surfacé deposits cén be traced up present drainages to their source.

.The age of two gravel deposits in‘the map area is uncertain, and
they may be either Tertiary ar‘QuaternaryT A stream terrace about 40
feet above and north of the éresent East Gallatin River drainage is com-
poged of gravels that overlap the steep Tertiary bedrock -slopes in the
southern extension of the Beacon Hill subarea. These gravels, although
Quaternary in.gross appearance, closely resemble those present in the
Tertiary deposits, but contain fragﬁents of pre-existing Tertiary conglome-
rates anq sandstones. They are unlike gravels of the East Gallatin River
floodplain adjacent to this tefrace, The East Galiatin,:along this portion
pf its course édjacent to the Tertiary sediments, also contains some reworked
Tertiary materiél, and Paleozoic and Mesozoic constitueﬁts derived from
tﬁe Rocky Creek and Béar Creek drainage. This evidence suggests:therterrace
may 'be considerably oldér‘than present floodplainé; at le;st the differences
in lithologies indicate a differenceih-source;materials available during
the time the terface gravels were deposited, S

A related gravel was examined in a gravelhpit ih NW'1/4 sec.'16, T.2S.,
R.6E. 1t occlirs directly south-of the East-Gallatin floodplain at a slightly

higher elevation than the previeusly discussed terrace and contains similar
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reworked Tertiary gravels. It was originally believed to represent a terrace
matching the one previously discussed, just north of the East Gallatin River.
However, it is overlain by a thin layer of pure volcanic ash (sample 9-13-3C,
Table 1) and the ash deposit is overlain by definite Quaternary gravels

(Fig. 3). The volcanic ash overlying the gravel of questionable age appears
very similar to ash deposits of the Beacon Hills subarea, dated as Tertiary.
Therefore, the age of the underlying gravels may be Tertiary even though
they strongly resemble gravels of possible early Quaternary age (previously
mentioned) that overlap the Tertiary escarpment directly north of the East

Gallatin River floodplain.

Figure 3. Gravel exposure south of East Gallatin River showing strati-
graphic sequence of gravel and ash beds.

"A" - Reworked Tertiary gravel.
"B" - Ash layer.
"C" - Quaternary gravel.
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Loose gravels mantling the surface of the Beacon Hill subarea are con-
sidered to be reworked Tertiary sediments because of their litholody; they
are-therefore classed as Quaternary'lag gravels. They are not shown on the
map because they are relatively thin.
Gravel exposures were carefully examined in an attempt to différenti—

ate Tertiary and Quaternary deposits on the basis of lithology. A statis-

tical analysis, for which 50 cobbles and pebbles were randomly selected,

was made in 21 critically situated gravel deposits. Percentages of the
rock types present were then calculated. These percentages are not volume
percentages since size of the pebbles and cobbles varied widely; and
resuits are only intended to give a rough approximation of the types and
quantities of various constituents present in the gravels. Results of this
sampling a¥e compiled in Table 3, Plate III. These resﬁlts indicate marked
differences in fhe lithoelogy of various gravel units and thése differences
are thé basis for differentiating Tertiary and Quaternary deposits.

A significant igneous rdck fragment was observed in the Quaternarf
exposure GR-5 (Plate I & Table 3). It'isagfanité-porphyry containing
many very coarse-grained orthoclase phenocrysts. Its striking appearance
would render it easily recognizable in outcrop or in stream gravelé. If

found elsewhere in the future it could provide valuable information on the

.source of some of the gravel deposits.

Summary of Cenozoic Stratigraphy: _.Coarse Tertiary sediments in the
area consist mainly of porphyritic and other volcanic igneous rocks, quart-
zites, and graywacke sandstones. Most of the detrital particles are very

hard, resistant, and rounded indicating a combination of long and'nigorqus

|
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transport, and many of the fragments are.unusually coarse; Streams that
transported such sediments must have been very competent. The aggradation
of these sediments is believed to represen; a nornal tendency of the streamsv
to build a steeper gradient in the basin bhereby providing higher stream
velocities and adjusting stream eompetence to sufficient1§ move the avail-
able sediment load. |

Imbrication indicates than at least the local direction;pf transport
was from the east or-southeast, A possible and likely source area that
could furnish material of the type described is the volcanic reglon of
Yellowstone Park, the Crazy Mountains, and the Gallatin Renge. The.gray-
wacke sandstones apparently were locally derived from the east.

Fine-grained Tertiary sedinents are lithologically similar to the

y

coarse Tertiary material in the Bozeman Group; they contain vast quan-

tities of slightly altered Voleanie ash and are poorly size-sorted. They
indicate deposition by ash choked, aggrading streams. The fresh condition
of the shards suggests relatively rapid burial and protection from atmos-
pheric and percolating water, and other weethering processes. ‘Calcite
eementation‘brobably oecurred near the surface as sediments were being
deposited.but.the'exact process of cementation is-not'understood,

The'presence ef‘nearly pure ash deposits interbedded nith‘other Ter-
tiary sedimentS'suggests periodic ash falls over the region; the ash was
then reworked by stream and wind action., Analysis of the:indices of refrae~
tion of giass.shards spggests the_esn was derived from fhyolitic magmas;

Queternary sediments, characteristically different -in lithology from

Tertiary sediments, were derived from both reworked Tertiary deposits and
. |

.
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erosional products of basin rim bedrock. The general increase in part-
icle angularity approaching thermountain fronts that is apparent in these
deposits supports'this hypothesis.
No loess deposits are present in thepmap area, but farmland inithe
northern pért of the Fort Ellis subarea may be partially covered by this
type of . material.

Recent lag gravel deposits are developing at present on the Beacon

Hill subarea surface.

STRUCTURE
Thrust fau}ting and tear faulting in the southeast corner of “the ‘basin
(Plate I), adjacent to Bear Canyon, suggest multiphase-release from com-
pressional forces. Edst-west compression would account for the north-south
imbricate thrust pattern developed in Paleozoic and Mesozoic formaﬁions.

