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It is scarcely necessary to state
that many of the problems which
arose in the course of the study
remain unsolved, or but partly
solved, for such is the nature of
most complex questions

(Blackwelder)
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ABSTRACT

The part of the Beaverhead Mountains investigated
is in the extreme southwest corner of Montana,and includes
Nicholia Creek Basin, an intermontane basin east of the
mountains and parallel with them, The oldest rocks in
the area are g crystalline complex of pre-Cambrian age.
Paleozoic formations include the Cambrian Flathead (%)
quartzite,the Ordovician Kinnikinic quartzite, the
Devonian Threeforks, and the Mississippian Madison lime-
stone., Tertiary sedimentary beds occur in the basin and
volcanic rocks form the foothills. No Mesozoic rocks
are present. An intrusive mass of granitic composition
forms the backbone of the mountains in the center of the
area. Laramide structures are folds, faults, and one
major thrust-fault, here called the Beaverhead thrust.
During mid-Tertiary time the area was affected by high-
angle faulting. During Pleistocene time glaciers deve-
loped in the mountains and spread morasines and outwash
in the basin. Dissection resulted in terraces which

are now a prominent part of the valley.



INTRODUCTION

Location of area

The ares shown on the map (pl. 1 ) is in Beaverhead

County in the extreme southwest cormer of Montana. It
246 25’

iigim;n a quadrangle bounded by parallels 4;%553' and
480-39' N. latitude and meridians 112° 42' and 113° 3' W.
longitude. Large parts of it lie within the boundaries
of the Beaverhead National Forest. It comprises approxi-
mately 160 square miles and is bounded on the west and
south by the Montana - Idaho borderline, which is here
coineident with the Continental Divide. To the east
the boundary is less well defined geographically, but
in general follows the ridge which lies along the east-
gide of Nicholias Creek basin. The north boundary is an
arbitrary east - west line approximately along 41° 20' ¥,
latitude. The area comprises completely or partly the
following townships in Montana: Townships 14, 15, 16,
17 S., Ranges 9, 10, 11, 12 W, A small part of it is in
Idaho: part of Townships 13, 14 N, Ranges 31, 32 E, Of
this area the southeastern part has been mapped by Mr.
Robert Scholten, the northwestern part by the writer, as
indicated on the diagram (pl. 1 ). Nicholia Creek has
been taken as the dividing line between the two areas.

Unless otherwise indicated this report deals only with
the part mapped by the suthor.



Accessibility

Nicholia School, whieh is approximately the geo-
graphical center of the area, can be reached by car along
a gravelled and graded motor-road which branches from U.3.
highway 91 about 13 miles south of Dell and follows Big
Sheep Creek., DPlate 3 shows only the first part of this
road. Beyond Nicholia School the road is not graded but
is passable by car to a point 1 mile south of Tendoy Creek
(also called Trail Creek). From here on a trail follows
Nicholis Creek to the end of the valley. In the central
and northern part of the area, several good roads connect
the different ranches in the basin. The main road follows
Cabin Creek to the north. The western part in general can
be reached by car along east - west roads which end where
the mountains begin. From there on only trails follow the
main creeks., No road crosses the Continental Divide within
the area of this report.

Available geographic maps,without contourlines, are:

1. Forest Service of the U.S. Department of Agri-

culture. Map of Beaverhead National Forest, 1940,

scale & inch to the mile or Z inch to the mile., Best

map avsilsble,

2. Genersl Highway and Transportation Map,Beaverhead

County, Montana. Prepared by the Montana State High-

way Commission, 1926, revised 1943 and 1945, Scale

%4 inch to the mile,






Topography

Types. Three topographically different sections can
be recognized: the Nicholis Creek basin, the East Ridge

and the Begverhead Mountains.

Nicholias Creek basin. The central and northern part

of the aresa is in a broad gravel-covered valley, called
Nicholia Creek basin, which has a maximum»local relief of
about 100 ?eet. The average elevation of the basin is
approximatély 7500 feet, the average width 7 miles., It

has a northwesterly trend.

The East Ridge. To the east the basin is paralleled

by a ridge of older, harder rocks which rises sharply

from the valley floor to an elevation of about 8500 feet.

The Beaverhead Mountains., The Beavérhead Mountains
are West of the basin. The name has been given by Umpleby
(1913 I, p.23) to about 100 miles of the Continental Di-
vide from Lost Trail Pass to Monida Pass, through which
the Oregon Short Line runs (pl. 3).

North of the Lost Trail Pass the rénge,splits, and accord-
ing to Umpleby the eastern part continues as the Continen-
tal Divide and the western as the Bitterroot Mountains.
According to the Montana State Highway Map the name
Bﬁtterroot Range applies slso to the mountains $outh of

the Lost Trail Pass and extends to the southwest corner



of Montana. In this nomenclature the Beaverhead

Mountains would be the southern part of the Bitterroot
Range. In the area investigated the Beaverhead Mountains
rise to elevations well over 10,000 feet (Eighteenmile
Peak). The summit consists in most places of low, rolling
hills, except at the heads of the various creeks where
glaciers have carved precipitous walls and a sharp diviée,
In the front of the range foothills of low relief ére found

(pl. 4).

