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Mv8438
Mv8441

MVB442

Mv8443
*UWABB67

Section 4,
T10N, RSE

Section 8,
TION, RSE

Section 5,
T10N, RSE

Rhinocerotid

/Megoreodon grandis

cf. Meniscomys
Paleocastor sp.
FPaleolagus sp.
Megoreodon cf. M grandis

Niglarodon koerneri

Nigiarodon koernerr

Pacrculus montanus

Paleolagus hypsodus

¥*probably same locality as MV8438

Mv8433

MV8434

Mv8440

Mv8445

UWAS867-1A*

UWA5867-1B

RABBIT CREEK FAUNA
cf. /Megoreodon

Cyclopiadius simus

cf. Megoreodon
Diceratherium sp.
Testudo cf. 7. osborniana

Gregoromys dqouglassi
cf. 7estudo

cf. Megoreodon

Niglarodon progréssus
Niglarodon blackr
Proscalops intermedius

Niglarodon /oneyr
Gréegoromys sp.
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Proscalops sp.
Promylagaulus montanensis

Section 1, Monosaulax cf. M hesperus
TON, R4E+

*probably same locality as MV8445
+probably same locality as MVB8434

EAST SPRING CREEK FAUNA

MV7361 My lagauius sp.
MV7364 Merychipous seversus
My /lagaulus

cf. Chalicotheridae
Rhinocerotid

MV7365 Iylagaulus sp.
cf. Merychyus
cf. Chalicotheridae

MV7366 Iy/lagaulus sp.
Merychippus seversus
Dromomeryx sp.
Carnivora
Tortoise

MV7374 Merychippus sp.
MV8436 Merychippus cf. /M seversus

Mv8432 Camelid
cf. Merychyus

UWA 5867-2* Mesoscalops montanensis

%1t is likely that MV7365, MV8432, and UWASB67-2 are the same locality.



species which have been collected and identified from that given area and
particular time (Monroe, 1976). For this study, the given area is the Smith
River basin and the particular time is a North American Land Mammal Age.

Oreodonts were not used as evidence for most of the age assignments of
the local faunas in this report. Despite the work of Schultz and Falkenbach
(1968) and Lander (1977), many taxa that have been collected from the Smith
River basin have not yet been chronologically arranged in a logical manner.
For example, two different species collected from the same locality as
reported by Koerner (1940) are assigned two different ages (Late Whitneyan
and middle Arikareean) by Lander (1977). In fact, in most instances, ages
‘assigned to the Smith River oreodonts by Lander do not correlate with the
suggested age of their associated local fauna. It appears that Schuitz and
Falkenbach, and Lander, assigned chronologic ranges to many genera and
species without a clear understanding of the stratigraphic framework in the
Smith River basin.

The following descriptions and correlations of the local faunas defined in
this study are presented in ascending chronologic order.

Beaver Creek Local Fauna

The Beaver Creek local fauna is represented by a single specimen (UM8939
Archeotheriumct. crassum) collected from locality MV8444 near Beaver
Creek (Plate ). The following age assignment of this local fauna may be
subject to change following future collecting at this locality.
Age and Correlation

At the species level the assignment of UM 8939 to Archeolherium
crassum is tenuous. However, the specimen is complete enough to definitely
rule out any previously described Whitneyan or Orellan species of
Archeotherium. Peterson (1909) and Savage and Russell (1983) classify A
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crassum as a Chadronian form. Until more specimens can be added to this
local fauna, it is tentatively assigned to the Late Chadronian.

Additional evidence that supports a Chadronian age for some taxa is
found in Scott's (1893) report of Caenapus and Poebrotherium from the
Smith River basin. These two genera, and Archeotherium are reported from
the well established Late Chadronian Pipestones Springs localities in the
Jefferson River basin. They are aiso reported from the Late Chadronian age
strata in the Helena-Townsend basin (White, 1954), (Freeman, Ruppel, and
Klepper, 1958).

Whitetail Deer Creek Local Fauna

The Whitetail Deer Creek local fauna includes three localities which have
produced seven specimens, four of which are identifiable to the specific
level and useful for age identification. These localities are clustered in a
region two miles south of Whitetail Deer Creek (Plate |).