These thrusts are further cut by a northwest-southeast aligned tear fault .
that probably indicates relief from a force couple initiated by continued
compressive forces. The overturned Paleozb%c and Mesozoic Strataiinvolved

in these thruét plates suggests that they may mark the margin of an over-
turned énticlinal uplift. The West flank of the uplift either has Been:s
subsequently removed by erosion or down faulfed by normal faults now obscured
by basin fill. TIf the Latter is true, this anticlinal flank, or parts of

it may now form part-of the basin floor.

The Bridger Creek-Bear Canyon fault: A major northwest trending fault

i's indicated along the west flank of the Bridger Range. It was referred to’
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by McMannis (1955) and Hackett and others (1960) as the Bridger Creek-Bear
Canyon fault. Seversl springs mark the general trace of the postulated
fault. ‘
The Tertiary strata in the Beécon Hi}l subarea stfike approximately
north and dip 2-7 degrees east toward the mountain front where they appear
to terminate against the postulated Bridger Creek-Bear Canyon fault. How-
ever, directly adjacent to the-féult, the strata are covered by Recent lag
gravels. This general eastward dip is also indicated in the eastern three-
fourths of the Fort Ellis subarea, althpugh suitable putcrops to determine
structural attitude are very scarce. Seﬁeral cobbles in the gravel, iith—
ologically similar to those contained in the Tertiary conglomérates, were
found in topographic depressions northeast of the fault, This suggests that
L if the fault is a normal tensional fault with the west block downthrown,.as
is postulated by McMannis (1955) and Hackett and others (1960), later Ter-
tiary or reworked Terti?ry deposits‘may have overlapped the upthrown east
block. The exact trace of the fault plane at the surface is now obscured hy
lag gravels mentioned under "Quaternary deposits".';Faulting may also have
isoléteg'pfevioésly overlapping Tertiary stiments on the upthrown{blockf
However, vegetative growth patterns (alignsd parallel to exposed d{pping
strata to the west) near?the top of south facing slopes of the Beacon Hill
subarea are visible about a hundred yards west of the faylt line. Their
alignment suggests>épersistence of the gradual east dib of'the Tertiéry
‘straté into the fault. This evidence suggests to the writer thét ﬁhe
Tertiary strata now preserved'west of the fault were actually deposited

prior to the final significant vertical displacement of the fault and any
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Tertiary sediments deposited iater as a. stratigraphic overlap of the fault
have since been eroded and no definité evjdence of them. remains.

The combination of dip of the strata and the ilmbrication of the gravels
also supports the hypothesis of depositien prior to faulting rather than,
simply a stratigraphic onlap relationship. Age of tHe Tertiary gravels
and direction of sediment transport suggests most recknt movement on the
fault to be of post-late Miocéne age.

Structural relationships between Tertiary strata and the front of the

Gallatin Range: Structural attitudes in the Tertiary strata of the extreme

northwest part of the Fort Ellis subarea differ from those of the Beacon

Hill subareé. The strike here is approximately east with a general 12

degfee south dip. This attitude is generélly persiétent to about the middle
of the east border of sec, 19, T.2S., B.6E., as indicated on the~map (Plate I),
Attitudes of the Tertiary beds are obs§ured.to the south along the west

facing Sourdbugh Creek escarpment;

The gentle southward dip of Tertiary strata along Sourdough Creek
toward the Gallatinf Range.is analogous to the gentle eastward dip of
Tertiéry strata toward the postulated Bridger Creek-Bear Canyon fault
(bordering the front of the Bridger Range) of the Beacon Hill subarea.

The writer accepts this analogy as evidence sudgesting presence of a

buried fault betweén mountain front and basin along the n&rth front of the
éallatin Range. Hackett and other (1960) did not'map a fault contact be-
tween baéin:deposits and older rocks comprising the front of the Gallatin
Range. He mapped a stratigraphic contact where the Recent gravels are in

contact with the very'old rocks that form the mountain front. The writer
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was also unable to discover evidence that would aécurately indicate or locate
a fault along this front so the dotted stratigraphic map.contact of Hackett
was retained because of lack of evidence as to the exact location of a fault,
However, McMannis (personal’ communication, 1961) has observeq Tertiary strata
dipping gently into the mountain front directly adjacent to the Gallatin
Range a short distance west of the map area. This evidence also strongly
suggests a major fault separating basin and range along the ﬁorth front

of the Gallatin Range.

Significance of deformed Tertiary strata: The geometric relationships
of the Tertiary strata discussed above are suggestive of late Tertiary (or
early Quaternary) relative subsidence of this part of the basin causing

the Tertiary strata to dip toward observed or postulated normal faults

that border the mountain fronts. Restoration of the Tertiary strata to

a horizontal attitude is impractical since even approximaté location of the
hinge line is unknown. The extent to which basin deposits covered the basin

rim before faultlng is equally difficult to imagine since Jet d1splacement

\. VS "’~
A

of the fault and thg extent to which erosion had planed down Mésozoic and
Paleozoic rock formations around the rim at this time is unknown. The
thickness and dip of the measured stratigraphic section indicates strati-
gréphic displacement on the fault is greater than 1,500 feet. Seismic
information on the nature of the basin floor adjacent .to the mountain
fronts might provide more precise data on the stratigraphic displacement
along the faults and theréby remove some of the éomplications of restor-

ing paleo-topography. Possibly the Tertiary deposits extended as far east
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as the Yellowstone Valley, or maybe they never reached the top of the basin
rim--one can only speculate in the light of present knowledge.
The change jn'attitude between the Tertiary beds along Sourdoudh
Creek, thé Beacon Hill subarea, and those exposed in the first major
ﬁorth—south incised gully east of Sourdough Creek is obécured by Quaternary

alluvium, The change may be related to faulting but there is no evidence

to support such a conclusion.