Drginage. The drainage belongs to the headwaters of
the Missouri. All creeks drain into Big Sheep Creek which
is the eastward extension of Nicholia Creek. In the moun-
tainous part many springs and closely spaced permanent
and intermittent streams are found. These unite at the
foot of the mountains and only Nicholis Creek, Meadow
Creek,Alkali Creek, Tex Creek, Simpson Creek,all runniﬁg
in a west - east direction, and Cabin Creek which runs
north - south, cross the basin, The mountainous part of
the major creeks is in U-shaped valleys, with steep walls
rising about 1,000 feet above the valley floor (pl.2) and
terminated by cirques. At several places lakes are found
in the cirques or in the morainic material at the end of

thé valleys.

Regional features. West of the area investigated

two other parallel ranges of the same general topographiec






cheracter are found: the Lemhi Range and the Lost River
Range, both in Idsho. These also trend in a north-
westerly direction, end brosd flat-floored basins are
found in between the three ranges. The Beaverhead Moun-
tains, as well as the other two ranges, plunge toward the
gouth under the lavas of the Snake River Plain (Kirkham,

1927, Pe 6"‘ 9 )o
Climate and vegetation

Climate. The nearest substation of the U.S. Weather
Buresu is located at Lima (elevation 6,265 feet). The
following data refer to this station and have been taken
from "Climate of the States, Montana', Agricultural
Yearbook, Separate no. 1844, Washington 1941.

Janusry average temperature 16.30 F.

July n n - 62.9° F.

Annual mean " 39.50 F.

Annual sverage precipitation 9.27 inches.

Length of growing season between average dates of

last killing frost in spring and first in fall:

87 deys.

The data represent a continental climate of the arid type.
Although no data are available for the Nicholia Creek basin,
the precipitation will be about the same as in the wide
valley in which Lima is. The vegetation in the mountainous

part is; however, an indication that the precipitstion is



higher here than in the adjacent basin. The prevailing
winds are westerly and much of the moisture will preci-
pitate in the Beaverhead Mountains before reaching the
besin. In winter snow accumulates to considerable depth
in the mountains and provides water for the creeks in the
summertime. Freezing temperatures and snowfall may ocecur
late in May, or even early in June, and as early as Sep-
tember in the fall. In the summer nights are cool in the
mountains. Strong winds occur in the afternoon, but
usually disappear at sunset, Thunderétérms and light

showers are frequent.

Flora. Vegetation in the basin and the foothills is
quite different from that in the mountains.
In the basin sagebrush (Artemisia tridentats) is abundant
together with grasses. Occasionally a cactus can be found.
Along the channels in the basin swampy meadows occur and
willows and other shrubs grow close to the water. The
~lower parts of the basin are used for the production of
" wild hay and the grazing of cattle.
The mountains support a usually sparse, occasionally dense,
evergreen forest with Douglas fir, mountain mahogany, and
lodgepole pines. Graéses are sufficient to the highest
altitudes to provide grazing for sheep. The rugged parts
of the divide, at the head of the cirques, are without any

vegetation, as are the numerous talus-slopes.



Fauna. The basin itself is almost devoid of any
wildlife., In the foothills herds of antelope are present,
Also the coyotes live here. In the mountains deer, moose,
bear and smsaller animals like badger and porcupine can be
seen. The creeks provide good fishing, because of
numerous trout. Beavers have dammed the streams in some

places.
Previous work

Little work has been done in the area or in adjacent
regions. During the summer of 1946 E.S. Perry and U.M,
Sahinen made a reconnaissance map of southwestern Montaﬁa,
in which the Nicholia Creek area is included. Photostafic
copies were made of this map, but it was not published
(Perry and Sahinen, 1946). Reports dealing with adjacent

regions are listed in the bibliography.
Field work

Field work was done from July 15 until August 23, 1947,
and represents a start on the decipherment of the geologic
history of the area. Mapping was done on aerial photos
at a scale approximately of 1 : 20,000, The report is

written as a Master's thesis at the University of Michigan.

/
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accompanies this report.
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STRATIGRAPHY

Regional features and the stratigraphic column

In the Beaverhead Mountains, as well as in the Lemhi
Range (Ross, 1947, p. 1095) no Mesozoic rocks are exposed.
According to Ross (1947, p. 1126) the western border of
present exposures of Mesozoic rocks extends from near the
southeast corner of Idaho northwestward to the south-
eastern part of the Beaverhead Mountains and from there
into Montana, approximately along 113° W. longitude.