Age and Correlation

Paleolagus burkers is a species known from the Orellan and Whitneyan.
Based upon the postexternal to anterointernal elongation of the trigonid in
this specimen, a Whitneyan rather than Orellan age is suggested by Dawson
(personal communication, 1984).

Eumys brachyoadus (= Eumys eliensis) and Néga/agus dawsoni suggest a
Late Whitneyan-Earliest Arikareean age for localities in section 28, T 1IN,
RSE. Rensberger (personal communication, 1985) has collected many
specimens of £umys from several localities near Whitetail Deer Creek.
£umys is known only from the Orellan and Whitneyan in North America
(Savage and Russell, 1983). This confirms a Whitneyan or Late Orellan aged

local fauna from the strata in this region.
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Crabtree Local Fauna

The Crabtree local fauna is composed of sixteen localities which have
produced twenty five specimens identifiable to the f amily level. These
localities are located primarily along the course of the Smith River (Plate |).
Previous work in the Smith River basin indicates that nearly all exposures in
the southern Smith River basin are age correlative with either the Crabtree
or slightly younger Rabbit Creek local faunas.

The sediments that produce both the Crabtree and the Rabbit Creek local
faunas are highly fossiliferous and often produce well preserved and
relatively complete specimens. The majority of specimens collected from
pre-Barstovian age strata in the Smith River basin over the last one hundred
years appear to have been from these sediments.

The Crabtree local fauna is distinguished from the Rabbit Creek local
fauna by the presence of Paleo/agus Paleocastor, and Niglarodon koernerj
and the absence of &Gregoromys and the more progressive aplodontids
Nrglaroaon progressus N black and N Joneyi
Age and Correlation

The following chart shows that the genera in the Crabtree local fauna
show closest affinities with the local faunas of the Cabbage Patch lower and
middle strata (Rasmussen, 1973) and the faunas of the Sharps‘F ormation of
South Dakota (J.R. MacDonald, 1970) than with the local fauna of the Cabbage
Patch upper strata and the faunas of the Gering Formation of Nebraska
(Martin, 1973) and the Monroe Creek (J.R. MacDonald, 1970) (L.J. MacDonald,
1972) and Harrison (J.R. MacDonald, 1970) formations of South Dakota (Table
2). This correlation leads to an assignment of early Early to late Early

Arikareean Land Mammal Age for this local fauna.
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Table 2. List of mammalian genera from the Crabtree and Rabbit Creek
local faunas compared to their reported occurrence in the Cabbage Patch
lower (CPL), middle (CPM), and upper (CPU) strata, and the Gering Formation
of Nebraska (NG), and the Sharps (SDS), Monroe Creek (SDM), and Harrison
(SDH) formations of South Dakota. Modified from Rasmussen (1973).

Crabtree

local fauna CPL CPM  CPU NG SDS SDM  SDH
Paleocastor.................... X X X
Nothocyon........................ X X X
Paleolagus....................... X X X X
Niglaroaon...................... X X X X
Eutypomys.................. X X X X
Leigymys................ X X X X X
Megoreoaon..................... X X X
Pacicuius........................ X X X X
Rabbit Creek

local fauna

Cyclopidius.....................

Drceratherium................. X X X X X
Gregoromyss................ X X
Niglaroaon....................... X X X X
Proscalops....................... X X X X X
Promylagauiis............... X
Monosaviax...................... X X
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The Rabbit Creek Local Fauna

The Rabbit Creek local fauna is composed of sixteen specimens collected
from seven localities near Spring Creek, Rabbit Creek, and Thompson Gulch
(Piate 1).
Age and Correlation

Comparison at the generic level shows that the Rabbit Creek local fauna
has more genera in common with the local faunas of the middie and upper
Cabbage Patch strata and the faunas of the Sharps and Monroe Creek
formations of South Dakota than with the local fauna of the Cabbage Patch
lower strata, or the faunas of the Gering Formation of Nebraska and Harrison
Formation of South Dakota (Table 2). The presence of &Gregoromys at two
Rabbit Creek local fauna localities and Rensberger's (1981) suggestion that
Niglarodon loneyi N black] and N progressus are age correlative to the
upper Meniscomys and \ower Gregoromys-£ntogyctys concurrent range zones
of Oregon (Rensberger, 1981) indicate that this local fauna cdrrelates more
closely with the local faunas of the upper and middle Cabbage Patch strata
and fauna from the Monroe Creek Formation rather than the fauna of the
Sharps Formation. This correlation leads to an assignment of early Late
Arikareean Land Mammal Age for this local fauna.