Faulted Tertiary depoéits: Two definite fault zones were observed
within the.Tertiary sediments. The observedlfaults are shown on the map
by dotted lines since they are visible only in eroded facgs and the dir-
ection and extend of their traces-is speculative. Displacements are
small.,

_ Dne of the fault zones is in the SW 1/4 sec. 7, T.25., R.6E. At
lea;t three east-trending faults are visible on which apparent displace-
ments vary from less than a foot to a maximum,o£ five feet. The south-
efly two are relatiﬁely upthrown on the soufh. fhe fault farthest to
?he north shows the opposite displacement (Fig. 4).

The other fault zone observed displaces beds in the ash deposit-
located in SW 1/4 sec, 10, T.2S., R.6E, Two faﬁlts are expoged in an
excavétion and both appear to strike in a northeast direction. Both
have their southeast blocks upthrown relative to the northwest blocks.

The eolian ash and disconformably overlying fluvial sand and gravel

deposits are all cut by the faults (Plate 4, Figs. 1 & 2),

b1
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Figure 4. Faulted Tertiary deposits along Sourdough Creek. Coarse gravel
deposits at top of exposure are underlain by highly tuffaceous sands and
silts. Note that present erosion is exploiting the less resistant sediment
exposed along fault planes.

Although the faults of both zones appear impossible to trace, examin-
ation of trends on the map suggests they]lmay both belong to the same system
and may be interconnected. The amount of relative displacement on the ash
bed faults appears to be slightly greater than on those along Sourdough
Creek.

Albert E. Roberts of the U.S. Geological Survey (personal communication
to McMannis, 1961) reported finding a west trending fault with considerable

displacement that cuts across the northern end of the Chestnut Mountain anti-

cline east of the map area. He suspects this fault intersects the Bridger
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Qreek—Bear Canyon fault near the north central boundary of sec. 14, T.2S.,
R.6E. At that pqint a small, light colored, very fine-grained igneous
intrusive is exposed. Further projection of that postulated fault trend
in a westerly direction neariy coincides with the observed fault zone
exposed along Sourdough Creek. Therefore, the Sourdough fault zone may
mark the éxtremitfes of the above mentioned fault oﬁ Chestnut Mountain
anticline. In the Iight of present knowledge and’bécause,pf the lack
of more cqnérete evidence, the writer has no definite conclusions on the
interrelationshipslof the fault zones discussed.

Summary of Structural features: Early Laramide compressional forces

were instrumental in influencing development -of the southeast corner of
the basin. Two phases of relief of compressional stress“are suggested by
fault patterﬁs in this area. Normal tensional faulting, erosion, or a
combination of both apparently contributed to developmenf of a depression,
including the map area, that subsequently served as a depositional site
for Tertiary sediments. However, structure is favored by the writer as
the primary influence on-basin development,

Structural attltudes of Tertlary strata and thelr relation to the
mountain fronts bordering the basin suggest a phase of normal faultlng that
further relatively dropped the floor of the basin in this area. Some of
this late Cenozoic faulting may be the vesult of reburrent movement along
previously established fault planes as postulated by McMannis (19‘55,‘p°

1426-1427) .
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Figure 1. Normal faults in crossbedded Tertiary ash deposits, Beacon
Hill subarea.

Figure 2. Normal faults in crossbedded Tertiary ash deposits, Beacon
Hill subarea
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No faults are observed'cutting Quaternary deposits in the southeast .
corner of the valley, which is in agreement with the findings of McMannis
(personal communication) and this apparently restricts the latest signif-
icant structurallmovement in the southeast cornér of the basin to pre-Recent

time,

GEOMORPHOL OGY
The characteristic geomorphic features in the map area are the planar
topographic -surfaces, alluvial fans, and present stream drainages. No

glacial features are.visible in the valley but strong evidence of glacia-

-tion is present directly south of the map area in the Galiatin Range.

Loess deposits, which may be the result of a periglacial environment, are
preéént in several locdtions in the valley, however, the writer saw no
clearcut loess deposits in the map area,

Surfaces: Surfaces in the area can be grouped into five major cate-

.gories; 1) the westward sloping surface north of Bridger Creek; 2) the

northwest sloping surfaces of the Beacon Hill subarea, hefeafter known as
the Beacon Hill.surfaqes; 3) tﬁe gently northward sloping.surfacein the
Fort Ellis subarea, hereafter known as the Fort Ellis surface; 4) the gen-
tly northward sloping Bozeman fan; and 5) the genfly slopiné floodplains
of the pfesent major drainages.

Surface north of Bridger Creek: The surface north of Bridger Creek

appears to be underlain by Tertiary sediments (GR-12, Plate I and Table 3)
capped by Quaternary gravels probably derived from the Bridger Range to the
east. Only one exposure of the underlying Tertiary sediments is present

along the north side of Bridger Creek Valley and the structural attitude
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of Teftiary strata is obscure. _The presently developed surface slopes west
and is everwhere lower than the adjacent Beacon Hill surfaces south of Brid-
ger Creek. It may represent a west sloping-allhviated surface cut during
late Tertiéry time that connected the Gailatin Valley and the Bridger Range
at some stage in their development. It is at pfesent overlapped by a Quat-
‘ernary:alluvial fan derived froﬁ the Bridger Range and graded to a base
level deterﬁined-by a preﬁious drainage system in the valley.. The fan ter-
minates about 50 feet abbve the présent East Gallatin:RiQer floodplain,
McMannis (1955) ;qggests’the pedimented Tertiary surface may be a continu-
la;ion of the north gloping Beacon HilIﬁsurface immediately gouth of‘Bridger

Creek. However, only one very restricted outcrop of Tertfary material is

I
i

exposed and the extensive Quaternary cover prevents more precise analysis.