This borderline lies just outside the area investigated.
But already a few miles more to the east in the areas
mapped by Wallace, Krusekopf, Lipp, and Becker (1948)
outcrops of Mesozoic rocks are found., The thickness of
Paleozoic rocks increases to the west, that of Mesozoic
rocks to the east, according to Ross (1947, p.,1126). 1In
the area mapped by the writer, Paleozoic, Tertiary, and
Quaternary sedimentary beds are exposed. The assignment
of these strata to different formations involves consider-
able speculation. The general sequence of the Paleczoic
rocks in this part of the country has never been worked
out and much confusion exists for example about the posi-
tion of the different limestones and the fossils they
contain,

Tabel 1 shows the stratigraphic column of the area.

The thicknesses given are more or less approximations.
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Several factors made accurate determinations impossible.
In the first place the writer, as well as hk;associaté,
were unfemiliar with the region and had to search for
sections that were suitable to measure. Intense folding,
faulting, thrusting, erosion, and a cover of vegetation
and younger deposits meke most of the sections unfit for

measurement,
Cambrian system

Flathead (?) quartzite. The name of this quartzite

was given by A.C. feale (1893, p. 20 - 21) for exposures
in Flathead Pass in the northeast corner of the Three
Forks GQuadrangle, Montana. They were originaily desecribed
by him as Lower Cambriasn, but are now considered to
belong to the Middle Cambrian, |

The best exposure of Cambrian quartzite in the aresa
investigated can be found in Trail Creek Canyon and along
the west side of Nicholia Creek Canyon. Here an antieli-
nal fold brings these oldest sedimentary rocks to the
surface. They appear again in the northwest part of the
aree along Tex Creek., A third exposure is found in the
extreme northern part, where the Cambrian rocks come
through the Quaternary terrace gravels at Island Butte,

The quartzite has a reddish chocolate - brown to
maroon color, - It is commonly well —~bedded and in places
cross - bedded. The bedding is due to thin dark - red,

nearly black bands between layers of brown.
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A few conglomeratic beds were noted which have the same

red - brown color as the quartzite and which show

stretched pebbles. The quartzite is massive, but gener-
ally highly fractured. It forms high precipitous cliffs,
as for instance along the mountainous part of Trail Creek
with extensive talus - slopes at the foot of the eliff,
Study of a thin-section of this quartzite revesaled much
feldsbar in addition to the quartz-grains. The feldspsr

is mostly microcline, much weathered to sericite and
"keolinite. Plagioclase is alsc present. The color of

the quartzite is possibly due to little flakes of hematite
embedded in the cementing material. Minerals subordinate
in amount are: zircon, magnetite, limonite, hematite, The
cementing material is mainly sericite and represents former
argillaceous material. The degree of metamorphism is only
very slight. Few of the quartz-grains show wavy extinction.
From a mineralogical standpoint this rock can better be
called a feldspathic sandstone than a quartzite. A

The thickness of the Cambrian quartzite exposed along
Trail Creek was estimated to be about 90C feet., As the
base of the formation is not exposed within the ares this
is the minimum thickness.

No fossils were found and the correlation with the
Cambrian Flathead quartzite is only tentative. Previous
workers (Perry and Sahinen, 1946) have mapped this and
the overlying quartzite as pre-Cambrian, belonging to the

Belt Series. But the degree of metamorphism is too slight
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to justify this correlation. The maroon quartzite is
overlain by a white quartzite of whicech the Ordovician age
is fairiy well established. Since no break has been
recognized between the two it seems again that the lower
is not pre-Cambrisn. The same sequence of maroon and
white quartzite has been described by Umpleby (1917, p. 23)
in the Lemhi Range. He speaks of the upper and middle
quaftzité. The two lower members of his series, to which
he assigns a Cambrian age, do not seem present in the
Beaverheasd Mountains. Shenon (1928, p. 7), who worked

in Idaho a few miles west of the author's area, also
found only the maroon and the white gquartzite, not the

two lower members. He followgd Umpleby's classification
and put both quartzites in the Cambrian period. Anderson
and Wagner (1944, p. 6), who reworked the area formerly
mapped by Shenon, disagreed, however, end wrote: " The
oldest rocks are composed of quartzite formerly regarded
as Cambrian, but now known to be identical with Ordovician
quartzite in the neighboring Lemhi Range." Dr., C.P. Ross,
who recently reworked part of the Lemhi Range (1947), sc-
companied the writer on a fieldtrip in order to see both
quartzites. He thought that the maroon quartzite belonged
to the Cambrian (Flathead ?) and the white quartzite to
the Ordovician. According toc Dr. Ross the visibility of
the composing grains and other evidences of a fairly low
me tamorphism would exclude the assignment of the maroon

quartzite to the Belt Series. He expressed his view about
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the quartzite in a letter to the writer (Sept. 7, 1947):