Spring Creek East Local Fauna

The Spring Creek east local fauna is composed of eight localities from
which sixteen specimens identifiable to the family level were collected.
Seven of these localities are clustered just north of Newland Creek (Plate 1).
it is in this geographically small portion of the northern Smith River basin
that | believe nearly all of the previously collected Barstovian taxa were
collected. Post Arikareean age sediments are not nearly as extensive as
reported by Koerner, (1939) but may be present as thin, isolated sections
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such as the one that produced Merychippus seversus (MVB436-UMB922) in
the extreme western portion of this study area (Plate I).

The sediments that produced this local fauna are extremely fossiliferous.
Less than sixty meters of section of post-Arikareean sediments are exposed
in the northern Smith River basin, and yet a study of faunal lists of previous
workers shows as many specimens collected from these strata as from the
much thicker section of Arikareean and older sediments.

Age and Correlation

Based only upon specimens collected for this study, the Spring Creek east
local fauna is assigned a Late Hemingfordian to Late Barstovian Land Mammal
Age. /y/agaulus and /Merychippus first appear in the Late Hemingfordian.
Oromomeryx ast occurs in the Late Barstovian (Tedford and others, 1985).
Since | collected no specimens that differentiate Late Hemingfordian from
Barstovian age, a more precise assignment cannot be made.

A compilation of the lists of specimens collected by previous workers
suggests that the Spring Creek east local fauna is, at oldest, early Late
Barstovian. Scott (1893) and Matthew (1909) both collected proboscideans in
the basin. Proboscideans first appear in North America in Late Barstovian
time (Tedford and others, 1985). Unless Scott and Matthew collected their
specimens from a still unreported Barstovian locale, it is very likely that
the Spring Creek east local fauna (given the very thin section that produces

it) is Late Barstovian in age.
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CONCLUSIONS-PALEONTOLOGY

A compilation and interpretation of previous paleontologic work in the
Smith River basin (commonly referred to in the older literature as the Deep
River beds) gives the erroneus impression that the unconformity within the
Tertiary strata separates underlying strata that range in age from Early
Arikareean to late Early Arikareean, from strata that range in age from Late
Hemingfordian to Early Barstovian. | contend that the strata underlying the
unconformity actually range from Late(?) Chadronian through early Late
Arikareean and the strata above the unconformity are earliest Laie
Barstovian in age. Previous work seems to have been biased by the dominance
of exposure of rocks of Arikareean age. They are highly fossiliferous and
exposures are readily accessible. On the other hand, outcrops of Chadronian
through Whitneyan aged strata are poorly exposed,
isolated, and relatively unfossiliferous.

Barstovian strata in the Smith River basin are not nearly so extensive as
reported by Koerner (1939) or as indicated by the large number of Barstovian
taxa collected by previous workers. ignoring biostratigraphic evidence,
Koerner incorrrectly mapped Barstovian strata throughout the basin, when, in
fact they are present only at the very localized areas of Spring Creek and
near the Camas Creek fault (Plate I).

The chronologic range of strata suggested by previous workers (e.g.
Koerner, 1939, Schultz and Falkenbach, 1949) was anomolous when compared
to the range of strata in other basin fill sequences in western Montana. The
revised range interpreted for this study shows that the age-range of strata,
and chronologic position of the unconformity in the Smith River basin closely
correlates with that of other basins in western Montana, especially that of
the Helena-Townsend basin (fig. 2).
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STRATIGRAPHY

Introduction

The Tertiary strata in the northern Smith River basin range from
flat-lying to dips up to five degrees to the southeast as part of a large,
northeast striking homocline. Cumulative thickness estimates range from
900 to 1200 meters (3000-4000 feet) but are not precise because of
possible variations of the dip where strata are not exposed.