, St W '
Beacon Hill surfaces: The well developed surfaces located in the

western part of the Beacon Hill subarea are belieVed to be cut.exclusively
on Tertiary strata. Two of'these surfaces, with simiiar slopes buﬁ dif-
ferent elévations, are separated along an intermittent drainage (Fig. 5). .
The marked difference in elevation, sharplj defined at the western mafgin'
of'the.subarea, decreases eastward along the valley separating them where
the planar appearance of the surfacés bécomes:obspured by the rodgh topo-

' graphy. Possibly a.faglt along the intermittent stream valley offsets
the:surfaces. However, no definitive evidence was found 'in the area of
the suspected fault trace. Lag gravel caps on>b0th surfaces resemble
graﬁels'of underlying Tertiary strata. ~if the surféees aré offset by ero-
sion, the cutting was probably not stratigraphically controlled since bed-

ding is sharply transected. No definite conclusions can be drawn on the
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Figure 5. View eastward toward the Beacon Hill subarea from Highway 10.
Note smooth planar erosion surfaces.

basis of available evidence. However, the Quaternary lag-gravel caps
lithologically are unlike other Quaternary gravels in the area. This leads
the writer to conclude that these surfaces represent the oldest remaining
erosional surfaces in the map area. They appear to have been isolated (by
means discussed later) from the remainder of the area and were consequently
reasonably well protected from the extensive erosion that cut and developed
more recent lower surfaces.

Fort EIllis surface and Bozeman fan; Tertiary strata underlying the
northern part of the Fort Ellis surface, with the exception of rocks exposed
along the east bank of Sourdough Creek, have the same general structural
attitude as those of the Beacon Hill subarea. However, the roughly planar
surface developed on these strata, although transecting bedding as in the
case of the Beacon Hill surfaces, slopes gently northward and terminates

about 50 feet above the south edge of the floodplain of the East Gallatin
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River. The southern part of this surféce is overlapped by Quaternary de-
posits apparenfly laid doWn by streams originating in the Gallatin Range
to the south. 'As a result the surface is concave upward in its southern.
extremltles and abuts sharply aga1nst the mountain front along the north
slopes of Mt, Ellis and is capped by Quaternary gravels Wthh become more
angular toward the;'mountain front. The overall appearance suggests a pedi-
mented surface cut on Tertlary strata that is now part1a11y overlapred in 1ts
southern part by Quaternary sediments comprising the Mt. Ellis fan (sections
A*-A and B-A, Plate IV),.

The surface. is now moderately gullied by intermittent seasonal streams.,
Although the northern part of the surface.isiappareqtly cut on Tertiary bed-
rock, the gravels in the gully bottoms include Péleozoic and Mesozoic mat-
erials similar to the type that could have been derived from bedrock rimming
the basin to the squth, as well as intermixed reworked Tertiary materials.
These may have been derived from Tertiary deposits along thé gully banks
and from bedload matérial of the Mt. Ellis fan area during seasonal flood
rundffr |

One important deposit of Quaternary type gravels is-perched'on the
surface at the top of the east bank of a major northward draining gully
in the SW 1/4 sec. 15, T.2S., R.6E. The deposit comprises a foﬁographi—
célly high point on this part of the surface and at present is being quar-
ried for aggregate. Lithologically it 6onsists of rock ranging in agenfrom
Prééambrian thru.Mesozoic;'most of the constituents are presently répresented
by bedrock outcropg directly to the south along the ‘basin rim. -Sample .CR-S

(Plate I) from this locality was analyzed and the results are compiléd in
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Table 3 (Plate IiI). Its high iselated position and distinctive lithologic
character aroused speculation that it may be an erosional outlier of an
older Quaternary alluvial fan that formerly completely mantled the Tertiary
surface. |

ihe Fort Ellis surface appears to be an eastward extension of the Gooch's
Ridge surface (west of and outside the map area). The latter is a topograph-
ically high surface cut on Tertiary bedrock. This surface slopes northwest-
ward away from tne mountain front between Middle Creek and South Cottonwood
.Creek. L1nes drawn generally coincident with the 5 000 foot contour lines
on both surfaces are smoothly. arcuate ‘and concave toward the mountain front.
An eastward extension of the arc drawn on. the Gooch's R1dge surface and a
westward extension of the arc on the Fort Ellis surface intersect as a phan-
tom above the present Bozeman fan. The single resultant arc may define the
3, GOO foot contour on a restored surface cut on Tertiary strata. A repeti-
tion of the above operation performed on the 5,200 foot contour yields simi-
lar results. This reconstructed surface,-of which onIy the end portions
remain partially intact, appears to have had rts centrallpart cut away by
degradingwnortnward flowing streams in the southern part of the Bozewan
fan. Composition of:surface gravets indicates the Bozeman fan is Quaternary
while those of the Fort Ellis and-éoooh‘s'Ridge surfaoes more neariy'resemble
Tertiary; Both the older restored-surfaoe and the Quaternary fan appear.to
be thelresult of grading of surfaces extendrng from the Gallatin Range-
front northward into'the valley that were controlled by master.dratnage

patterns of the basin or the drainage exit. from the basin,
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Investigation of shoulders developed on tﬁe mountain front rimming the
southern and southeastern part of the valley failed to disclose evidence
that basin fill had ever extended up to the elevatién of the shoulders.,

Rock fragménts present on the shoulderé Were:angular fragments of bedrock
derived ih situ from strata rimming fhe basin,

The Mt. Ellis fan is a striking feature of the present topograph& and
its relationshipltp the Fort Ellis surface is significant in the Cenozoic
histqu of the area. Tt consiSté of Quaternary débris that apparently over-
laﬁs buried Tefliary strata and agbears tohspill out over the gently north
sloping Fort Ellié surface bélow. Whether it was built by‘continuously flow-
ing major'streams, or is mainly the result of surféce creep.aided by gravity
on the steep slopes is uncertain. The writer fa&ors deposition by major
flowing streams to account for the great volume of debris, but no drainages
of sigﬁificance are now prégéhf 0n the fap. Limestone Qreek:may have been
one of the important dfaiqages'that bnce éontributeq tofthe aggradation of
the fan, howevér, it apparently was diverted to a course paralleling the
: mountéin front at some-stage of f@n development, as is the case with many.
streams contributing to fan aggradation'(JéhnéonL 1932). After its west-
ward djveréioﬁ, parallel to the mountain front, it became entrenched and is
now ‘a tributary to Soﬁrdough Creek on the Bozeman fan,

The origin.of the Mt. ﬁllis fan remains an'unsblved broblem'iﬁ the
mind of theawriter and a lack of good exposures thét woﬁld disclose -its
true relationship -to the.Fbrt Ellis surface restricts hope of any solution

in the near future.