" The reddish well-bedded quartzite below the Kinnikinie
is probably Flathead, as I suggested to you, but if this
is correct the apparent absence of Cambrian limestones

is somewhat surprising. North of the area the Belt Series
is extensively exposed but I doubt if there is any Belt

in your areas."
Ordovician system

Kinnikinie quartzite. The Kinnikiniec quartzite was

named by C.P. Ross (1934 II, p. 947) for exposures along
Kinnikinic Creek, st Clayton, Custer County, Idsho. It
is of Upper Ordovician age. In the area mapped by the
writer the quartzite is exposed at seversl places west
of Nicholia Creek above the basin., It can be found over-
lying the Cambrien maroon quartzite on top of the ridge
immediately west of the creek. A very good exposure is
found in section 15, T. 16 S., R. 11 W, Along the Conti-
nental Divide the quartzite is found on both sides of the
intrusive mass in the center of the area. At the southern
end of this pluton the quartzite has come to & higher
position along faults and is in immediate contact with the
Mississippian limestone. A small outerop is found amidst
Tertiary volcanic material along Meadow Creek.

The quartzite is white to light grey. Iron stains

give it a light-yellow to pink color in irregular spots.
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The color and the absence of the fine bedding make it

easy to distinguish from the underlying Cambrian quartz-
ite. It has a fresh appearance and is massive, but much
fractured., At the base s conglomeratic layer has been
found in some places. The study of a thin-section reveal-
ed a very pure quartzite. Quartz-grains, well-rounded,

and free from inclusions, build up the rock. They are

not interlocking and poorly sorted. No feldspar is present;
and only a few small flakes of biotite could be seen. Also
zircon, chlorite, and iron-oxide are present in very small
amount. Metamorphism has been low, no strong shearing has
oceurred, énd from a mineralogical standpoint the rock is
on the borderline between a sandstone and a quartzite.

The thickness in this area is considerably iess than
that given by Ross (1947, p. 1095) for exposures in the
Lemhi Range, where it is approximately 3000 feet. Here
the thickness was estimated by the writer to be about 800
feet. Anderson and Wegner (1944, p. 7) mentioned onlj
200 feet, whereas Umpleby (1917, p. 23) states that the
upper quartzite is at least 800 feet thick.

In the area mapped by Ross (1947, p, 1104) fossils
were found in an intercelated limestone. They were deter-
mined as belonging to the early Upper Ordovician. No fos-
sils were found by the writer. Also the fucoidcasts men-
tioned by Ross (1947, p. 1103) were absent. The white

quartzite was correlated by Dr, Ross, who visited the ares, »
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on lithologieal grounds with the Kinnikinic quartzite,

In g letter to the writer (Sept. 7, 1947) Dr. Ross writes:
",..I am personally convinced that the white, crystalline
quartzite I told you looked iike Kinnikinie does belong
to that formation and is hence of Ordovician age." The
white quartzite is conforﬁable with the maroon quartzite

to which a Cambrian age was assigned.

Devonian system

Threeforks formation. The Threeforks name was given

by A.C. Peale (1893, p. 29) to a formation of Upper Devon-
ian age exposed at the junction of the three forks of the
Missouri River, near Three Forks, Montana. Beds which
presumably belong to the formation have been found in a
belt extending through sections 16, 21, 22, 27, and 28 of
T. 16 S., R. 11 W,, where théy form part of the major anti-
cline west of Nicholis Creek. They also appear along the
Continental Divide in sections 27, 30, T. 16 S., R. 11 W.,
where they flank the Mississippian rocks on both sides in
the upthrown block, which here constitutes the divide.

The formation is soft and embedded between hard quartz-
ites on one side and hard cherty limestones on the other.
It is slope forming and generally concesled by débris.

It consists of yellow and gray calcareous shales with lumpy
brown masses in it. In the lower portion is conspicuous

a purplish cherty shale, The slope is covered with shale
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fragments and pieces of chert and the more shaly parts
weather bright yellow. Cubes of limonite pseudomorph
after pyrite are common in section 22, T. 16 S., R. 11 W,
Also calcite veins occur and in one place a calcite vein
containing 7 parallel rows of equally spaced limonite
cubes was found, giving the piece of shale a checkerboard
appearance. The upper beds progressively get more limey
and contain thin-bedded, grayish-blue limestones with
chert layers.

The thickness of the formation has been estimated at
600 feet, but because it is nearly everywhere concealed
the dip determinations made may not be representative and
hence the calculation of the thickness may not be right.
Another factor is. the unknown boundary between the Three-
forks formation and the overlying Mississippian. As a
soft formation the Threeforks is apt to have a broad out-
crop which may overemphasize thickness. The thickness of
the Threeforks formation varies considerably within short
distences, a fact also recognized by Ross (1947, p. 1112).
He thinks that this is due to differences in amount of
material originally deposited.