It is impossible to lithologically correlate individual units or bedding
sequences except at a local level within the basin because of the dominance
of massive bedding, uniformity of lithologies, absence of marker beds, and
isolation of exposures. No single criterion or combination of criteria can be
used to separate the Tertiary strata in the Smith River basin into members
or facies. Exposures of strata of Barstovian age appear to have identical
lithologies, sedimentary structures and interpreted depositional
environments to the exposures of strata of Arikareean age. Deposition of the
strata upon an irreguilar topography further complicates physical correiation
and compilation of composite sections between scattered exposures.

For ease in description and interpretation, the thick section of strata is
described in chronostratigraphic sequence. Vertebrate fossil
collections, all with good or excellent locality data (see paleontology
section), enable an accurate delineation of the chronologic sequence of
strata in the northern Smith River basin. The strata are divided into five
ages: (1) Late Chadronian; (2) Orellan through Whitneyan; (3) Early
Arikareean; (4) Late Arikareean; and (S) Barstovian (figure 3). Strata of each
of these ages are individually described and interpreted.

The chronostratigraphic divisions are lithologically indistinguishable, and
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although there are local differences in depositional processes and there are
minor differences in lithology between each age, the strata are very similar
throughout the basin and any lithic differences are subtle and gradational.
Therefore, these five divisions do not represent mappable units.
It should be noted that the Late Chadronian and most of the Orellan and
Whitneyan age strata were observed and mapped on only a reconnaissance
~scale. More paleontologic and stratigraphic work on these strata is needed
for a complete description of the entire section.
DESCRIPTIONS AND INTERPRETATIONS
Late Chadronian
Strata of Late Chadronian age are exposed near Beaver Creek (figure 3).
The bedding attitudes (3-5 degrees southeast) and geophysically determined
depth of the strata (Gogas, 1984) indicate that the strata of Late Chadronian
age do not extend to any other regions of the basin. Because of this limited
lateral extent and the characteristically poor exposure of Tertiary sediments
in this portion of the basin, interpretations of depositional processes are
tenuous, as are'sequential relationships with the younger strata to the east
and south.
Description
Strata of Chadronian age are dominated by tan to white, very fine silt to
coarse silt packages. Composition of these silts is eighty percent devitrified
glass shards with whole, unaltered glass shards and voicanic rock fragments
comprising the remaining twe‘n'ty percent. Matrix supported, angular,
fragmentary clasts of pre-basin rock and red, blue, and yellow pumice clasts
up to two centimeters in diameter are fairly common.
Bedding in the Beaver Creek area is distinct, and is possibly better
defined than anywhere else in the basin. Thin to medium, tabular beds of
20



clast free silt and claystone comprise more than eighty percent of the
exposed section. Interbedded with the clay and silt beds are medium to thick
tabular to elongate lensoidal beds of coarse silt and sand exhibiting thick
(20 centimeters to .S meter) sets of high angle planar and tangential
cross-beds, and thin planar laminations.
Interpretation

The rocks of Chadronian age exposed near Beaver Creek appear to have
been deposited by fluvial processes. The thin to medium bedded, fine-grained
units probably represent overbank deposition, and the coarser grained,
heavily crossbedded units represent the result of in-channel deposition. Over
eighty percent of the exposed section is comprised of overbank deposits and
this suggests that these rocks represent the deposits of a high sinuosity,
predominately fine-grained, meandering stream system (Allen, 1964, 1977)
(walker and Cant, 1980).