Figure 1. A northward view of Thesis area from the Gallatin Range. Part
of the Mt. Ellis fan is visible at right center.

Figure 2. Tertiary beds of Beacon Hill subarea—showing their gentle east-
ward dip.
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Present major drainaqes of the area: Sourdough Creek is now entrenched
along the east margin of the Bozeman fan. 1In conjunction with Middle Creek,
it appears to be the major drainage responsible for the cut and fill re-
lationships resulting in development of the fan. Changes in sediment -to-
runoff-water ratios during Pleistocene and Recent time were probably the
factors that governed the cut or fill conditiens of the stream. Fluc-
tuating climatic conditions strongly inflnenced these factors.‘

The role of Bocky Creek, Bear Creek, and Bridger Creek in influen-
cing present basin tOpography présents interesting possibilities, .The
Beacon Hill subarea, as mentioned‘earlier,-appears to be isolated by ero-
sion from the Fort Ellis surface and the surface north of Bridger Creek
At the time of development of the Beacon Hill surfaces whlch slope northward
and ‘northwestward, Rocky Creek may have been developing into one of the maJor
drainages of the area. Bear Creek, or an an01ent‘re1ated drainage was prob-
ably also active at the time. Rocky Creek,,by supérposition or extensive
headward erosion, cut Rocky Canyon through the Chestnut Mountain anticline°
During this more active downcutting stage it entrenched itself along the
present course just west of the mouth of'Bopky Canyon andiisolated the
Beacon Hill subarea from the Fort Ellis subarea.

Bridger Creek to the north may also have been concurrently isolating
the Beacon Hillrsubarea from- the surfaces north of the creek. This re-

sulted in preservation of its previously developed surfaces and shielded

/

them from deposition‘of'abundant fragments of Precambrian, Paleozoic, and-
Mesozoic rock -that comprise the.younger Quaternary gravels in the remainder

of the map area.
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Summary of ﬁeomorghic'conclusions: Major planar surfaces in the southern
part of the Gallatin Vdlley appear to have been graded from the neighboring
mountain fronts to some level in the basin. The ultimate limiting factor
ih.location of previous base levels was the status of.development of a--drain-

age outlet from the basin, The rock barrier thrbugh which the Gallatin

‘River flows at Logan, at_tﬁe.north side of Gallatin Valley, was probably

influential during the latter part of the basin®s history and may have been

. the centrolling factor of surface development in the southeast corner of

the valley. !
Surfaces. believed to be the oldest pediment remnants héve relatively

steep north-northwest siopes and appear graded from a high basin rim to a

base level in the valley that was probablymmuch higher at the time the sur-

. faces were developed than is the preseht base level.

Later pedimented_surfaces'along £he éouth margin of the area are more
gently northward sloping and may have been essentially graded to the basin
master st;eams and ultimately to the basin exit.

_Evidence of several stages of éggradation-and degradation is present
on the:Bozeman fan. Well data gn the map indicates Quaternary fill gradu-:
ally thins northward away from the mountain ffoﬁt, This is suggestive of a
structural trap caused by tilting of.the basin toward the mountain front,

‘Evidence suggests the Fort Ellis pediment may onée have been to£a11y
covered by Quaternary graveis and later'exh.umed°

Majof-drainages'appeér to be'eésentialiy:aﬁ grade but the possibility
exists they may ﬁot be since agricultﬁfél development of the valley resulted
in much interference with the normal dnaingge systems, and their true state

of development is thus further obscured.
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GENERAL SUMMARY OF" GONCLUS IONS AND GEOLOGIC SEQUENCE GF EVENTS

-..._._‘.»’ (e

Preliminary structural condlplgns”ﬂeveloped and set the stage for in-
itiation of the evqlutlon/6} the basin, These developments were prlmaré
Cretaceous time and continued into the early Tertlary. Apparently sev-—
eral d1rect1ons of relief resulted in complexly folded and faulted
Archean, Pa1e0201c, and Mesoz01c rocks. Vulcanism became prominent
early in the Laramide and continued_sporadica}ly into the Cenozoic Era
practically to Recent time. Many of fhe rocks that make up'the basin
deposits were derived from these igneous products.

Tenéional‘streéses were activatedlthat may have marked relaxation of
the compressive forces. These stresses accentuated the relagive uplift
and collapseuof varigus parts of the region, and probébly marked the -
major stfﬁctural development of the basin. Erosion and_deposition
were-active'processes'during both the compressional and tensional
stress stages further aiding in the evolution of ‘the basin.

The topographic depression created as the basin sank sefved as a trap

for material being carried into the basin; these sediments consisted of

"pyroclastic debris that was being erupted'in the region and rock fragments

that were eroded froﬁ neighboring highlands. - The erosfonai produéts depos-
ited in the southeastern part of the basin consist mainly of igneoﬁs mat-
erial, resisfant sedimentary ahd metamorﬁhic rpcks,iand loqaiiy, less
resistént gra&wackes'of;the‘Liyingston Formation. The'size'oflthe coarée
detritus indicateé'deposition by competent streamé~and the generally -

resistant nature and rounding of the detritiis indicates a long transport

I
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distance. The softer, more angular Livingston fragments were appar-

.en%ly-being derived from areas much nearer the basin proper than the

more resistant constituents. Periodic clogging of the streams with
debrés, mostly volcanic ash, is believed to account for the tremendous
quéntities of fine-grained sediments deposited in the basin. The
erratic cementation of parts of the deposits'are believed to have
occurred shortly after, or possibly concurrentlijith deposition,

Deposits of nearly pure volcanic ash are also interbedded with the

-Tertiafy strata. These deposits probably originated by gravity set-

tling from the atmosphere,.stream aggradation, and eolian processesl
The age of these Tertiary deposits as indicated by stratigraphic and
paleontologic evidence is late Miocene and possibly eafIy Pliecene.