No fossils were found in the various shales and lime-
stones., Dr. Eardley, who accompanied the writer on a
'fieldtrip, tentatively assigned the beds describded above
to the Threeforks formation on lithological grounds. }The

formation rests unconformably on the Kinnikinie quartzite.
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Mississippian systenm

Medison (?) limestone. The Madison limestone is of

Lower Mississippian age and has been named by A.C, Peale
(1893, p. 33 - 39) for exposures in the Madison Range,
Montana.

Mississippian beds crop out over extensive parts of
the area. The best exposure of these rocks is at the
head of Tex Creek in sections 2, 3, 10, 11, T, 15 s.,‘ R.
12 W, From here on a belt of the same rocks extends along
the Continental Divide to the intrusive which occupies the
central part of the area. South of the intrusive mass,
along the western side of Nicholia Creek valley, we find
Misgissippian limestones in the outer belt of the south-
ward pitching anticline that here brings older rocks to
the surface. The limestones are also exposed along the
Continental Divide, and are flanked on both sides by Devon-
ian Threeforks shales. This ogcurs in section 35, T. 16 S.,
R. 11 Wo The western part of Nicholia Creek in its upper
course has also been mapped as Mississippian Madison (?)
limestone, but determinations of fossils collected make the
assignment of the shales to the Mississippian doubtful.
The Medison age of the beds on the eastern side of the
creek is more firmly established according to Scholten .
(1948)., Mississippian beds occur not only on the west sgide

of the Nicholia Creek basin, but also along the east side.
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The Mississippian comprises a monotonous series of
gray to bluish-gray limestones and lesser amounts of
shales. Most of the limestone is massive, but also thin-
ner bedded limestones occur, especially at the base. The
limestone effervesces very rapidly with cold dilute hydro-
chloric acid and the magnesium content is thought to be
small;j Silica is present in great amount and is concen-
trated in nodules and streaks of chert. In the gray-
weathered limestones the chert nodules stand out in relief.
The chert is black on fresh surface, but where weathered
it is covered with a thin coating of brown iron oxide,
The chert usually occurs in irregular lenses and nodules
which are all parallel with their longest dimension to the
bedding and to each other. A few extensive bands parallel )
to the bedding occur, Fossils in the limestone are silici-
fied and hard to cut with the diamond-saw. Some beds con-
tain many large cupcorals, others crinoidal remsing, com-
pletely recrystallized. Other beds, however, are not fos-
siliferous at all. On a freshly broken surface the rocks
give a distinctly fetid odor. Besides limestones dark
gray shales and some arenaceous limestones are found in
the séries.

Of the following section the upper 640 feet were mea-

sured by Mr. Scholten alone, the underlying beds by him

and the writer.
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Madison {?) formation measured in sections
7, 8, 9, 17, T, 17 S., R. 10 W,

Limestone, medium to dark gray, thin-bedded,
bends of dark chert, cliff-forming -----=---- - -3507
Limestone, dark gray, weathers differentially
in light gray and tan, laminated in gray
colors, bedding of intermediate thickness,
scattered chert-nodules, crinoid stems and
iarge cupcorals, bryozoa, gastropods. The
crinoids decrease, corals increase in gquan-
tity in higher parts of unit --c-cccmmmcoca-. 200"
Limestone, light to medium gray, massive,
strongly jointed, slmost entirely built up
of fossils, mainly crinoids, calcite veins,
chert 1ayers —--ecemcm oo e 60?
Limestone, mediumgray, weathers tan and light
gray to white, bedding of intermediate
thickness, strongly jointed, calecite veins,
chert layers, few fossils =e-mcocmmmmmcooaa. 01"
Limestone, light gray, weathers white, massive,
no chert, completely built up of erinoid
stems -e-ccmmmmmeee - e Rttt L T P 30"
Limestone, light gray, laminations in gray
colors, cliff-forming, caleite veins, chert,
very fossiliferous, crinoid stems, corals,

bryozoa, brachiopods ==-ececmmmmcmcaooooooo. 501"
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6. Limestone, gray, thin-bedded, slope-forming,

chert nodules, calcite veins -=--ccccccccccaa-- 15?7
5., Limestone, dark gray to black, fan-like

laminations, breccia layers, regular chert

beds, calcite veins, fossiliferous ----------- 100!
4, Limestone, gray, weathering pink, laminations

in brown and red colors, maésive, chert

nodules, caleite veins, corals ---c-ccecemmeea-- 301
3. Limestone, dark gray, thin-bedded, chert and

calcite, fossiliferous --eeccrcmmcmccccceceee - 251
2. Shale, brown and sandstone, violet-pink ------ 30"
1. Limestone, dark gray, breccias with sandstone

fragments, rusty brown, few fossils, some

lenses of recrystallized erinoid stems ------- 60"

Total thickness ---c-ea-o 980"

The measured section represents only part of the
total thickness of Mississippian beds. About 3000 teet
in total are thought to be present, which is in correspond-
ence with Shenon (1928, p. 7), who found 3500 feet of
Mississippian rock. This estimate is based on the assump-
tion that the various gray limestones and shales are of
the same Mississippian age.