Orellan Through Whitneyan

The strata of Orellan and Whitneyan age crop out in limited exposures
north and south of Whitetail Deer Creek (figure 3).
Description

Tan and white to pink, very fine silt to clay sized shards of devitrified
volcanic glass mixed with lesser proportions of silt sized grains of
unaltered glass and volcanic rock fragments make up over ninety percent of
the bulk of the exposures of this age. Matrix supported clasts of pre-basin
rocks (dominantly Spokane Shale) are randomly scattered in these units.
The percentage of clasts to matrix increases dramatically near the
pre-Tertiary-Tertiary rock contacts. Bedding in these fine-grained
sediments is mostly massive but some faint thick, irregular tabular beds can
be discerned.
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Breccia is rare, but where present is dominated by poorly sorted,
pebble to boulder size clasts of Spokane Shale from nearby exposures to the
north and east. Pumice, Newland Limestone,,Greyson Shale, and
intraformational clasts compose a minor percentage of the breccia. The
breccia is present as isolated, channel shaped lenses that have basal scoured
surfaces, and range in width from a few centimeters to two meters, and in
depth from a few centimeters to one meter. Horizontally stratified or
massive clast supported debris in the channels grades upward, above the
channel, into massive matrix supported breccia and finally into the massive,
nearly clast free siltstone that dominates the exposed section.

Thin, white, crystal ash-rich beds occur as isolated lenses that cannot be
traced from one eXposure to the next. A thin, irrégular' bed of moderately
sorted pumice granules mixed with lesser amounts of pure glass shards is
exposed near Sheep Creek.

Interpretation

The thinly bedded ash and pumice suggests that a few beds of this age
represent primary airf allﬁ\ﬁto the basin. However, outcrops of massive to
crudely bedded, fine grained rocks with matrix supported, randomly oriented
angular clasts of pre-basin rocks are more common. This suggests that the
dominant basin fill process was mass-flow deposition; similar to mudflow
deposits described by Blissenbach (1954), and Axelrod (1984). The dominance
of locally derived clasts of Spokane shale in these mass-flow deposits
suggest that most of the sediments of this age, in this portion of the basin,
originated from highlands to the east whe;‘e the Spokane Shale crops out
extensively. Pm’mary airfall ash accumuiated in these highliands where it was
periodically washed down into the basin as ashy mudf lows. The overall low
percentage of clasts to matrix in these ashy mudflows indicates limited
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bedrock exposure of these highlands at the time of deposition, probably in a
subdued topography, buried by huge amounts of ash.

The breccia filled channels within the massive, fine-grained units are not
the deposits of a major drainage system. The small size of these channels
and the angularity, poor sorting, and local derivation of the clasts within
them, indicates that the breccias are the result of deposition in small,
localized channels which were perhaps formed by periodic runoff from
nearby hills or the result of reworking by dewatering of underlying ashy
mudflows.

Early Arikareean

The strata of Early Arikareean age crop out just south of Hatch Creek and
along the course of the Smith River (figure 3) where they are fairly well
exposed. However, fossils from the earliest Arikareean stage are rare,
probably because that part of the section is in general poorly exposed.
Description

The composition of the 'Early Arikareean strata is similar to that of the
Orellan and Whitneyan strata, with the bulk of exposures comprised of
devitrified volcanic giass. However, these younger units have a slightly
greater percentage of coarse-grained (coarse sand and above) lenses and
unaltered glass shards. These strata are commonly cemented by silica or
calcium.

About eighty percent of the exposed section is characterized by strikingly
uniform, tan, massive or thick ill-defined beds of moderately sorted
siltstone. Most of these exposures contain very rare, randomiy oriented,
matrix supported clasts of angular pre-basin rocks and pumice from .5 to 5
centimeters in diameter. However, a few are clast free, and composed
entirely of devitrified and whole glass shards.
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Clast and matrix supported pebble and cobble conglomerate with angular
to subrounded, poorly sorted clasts comprise the remaining twenty
percent of the exposed section. The bulk of the clasts in these conglomerates
reflect the most nearby pre-basin rock lithologies including early Tertiary
intrusives, a variety of Precambrian and Paleozoic rocks, and
intraformational clasts. The clasts commonly are horizontally stratified and
are rarely imbricated. Basal contacts of the conglomerates with the massive
siltstones beneath are sharp and most show scouring. Bedding is irregular to
lensoidal (commonly channel shaped) with most lenses less than three
meters wide and one meter thick.