Recurrent mevement along&faults bordering the southeast part of the

| basin apparently caused the Tertiary strata to be tilted toward the

mountains that form the basin rim. This later faulting probably oc-
curred very late in Tertiary time (post late-Miocene) or early in the
Pleistocene since the Tertiary strata are affected but the late
Quaternary deposits are not,

Following was a period of pedimentation of Tertiary during which the
surfaces.were graded from the adjacent mountainbfronps to a base lefel
controlled by basin.drainage exifs and/or master stream drainage in the
basin.. Concurrent with this qegradatiénal period, or shortly after,
more minor faulting occurred that may have resulted from differential
s#ttligg of the basin deposits; possibly if was controlled by deep

seated faulting in the basin floor.
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6. Pleistocene time was characterized by cycles of stream aggradation and
degradation undoubtedly influenced by fhe fluctuations of climatic con-
ditions of the time. Many of the pedimented surfaces present in the
valley today may have been formed or modified during this iime

7. Continuing 1nf1uence of stream actlon during late Plelstocene and Recent
tlme is evident in the development of present floodplains and the dis-
section of previously pedimented surfaces. No evidence of major struc-
tural deformation during this period is,appafent in fhe southeast part
of the basin, although present structural activity, including normal

faulting in the Hebgen Lake area, continues elsewhere in the region.

SUGGESTIONS FOR FUTURE INVESTIGATIONS

The paucity of good exposures in this part of the basin éeriously
limits the amount of specific coﬁcldsions that can be derived by standard
surface geologic methods. However, many clues to basin history may pos;
sibly be revealed by extensive investigation of the bordering mountains to
the east and south. Many geomorphic, stratigraphic, structural, and general
geologic problems may be solved by critical investigation of these-édjacent
mountain ranges and the remaindexr of the Yalley.

Subsurface information from this portion of the valley is deficient.
Well logs compiled by the ﬁ,S. Geological Survey (Hackétt.and others, 1960)
are useful but in no instance were wells drilled deep enough to penetrate
bedyéck below the level bf-basin deposits. - Several test.holes drilled
througﬁ basin sediments along the ﬁountain front and ‘a few drilled in the

central part of the basin would provide-dinvaluable information on thé
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mechanics of basin evolution and true depth of the fill. Seismic studies
may also yield information on the shape of the basin floor and structure
of the underlying bedrock.

Seve}ai of the igneous constituents compfising the Tertiary gravels
and conglomerates are veryldistinctive’rbck types and careful observétion
of igneous bedrock in the surrounding region, espec?ally to the'?ast,
southeast, south, and southwest, might more accurately disclose éource
areas of the materials making up the Tertiary sediments. Many of the
igneous constituents of the gravels are typical rocks of the region. Many
could have originated in severél localities around the basin, However,
several particular types ére very distinctive therefore easy to recognize.
Familiarity with the gravels descriﬁed and careful observation of bedrock
in the region might disclose the source areas for some of the rocks com-
prising the basin gravels and greatly.qid in further reéconstruction of
ancient drainage patterns into the basin thus providing critical informa-

tion on the basin's depositional history,
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Appendix A

Measured stratiqraphic section in the Beacon Hill subarea

The described measured section consists of a composite section resulting
from a stratigraphic strip-log and visual field matching of six partial.mea-
sureéd sections (Plate I).

Measurement of the partial sections was'accomplished us}ng a home made
Jacob's staff. A general north-south strike and an average five degree east
dip were assumed. The'fesulting total measured thickness (2,016 ft.), ob-
tained after matching the six partial sections, is considerably greéter than
a calculated thickness (1,460 ft.) using dip of strata, map distance, and
difference in elevation. The disagreement in thickness is prdbably largely
the result of'attemptjng to trace beds of laterally varying thickness, and
perhapé in part to mismatching of.ﬂ1e composite sections,

Noté: Top of section removed by erosion. Uépermoétvmeasured.beds apparently

abut against the Bridger Creek-Bear Canyon Fault. For location of section
see map (Plate I). '

Unit . -Description Thickness
L, Cover....ooo.. s .,.....,J...,.; .............................. 315°

2. Gravel, unconsolidated; composed mainly of sub-rounded to vaunded
pebbles and cobbles of volcanic and porphyritic igneous rock,
quartzite, and graywacke sandstone, Vertebrate jaw bone fragments
(sample number 9-5-1) were extracted from gravels similar to this,
and ‘believed to be the same unit, to the south (see Plate I)...  20°

4. Ash, non-calcareous, gray, fine-to medium-grained, very friable;
well developed festoon cross-bedding. Ash deposit is disconform-
ably oqverlain by fluvial gravel deposits and fine-to medium-
grained, poorly size-sorted sandstones. Fossil bone fragments
(sample number 7-28-11le)folindulodse, on .surfaceofthe-fluvial
depositstoferlying the “ash.uA vertebrate tooth (sample.number-
16-1-1) was found in place in beds mapped as a northward expo-
sure of this unit (see Plate T).....v.eeeenvuoneoencncansnonnss 25°




10.

11.

12,

13.

14,

15.

16.

wl il

i

Limestone, sandy, tuffaceous, very light gray, very fine-to
coarse-grained, poorly size-sorted, poor}ly bedded, impermeable.