Future investigation of the fossil content of the
beds is essential, as it appears hardly possible to dis-

tinguish between the various rocks only on lithologic
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ground., In this respect the following sentence, written
by Dr. C.P. Ross in a letter (Oct. 30, 1947) to the writer,
is interesting: " The pamphlet (Anderson and Wagner, 1944)
‘refers to rock of supposed Devonian age, but as no fossils
are reported, it might be that the supposed Devonian is
gimilar to rock in your area that, as I told you, looks
like Devonian, but that Williams found fossils in which,
on field inspection, appears to him to be Carboniferous?
Not only the lower boundary of the Madison (?) limestone
is hard to distinguish, dbut also the upper one. The
writer collected some fossils in shales cropping out in
section 31, T. 16 S., R. 10 W., which in the field were
thought to represent Mississippian strata. One of the
corals, however, was identified by Dr. Stumm as Lophophyl-
lidium species (?). The genus is index fossil for the
Pennsylvanian and Permian and has not'been reported from
the Mississippian, according to Shimer and Shrock (1944,
P. 87)., It is therefore possible that some Pennsylvanian
beds have been included in what was mapped as Mississippi-
an Madison (?) limestone. Also the age of the typical
cherty limestones is not at all certain. They were map-
ped as belonging to the Lower Mississippian Madison (%)
limestone, but the possibility can not be excluded that
they a;so represent beds of Upper Missigsippian (Bragzer)

- age, The description of the Madison and Brazer limestones

as given by various writers are very similar and only a
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thorough investigation of an extensive fossil collection
can bring any light in this matter. Brszer age has been
attributed by Shenon (1928, p. 7 - 8) and Ross (1934, II
Do 977) to rocks of similar lithology as the Mississippi-
an beds deseribed in this report and outcropping in the
Lemhi Range and Beaverhead Mountains. They do not report
any>Madison limestone. Ross (1947, p. 1112) describes
the Milligen formation, which is more or less equivalent
in age to the Madison limestone, in the southwest part
of the Lemhi Range., He does not exclude the possibility
that the Madison limestone crops out in the less known
parts of the Beaverhead Mountains (1934 II, p. 966).
Summarizing this we see the possibility that the various
~ gray limestones and shales mapped as Madison (?) lime-
stone might include some beds of Devonian, Upper Missis-

sippian, (Brazer), snd Pennsylvanian age.

Tertiary system

Nicholia Creek basin beds. This name has been given

to the series of Tertiary beds in the Nicholia Creek basgin,
which were formerly called " Lake Beds " and " Fanglomer-
ates " by Perry and Sshinen (1946). The name Bozeman Lake
Beds was first used by Peale (1893), who mapped, but did
not describe these beds in the vicinity of Three Forks,
Montana. Without the prefix Bozeman the name Lake Beds had

been used previous to this by the Hayden Survey, for
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deposits of Neocene age. Because the name Lake Beds
suggests a lacustrine origin of these beds, which might
not be true in all cases, provisionally the name Basin
Beds was preferred. It has also been used for similar
beds in the Muddy Creek basin more to the east by Wallace,
Krusekopf, Lipp and Becker (1948) ,

In the area investigated, the beds are confined %o
the Nicholia Creek basin, Here they are exposed at
several places, standing out as ridges. One of thesé
ridges follows Nicholia Creek, another one Meadow Creek.

A third extensive exposure is along the east side of the
basin., The Basin Beds do not occur at an elevation higher
than about 7500 feet.

The series consists of a great variety of strata,
ususlly well-indurated. It is made up mainly of material
derived from the adjacent mountains, forming conglomerates,
sandstones and shales. In a conglomerate near the base
- of the formation pebbles of Cambrian and Ordovician quartz-
ites, Madison (?) limestone and Tertiary lavas can be elear-
ly recognized. Intense volcanic activity took place during
the deposition of the basin beds. Volcanic ash, now
bentonite, is found at several places in the section. The
continental origin of the basin beds is indicated by the
numerous plant fragments fqund in brown shale, the petri-
fied wood occurring in some of the sandstones, and the

freshwater gastropods in a limestone member at the top
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of the series. The conglomerates are more or iess lens-
shaped and imbedded in and transitional to the sandstone.
Pebbles are well-rounded and of nearly equal size from 1

to 2 inches. Flat-pebbles lie parallel to the usually
ill-defined bedding. The color is cream to light brown.
The sandstones are yellowish-brown and weather pink to
brown, Lamination and cross-bedding are evident in many
places especially in the finer grained sandstones. The
cement is quartz, no lime cement is present throughout