Coarser packages near the top of the section, at Crabtree Bluff (Plate 1),
show better sorting and roundness, and exhibit a more heterogenous admixing
of pre-basin rocks than the underlying crude conglomerates. Here, channels
(up to .5 meters thick) are scoured into the massive silty units common
-elsewhere in the basin. Clast supported lag deposits in these channels is
poorly sorted, massive, and ranges from sand to cobble. Above these lag
deposits grain size and bedding thickness gradually decrease to medium to
well sorted sand and pebble packages that exhibit well defined and 1aterally
extensive (up to 20 meters) thin to medium, tabular to slighty irregular beds
of planar laminations and low angle tangential cross-beds.

Finer grained rocks grade laterally into, and overlie the coarse package
at Crabtree bluff. This siltstone is slightly darker and coarser-grained than
the siltstone in the basal portion of the section. Rootliet casts and diatoms,
rare in the basal portion of the section, are common in the upper part of the
section. Some of the siltstone is massive, but characteristically it consists
of thin to very thin, tabular beds of alternating coarse silt/fine silt.

Where Early Arikareean strata are exposed in contact with basement
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rocks, they are cemented with silica. The cemented matrix at these contacts
has a high percentage of unaltered glass shards compared to uncemented,
similar age sediments, and commonly contains randomly scattered clasts of
pumice (up to 3 centimeters in diameter) and obsidian (up to S millimeters in
diameter). All of the other clasts reflect the most proximal pre-basin rock
lithology. These clasts rapidly decrease in density away from the
Tertiary-pre-Tertiary contact. Ten meters away from the contact there are
usually few, or no clasts. At a greater distance from the contact these
cemented exposures grade into the devitrified, relatively unindurated,
massive beds that are prevaleht throughout the basin.

Interpretatio

The units of massive, uniform siltstone that dominate exposures of the
lower section represent ashy mudflows. These apparently unbedded
sediments are, at first, difficult to interpret. However, near basin margins,
depositional processes can be elucidated where silica cement has preserved
the original bedding, lithologies, and textures of the strata. The crude to
massive bedding, and matrix supported, randomly oriented clasts in these
exposures suggest mass flow deposition, and the lateral, gradational
rélationship of these exposures to the tan, uniform beds further out in the
basin suggests that those beds also represent ashy mudflows even though
their originatl bedding and textures are obscured by weathering.

The rare, crudely stratified, conglomerate lenses interbedded with the
fine-grained packages in the lower section suggest minor reworking of
mudflows by fluvial processes. The small size and limited occurrence of
these channels and the dominance of nearby sources of the clasts within
them, indicates that the channels are not part of a major drainage system
but are more likely the product of dewatering of the ashy mudfiows.
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The well bedded sediments at Crabtree Bluff represent the in-channel
and overbank deposits of a meandering stream depositional system. The
fine-grained, tabular beds of alternating fine/coarse silt with climbing
ripples and rootlet casts are similar to overbank deposits described by Allen,
(1964,1977) and Collinson (1978). The upward fining and decrease in bedding
thickness within the coarse package, and the predominance of overbank
deposits lateraily to and overlying this package, suggests that these rocks
represent the result of deposition by Iateral accretion of a point bar in a
meandering stream system, similar to point bars described by Allen, (1964)
and Collinson (1978).

The strata at Crabtree Biuff mark a change from dominant mass flow
deposition in the basal part of the section, to fluvial deposition in the
upper section. This lithof aéies change is well exposed in the northwest
sector of section 9, T10N, RSE (plate |) and was interpreted by Koerner
(1939) as an unconform 'i‘ty separating the underlying Arikareean Fort Logan
Formation from the Barstovian Deep River Formation. Fossils collected by
Rensberger ( 1981) and those collected for this study indicate that this
unconformity passes through deposits that are entirely Arikareean in age. |
interpret this change in lithologies to represent a change from mass-flow to
fluvial processes and not an unconformity.

Late Arikareean

The strata of Late Arikareean age occur in widely scattered outcrop in
and around Rabbit and Spring creeks and Thompson Gulch (figure 3). Lateral
exposure is good, enabling depositional processes to be interpreted for a
geographically large area of the basin.