Glass shards appear unaltered in thin section and constitute
approximately 30% of the rock; very fine-grained.calcite cement
constitutes approximately 65%; and the remaining 5% is composed

of mineral fragments (quartz, feldspar, amphibole, biotite, mag-
netite, and hematite€) and very fine-grained igneous rock fragments.
The detrital fragments are slightly cerroded by the calcite
CemeNnt.....oiveveonoccannnnnnns et e e eeasaenseetnetetoate e 30°

GO BT s v et e consoneunnoncseoeonocaosoneonenesssnssnnons e o soen. 50°*

Cover-appears to consist at least in part of sandstone, very
tuffaceous, non-calcareous, tan, fine-to medium-grained, poorly
size-sorted, friable, permeable., Glass shards constitute ‘ap-
prozimately 80% of the rock, dust and very fine-grained matrix
approximately 10%, and the remaining 10% is composed of mineral
fragments (quartz, feldspar, amphibole, magnetite, and hematite)

and very fine-grained igneous rock fragments................ oo 68'_

Sandstone, very tuffaceous, non-calcareous, tan, fine-to medium-~
grained, poorly size-sorted, poorly bedded, permeable....... ve 2"

Cover.......... eecacans e e et so ot a e 30°

‘Conglomerate, calcareous, gray; composed mainly of pebbles and

cobbles of aphanitic volcanic rock and porphyritic igneous rock,
quartzite, and graywacke sandstone. Conglomerate is lenslike in
form and disconformably overlies a coarse-grained conglomeratic
SANASTONE . 4o vt vttt onoeaeenonenoennenennenneoneenneneensneeneens 5°

GO BT . sttt e ioeononeerononeneunconeneoaenonnoens feeoeeotreees 87’

Sandstone, calcareous, gray, coarse-grained to conglomeratic,

poorly size-sorted, poorly bedded; contains fragments .of quartz,
feldspar, amphibole, magnetite, fine-grained basic igneous rock

V(T R T 5°

Cover....vuvu... e e et et ettt ettt it 23°

Sandstone, highly tuffaceous, non-calcareous, tan, fine-to medium~
grained, poorly size-sorted, poorly bedded, permeable. Sand also
contains a minor amount of mineral frgaments (quartz, feldspar,
amphibole, magnetite, and hematite) and fine-grained basic igneous
TOCK FragMent S, vu s e v ionsnononneueocoeeneconeneanoesooesnnnas 20°
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17,

18.

19.

20,
21,

22,

23.

2.
25,

26,

60

Conglomerate, calcareous, gray. Sub-rounded to rounded pebbles
and cobbles are composed mainly of basic volcanic and porphy-
ritic igneous rock, quartzite, and graywacke sandstone........ 10°

Conglomerate overlain by a sandstone sequence grading upward
through the unit from non-calcareous to highly calcareous.
Conglomerate is calcareous, gray, and composed of sub-rounded
to rounded pebbles and cobbles of basic volcanic and porphy-
ritic igneous rock, quartzite, and graywacke: sandstone. The
sandstones are fuffaceous and also contain mineral fragments
(quartz, feldspar, amphibole, magnetite, and hematite), tan,
vary from fine-to cearse-grained, poorly size-sorted, poorly
bedded. Glass shards and other detritus are only slightly
altered&in non-calcareous zones but are highly corroded around
particle borders by calcite cement where it is present........ 85°'

Conglomerate, calcareous, gray. Sub-rounded to rounded pebbles

and cobbles of the conglomerate are mainly composed of basic
volcanic and porphyritic igneous rock, quartzite, and graywacke
SANASTONE .. v ittt terornnnnennncseonsooonnns Ceresrrertscacaennn 5°

Cover-probably same material as unit 21 below............ eee. 200

Tuff, contains concretionary calcareous zones, tan, mediums

grained, poorly size-sorted containing some pebbles, poorly

bedded. Pebbles are volcanic igneous rock fragments. Tuff

also includes sand grains of various minerals (quartz, feld-

spar, amphibole, and iron oxidé€)........euevevvmvmnnnnnnnnnnn. 37°

Tuff, non-calcareous, gray, medium-grained, poorly size-sorted,
containing some pebbles, poorly.bedded. The pebbles are volcanic
igneous rock fragments. ..o eeeeeeeeeeeeeoonnnnnnnnnnnnnnnn. 3*

Sandstone, tuffaceous, fine-to medium-grained, -contains calcar-

eous -concretions-intermittently interbedded with conglomerate
lenses. Conglomerate is calcareous and composed of sub-rounded

to rounded pebbles and cobbles of basic volcanic and porphyritic
igneous rock, quartzite, and graywacke sandstone......... ““aeees .20°

Cover--probably silty, tuffaceous sandstone.;............ esaes 20"

Conglomerate, calcareous, gray, poorly-exposed. Sub-rounded to

rounded pebbles and cobbles are mainly composed of basic volcanic
and porphyritic igneous rock, quartzite, and graywacke sand-
0 L 45°




37.

28,

29,

30.

31.

32.

33.

34,

35.

{138 L ) e

61

Sandstone, contains mineral fragments (quartz, feldspar, amph-
bole, and magnetite) and fragments of fine-grained, basic -

igneous rock; tuffaceous, gon-calcareous, tan, fine-to medium--
grained, poorly size-sorted, poorly bedded, permeable.........

Conglomerate, calcareous, gray. Contains sub-rounded to rounded
pebbles and cobbles that are mainly composed of basic volcanic
and porphyritic igneous rock, quartzite, and graywacke sandstone,
Interbedded with sandstone, calcareous, gray, composed of quartz,
feldspar, magnetite, amphibole, and fragments of basic, fine-
grained igneous rock, coarse=grained...............ovonenn....

Ash, pure, white (one foot thick) underlain by fine-grained
sandstone’. (about two feet exposed and bottom contact not vis-
ibleé). Ash is overlain by a similar . .sandstone (about five feet
thick) that is disconformably overlain by unit 28.............

Conglomerate, calcareous, gray; composed of sub-rounded to
rounded cobbles that are mainly composed of volcanic and por-
phyritic igneous rock, quartzite, and many fragments of gray-
wacke sandstone of angular shape that are noticably larger in
size than the igneous and quartzitic rock fragments. Inter-
bedded with sandstone, tuffaceous, slightly calcareous in iso-
lated zones, very fine-to fine-grained, poorly size-sorted,
poorly bedded, 'impermeable. Contains many fragments of min-
erals (quartz, feldspar, amphibole, magnetite, and hematite),
and fragments of very fine-grained, basic igneous rock........

Sandstone, identical to that described in Unit 35 except that
this unit is cemented with calcite iniplacesS..oveenenennnnnnn.