the section. Small pebbles of lava are common in the sand-
stones and they might partly represent lapilli ejected by
adjacent volcanoes. The sandstones as well as the conglomer-
ates are cliff-ferming, in contradistinction to the softer
bentonites and shales. The only fossils in the sandstones
are pieces of fossilized wood. The sandstone shows verti-
cal jointing ( pl. 5 )., Blue-gray to milky white trans-
lucent chalcedony found on the c¢liff near the three-forked
road in S.E. i section 11, T. 15 S., R. 11 W., might have
been deposited by hot springs. The bentonites represent
volcanic ashes, are of gray color, and weather white.
Gypsum crystals of the variety selenite occur at several
places in the bentonite, Also volcsanic ejectamenta sare
scattered throughout the bentonite, which, because of its
impure character, could better be called a bentonitic clay.
- It is poorly indurated and has s typically cracked surface,

often with a white crust. It is slope-forming., The shales
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" occur in thin layers of about 10 inches thick in the
sandstones, Two of such shale layers were recognized in
the field. One of these was a brown shale, composed of
thin flakes, with numerous, but poorly preserved plant
fragments. The second one was a dense white shale, 7
inches thick, not breaking up in flakes and containing no
fossils. Lignitic seams of limited extent and not thicker
than 1 inch are exposed in the sandstones at various places.
Limestone, white to cream colored, weathering gray or tan,
lies on top of the series. It is exposed along Cabin
Creek Road in section 25, T. 14 S., R. 11 W, It is fine.
grained and dense, in places cavernous and some of the
vugs are filled with calcite spheroids. On the weathered
surface a pink cerust is locally formed. It is thick-bed-
déd. No fossils were found by the writer, but fresh-water
gastropods are reported by Scholten (1948), who describes
the same limestone farther south.

The folloWing section, covering somewhat more than
the lower half of the total section, was measured by the

writer in cooperation with Mr. Scholten.
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Nicholia Creek basin beds megsured in sections
31, 32, T. 15 S., R, 11 W, and 19, T, 15 S., R. 10 W,

Same a8 12 ~=-ceccccmccc e e e 10.0°"
Shale, white, non-fissile, non-fossiliferous 0.5"!
Same 88 12 ~--emcmmmmmce e - 70.0!
Shale, brown, fissile, plant fragments ------ 0.5

Sandstone and conglomerate in alternating
layers, brown to yellow, thick-bedded, cross-
bedding in places, vertical jointing, petri-
fied wood, lignitic layers, cliff-forming,

pebbles consist of: quartzite, limestone,

granite, basalt, occasionally shale ----ace--- 10.0"
Same 88 7 emmemmmm oo 100.0"
Same a8 8 —-- e e 2,0!
Same 88 7 mems s o e e 100.0°

Sandstone, dark brown, weathering grayish

brown, fine to medium-grained, well-sorted,

faint striations due to color differences,
slope-forming =----cmmmmm oo 110.0°"
Bentonitic clay, gray to light brown,

weathering white, not indurated, cracked

surface,gypsum crystals, pyroclastic material,

Slope-forming —=--=cemmmmo .. 60.0"
Sandstone and conglomerate, brown, lighter

colored sandstone interbedded, cross-bedding,

grain size finer in upper part, less volcanic

material than in 2, cliff-forming =-e-ceecaea- 760,0°"
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4,

S
- 2o

1.

. Same as 3 i bbb 75,0"

Sandstone, light brown, weathering brown,
well-sorted, moderately indurated, coarse-

grained, faintly laminated ----cc-cccceccca-—- 10.0°
Sandstone, white to light gray ----=--ccecce--- 15,0°
Sandstone and conglomerate in heterogeneous

mixture.l Sandstone is yelloﬁish-brown,

weathering pink to brown, coarse-grained, grains
weil-rounded, cémented by siliceous material,
Oonglomerate occurs in lenses in sandstone,

pebbles well-rounded, consisting of quartzite,
granite, limestone, much basalt, aslso shale and

red sandstone. DPebbles 1 to 2 inches, bedding
indistinctive, petrified wood ~--ce-emceccaao-o 550,01

Most of the basal part covered, except for a

few beds of gray bentonitic clay =--=-—-e- ---- 750,0°"
Total thickness =----eemeeea- 2613,01

The thickness of the complete series in Nicholis

Creek basin is at least 5000 feet; if no repetition of

beds by faulting or folding took place. There are no

indications of any extensive distortion. Because of the

fact that deposition took place in local besgins it is

not possible to compare this figure with thicknesses

reported by other writers in adjacent aresas.