Description
The composition of the fine grained units of this stage is similar to the
26



upper siltstone beds of Early Arikareean age, but rootlet casts are more
common. As a whole, these slightly younger strata exhibit a wider variety of
sedimentary structures and are coarser grained, with fine sand to pebbles
comprising about thirty percent of the exposed section.

Fine-grained packages at Rabbit Creek (figure 4) display thin, tabular beds
of subtly alternating fine silt/medium silt. At Spring Creek (f igure 4) the
siltstone is mostly massive, and lithologically uniform. Rootlet casts are
common at both areas and climbing ripples are common in the thinly bedded
units at Rabbit Creek.

Near Rabbit Creek the siltstone laterally bounds and is interbedded with
coarser grained sediments. Overall, both grain size and the scale of
sedimentary structures decrease upward in this coarse package. Poorly
sorted gravel to pebble breccia and Conglomerate at the base of the exposed
section are overlain by medium to thick tabular beds of low angle tangential
cross-beds and planar laminated medium and coarse sands that grade upward
to thin to medium tabular to elongate lenses of well sorted, planar laminated
sand. Within this package, smaller scale (.5-1 meter) fining up sequences are
common. Small, gravel and pebble conglomerate filled troughs are scoured
into tabular beds of sand and are overlain by planar laminated sands and
capped by a thin (1-5 centimeters) mud drape. Pebble and gravel lithologies
reflect a mixture of pre-basin rocks in which the nearest formation
contributes only a slightly larger percentage of clasts.

In contrast, sediments of the same age, near Thompson Gulch (figure ) are
massive or crudely bedded siltstones interrupted by many small to large (up
to S5 meters long and 1.5 meters deep) breccia filled channels. The breccia is
poorly sorted, and consists of angular cobble and boulder clasts that are
either crudely stratified or more commonly massive. A siltstone member of
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the Newland Formation outcrops to the west, and has contributed more than
ninety-five percent of the clasts in these breccias.
Interpretation

Most of the exposed strata of Late Arikareean age reflect a depositional
system dominated by low gradient fluvial processes, as opposed to the thick
ashy mudflows and high gradient fluvial processes characteristic of the
older rocks in the basin. The thin alternating coarse/fine silt beds, rootlet
casts and climbing ripples in the fine-grained package that overlies and is
lateral to the coarse package at Rabbit Creek suggest that this siltstone
represents overbank deposits (Allen, 1964) (Collinson, 1978). The sand, pebble
and gravel beds at Rabbit Creek represent the result of in-channel deposition
in a fluvial system. The dominance of the overbank deposits lateral to this
coarse package, the overall fining up of this package and the decrease in
scale of sedimentary structures all suggest that this package represents the
in-channel deposits of a point bar in a meandering stream system, similar to
point bars described by Allen, (1964, 1977) and Collinson (1978). The small
channel scours and 1ag deposits that display small scale fining up sequences
and mud drapes are similar to chute deposits in the upper part of a point bar
described by Collinson (1978).

At Spring Creek, bedding is obscured, so depositional processes are
difficult to determine. These beds may represent mass-flow deposition.
However, approximately age equivalent beds at Rabbit Creek suggest that
fluvial depositional processes were dominant in this portion of the basin.
From this you may infer that the beds at Spring Creek represent floodpiain
deposits, probably lateral to channel deposits elsewhere in the basin.

The isolated exposures near Thompson Gulch are indicative of deposition
in a higher gradient system. Most of the outcrops are dominated by ashy
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mudfliows, cut by channels and filled with breccia. The coarseness,
angularity, poor sorting, crude bedding and scoured bases of these breccia
lenses, and the aimost complete dominance of Newland Formation siltstone
clasts strongly suggest that they represent filled channels in the distal to
mid portion of an alluviatl fan. Blissenbach (1954) describes a similar fan
deposit in which» massively bedded mudflows and cut and fill channels
comprise the entire fan section. Channel geometry and clast lithology
suggest that the apex of this fan was to the west, and limits the source area
to the Big Belt Mountains
Unconformity