Conglomerate, calcareous, gray; rest disconformably on sand-
stone of unit 35; interfingers laterally with lenses of sand

and silt, Sub-rounded to rounded pebbles and cobbles are mainly
composed of basic volcanic and porphyritic igneous rock, quartz-
ite, and graywacke SandstoNe...........eveevveeenerennnnnnnns.

Sandstone, tuffaceous, .non-calcareous, tan, very fine-to fine-
grained, ‘poorly size-sorted, poorly bedded, permeable.. Devitri-.
fication and-alteration of the glass shards appears to be moxe
extensive in this unit than in-other comparable units., Glass
shards compose the majority of the detrital particles (65%) but
mineral fragments are also present (quartz, feldspar, amphibole,
magnetite, and -hematite) and fine-grained igneods rock fragmehts
as well as extremely fine-grained clay and dust matrix (20%)...

15°

720

55°

94"

15°

15°

47
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36.

37,

38.

39..

40,

41,

42,

43,

44.
45.

46,
47,

Conglomerate, calcareous, gray. Sub-rounded to rounded pebbles

and cobbles are mainly composed of Basic volcanic and porphy-

ritic igneous rock, quartzite, and graywacke sandstone........ 7°
Cover--probably very fine-grained sandstone or siltﬁtone ...... 18°

Conglomerate, calcareous, gray. Sub-rounded to rounded pebbles

. and cobbles are mainly composed of basic volcanic and porphyri-

tic igneous rock, quartzite, and graywacke sandstone..,........ 12*

Siltstone, tuffaceous, highly caledreous, very light gray, poor-
ly size-sorted and containing fragments ranging down to very finer
grained sand size with a few coarse-grained ‘fragments, poorly
bedded, impermeable. Glass shards and other detritus (quartz,
feldspar, amphibole, magnetite, hematite, and fine-grained ig-

.heous ‘rock fragments) are corroded around their borders by the

calcite cement. The detrital fragments are separated by the
caleite cement.....uieeevnnnnnnrennnennnnnnn .., enresena. 25°

Gover........... e ettt et e, 29°

Sandstone, tuffaceous, non-calcareous, grayish.tan, very fine-

to fine-grained but also contains some medium-grained particles,
poorly béddéd, exhibits good permeability. The glass shards

have slightly altered borders, probably slight sericitization,
and-display.a wide variety of shapes in thin section varying :

from straight needles to intricately cusped forms............. 12¢

Siltstone, non-calcareous, tuffaceous,yyellowish tan, exhibits
subtle, local bedding in microscope thin section as locallized
swirls that may be the result of depositional -eddy currents,

Very slight alteration of the glass shards borders is interpreted

as slight sericitization, Other detrital constituents are quartz,
feldspars, amphibole, magnetiteé, and iron oxides. Approximate -
composition. of the siltsone: glass shards, 70%; other detrital
particles, 10%; and clay size matrixX, 20%..........0vounn..... 15°

8L 18°

Conglomerate, calcatreous, sandy, gray; sub-rounded to rounded
cobbles and.pebbles are mainly composed of basic volcanic and
porphyritic igneous-rock, quartzite, and graywacke: sandstone,. 5°

Cover--may consist of sandstone described in unit below,....... 75°
Sandstone, intermittently calcareous, light brown, very fine-
to fine-grained, poorly size-sorted, poorly bedded; upper and
lower contacts not visible......viuveeeurenuenrnnnnnnnnnnnn.. 10°




"63

48. Conglomerate, calcareous, gray; contains sub-rounded to
rounded pebbles of basic volcanic and porphyritic igneous
rock, quartzite and graywacke sandstone. Interbedded with
unconsolidated sand and gravel that consist of quartz, micro-
cline, plagioclase, amphibole, magnetite, and fine-grained,
basic igneous .rock fragments,........ Ceteretesteeceeantaonaans 15°

49, COVeTooronoenoeoes 0 0 e e e e o0 e na oo e oo e neeoeon e eeeaneneeseas 94°

50. Sandstope, calcareous, light brown, coarse-grained, sub angu-
“tar grains, poorly bedded; detrital partictes are composed of
quartz, microcline, plagioclase, amphibole, magnetite, and very
fine-grained, bhasic igneous rock fragments........... ceserecas . 5°¢

51. Conglomerate, calcareous, gray, particle size varies from fine-
grained sand to four inch cobbles; unit contains interbedded
sand lenses. Sub-rounded to rounded cobbles and pebbles are
mainly composed of basic volcanic and porphyritic igneous rock,
quartzite, and graywacke SandstoNei........eeeeecocesvoeseenn, 62°

592. Sandstene, tuffaceous, very calcareous, light gray, very fing-

to fine-grained but ‘cont@ains some coarse-grained mineral and

rock fragments, poorly bedded; contains zones of calcareous
concretions that weather in positive relief. Approximate com-
position; calcite, 60%; glass shards, 20%; mineral and igneous
rock fragments, 15%; matrix consisting of dust ‘and clay-size
Fragments, ). .. ceen e ittt e e e 53°

Note; Bottom of section obscured by Quaternary deposits of the East
Gallatin River and the Bozeman fan.

4
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APPENDIX B.

Table 2

Fossil Samples

Sample Number Descriptien ' Location
7-28-11e Vertebrate jawbone (?) unidentified SW 1/4 sec. 10iT.QS.qR,6E.
9-5-1 - Vertebrate jaws (fodenﬁ)——brobably
. of Recent age. NW 1/4 sec. 15,T.2S.,R.6E,
9-14-1 , Vertebrate tooth--Merychippus sp. -
| probably of *late Miecene age NW 1/4 sec. 8,T.2S.,R.6E.
10-3-1 ‘ Vertebrate tooth--tentatively

identified as Camelid of inter-
mediate genns and species, very .
possibly of same age as "9-14-1" "NW 1/4 sec. 10,T.2S.,R.6E..

Identifications made my Edward Lewis, U, S, Geological Survey.
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