An unconformity separates the strata of Late Arikareean age from the
overlying strata of Barstovian age. Exposure of this early-Miocene
unconformity is limited to a single outcrop in the southeast sector of
section 14, T10N, R5E, near Spring Creek. Here, thin, tabular to massive beds
of light pink, poorly sorted, coarse to fine silt of Barstovian age lie in a
broad trough upon mostly massive beds of brown, moderately sorted, fine to
medium silt of Late Arikareean age. Local relief of the contact is about three
meters. Aithough faint bedding can be discerned in a few areas, most of the
bedding in the Late Arikareean strata directly below the unconformity is
obl ii@ted, and the ash is more decomposed compared to similar aged
deposits elsewhere in the basin. Also, there is a marked increase in the
number of rootlet casts in these strata compared to floodplain sediments
elsewhere in the basin.

Fossils collected above and below the unconformity, from localities
separated by less than S meters of section suggest a hiatus of 3-7 million
years.
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Interpretation
An unconformity with a temporaly equivalent hiatus to the unconformity

in the Smith River basin is identified in many other basins in western
Montana and eastern Idaho (Fields and others, 1985). A marked increase in
faulting with a regional change to a moister climate (Thompson, Fields, Alt,
1981), and a hiatus in volcanic activity (Rasmussen, 1973) resulted in the
removal of an unknown quantity of sediments in the basins during the Early
Hemingfordian. Sedimentation resumed in the mid Barstovian when a more
arid climate returned and tectonic activity was more subdued.

There is no evidence for tectonic tilting within the Smith River basin so |
believe the major causes of the unconformity are climatic changes and
regional tectonic and volcanic activity. Both the Arikareean and Barstovian
sediments were deposited during arid conditions so they are very similar.
However, the regional climatic change to a moist period and the hiatus in
volcanic activity in the Hemingfordian undoubtably included the Smith River
basin as well, and this change at least partially contributed to the removal
of sediments. In addition, uplift of the Smith River basin relative to the
Townsend basin, beginning in Late Arikareean time, (see structure section)
lowered the base level of the Helena-Townsend Valley and caused streams to
be incised into the Smith River basin.

Barstovian

Strata of Barstovian age crop out in a small, isolated exposure near
Camas Creek, and extensively near Spring Creek (figure 3).

Description

The strata of Barstovian age, near Spring Creek, are dominated by
fine-grained packages at the base of the section, but coarsens abruptly
upward in the section. The fine-grained packages are extremely similar in
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lithology to the fine-grained packages of Arikareean age. However, the
Barstovian siltstone is pink to white, and contains a greater percentage of
larger, whole glass shards, and more commonly exhibits well defined
bedding. More than ninety percent of the fine grainéd units are very thin to
thin, tabular to slightly irregular beds of fine silt alternating with medium -
to coarse silt. Massive siltstones and interbeds of sand or coarser packages
are rare.

Coarser units are more common toward the top of the section. Here,
medium to thick, irregular, tabular beds and lenses of subrounded sands that
display planar laminations, and low angle tangential and trough cross-beds,
dominate the exposed section. Internally massive matrix and clast supported
pebble to boulder breccia occurs in channel shaped lenses that are randomly
scoured into the finer grained beds throughout the upper part of the section.
These channels range in size from a few centimeters to three meters wide.
Breccia lithology reflects a wide variety of pre-basin source rocks, with the
nearest pre-basin rock lithology only slightly dominating.

Rare interbeds of coarse silt and finer grained packages at the top of the
section display similar lithology and texture to those in the basal portion of
the section.

Interpretation

The fine-grained, thinly bedded sediments in the lower part of the section
are similar to overbank-floodpiain sediments described by Allen (1964,
1977) and Collinson (1978). These floodplain strata are probably lateral to
in-channel deposits not exposed elsewhere in the basin. Rare, massive, fine
grained beds could represent mass flow deposition similar to the clast-free
ashy mudflows common in Arikareean age rocks, or more likely could
represent floodplain deposition in which the original bedding and
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