The fossils found by the writer do not throw any

light on the exact age of the formation. Similsr beds
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have yielded diagnostic fossils at several places in
southwestern Montana. Russel (1902, p. 56) lists fos-
sils collected and assumes that the lower part of the
deposit belongs to the Miocene and the upper part to the
Pliocene., Umpleby (1913 I, p. 39) assignes a Miocene

age to the beds on floral evidence. According to Kirkham
(1927, p. 12) and Umpleby (1913 I, p.’59) the beds can be
correlatéd with the Payette formation, which Buwalda (in
a personal communication to Mansfield, 1927, p.358) re-
gards as being in large parts of Upper Miocene and in
some parts of Lower Pliocene. It includes also beds as
0ld as Eocene, Hence it is evident that the deposition
of the basin beds took piace during a long time in the
Tertiary period. It is very well possible that the vari-
ous -basin beds in southwestern Montana were not all
deposited during the same span of time., It is, however,
safe to assume that the main deposition took place during
Miocene time and reached into Lower Pliocene, as indicated
by fossil finds.

As to the environment of deposition of the basin beds
not much is known., Blackwelder (1915, p. 107) supposes
that they could have formed in the following ways :

1. by lakes and marshes,
2. by graded streams upon their floodplains,
3. by wet-weather streams making alluvisl ftans,

4. Dby the wind upon dry land surfaces.
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It is possible that all these agencies have taken part.
The only thing that is definitely known is that they
represegt continental deposits. Also Russell (1902, p. 57)
assumes thet the deposits were partly formed by streams,
but mentions that it was impracticable to determine what
part is the result of still-water and what part of flowing
water. Investigation in the field hss convinced the
writer tﬁat the name Lgke Beds is not appropriate and that
some of the cross-bedded, lenticular, sandstones, with
Well—worn pebbles, were deposited by streams. The brown
shale, with the numerous plant fragments, on the other
hend, probably represents mershy conditions in a shallow
lake. Some of the coarser conglomerstes at the base of

the formation might well be fanglomerstes.

Gravel deposits. Gravel consisting of well-rounded,

ill-sorted, pebbles up to 2 inches in size, mainly lime-
'stone wes mapped in three places. Only small patches

afe left and their extent as indicated on the accompanying
geologic map is only approximate and exaggerated. The
exposures oceur in section 1, T. 15 S., R, 18 W., sections
16, 28, T. 16 S., R. 11 W. All three lie high above the
valley floor at an elevation of sbout 8500 feet. They

are thought to represent gravels older than the Quaternary
'.period and are sppposedly of Pliocene age as they cover

pert of the Mio-Pliocene lava flows.
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Quaternary system

Glacial deposits. Along the western boundary of

Nicholia Creek basin and in the valleys of the larger
streams, which come from the Beaverhead Mountains,
Pleistocene glacial drift is present., The deposits can
be divided into two different age groups, an older which
will be called the Bull l.ake and a younger, the Pinedale,
The distincetion has been made chiefly on physiographic
grounds, which will be discussed later. The materisal
itself shows some differences too, in that the larger

and less weathered boulders are found in the younger
deposits. In both groups'we deal with material derived
from the adjacent mountains to the west which consists

of quartzites, limestones, shales, volcanic rocks and
granite, ill-sorted and little rounded and smoothed. Some
of the limestone boulders in the younger moreine are polish-
ed and scratched, The terms Bull Lake and Pinedale are
used in northwestern Wyoming (Blackwelder, 1915, p. 325)
and the deposits of Nicholia Creek basin compare so close-
ly that the same names seem appropriate. Both belong to
the Wisconsin stage of glaciation. The Pinedale drift is
found in the present stream valleys and extends only a
short distance into the basin. The Bull Lake drift ex-
tends much farther into the basin and is found all along

the mountainfront. No glaciel deposits are present along
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the east side of the Nicholia Creek basin.

Terrace gravels. Quaternary gravels cover extensive

parts of the Nicholis Creek basin, especially in T. 14 S.,
R. 11 W., and T. 15 S., R. 11 W, They are very well ex-
posed in a gravel pit along the road about 200 feet past
Martinell Ranch in seetion 4, T. 15 S., R. 11 W. Here the
material ranges in size from sand to boulder with a maximum
diameter of 8 inches. It is well- sorted, the pebbles are
well-rounded and embedded in a sand matrix containing some
lime. Induration has hardly taken place and the grains

are loosely packed. The sand matrix is brown. A few pock-
ets of greenish sand also occur. Many of the pebbles have
a thin cover of lime and are weathered white to gray. The
bedding is inconspicuous, but a faini cross-bedding can be
seen., The gravel consists of the products of erosion of
the Beaverhead Moﬁntains. The accurate thickness of the
deposit is unknown but it is at least 100 feet thick,
because the creeks have cut in to about that amount. The
material is thought to have been deposited by glacial
streams which were particularly active after the Bull ILsake
stage and later again, to a lesser extent, after the Pine-

dale stage.

Alluvium. Alluvial deposits laid down after the
Terrace grevels are found along the modern creeks. Their
extent is often limited to only a féw feet on both sides

of the stream and hence could not be mapped. In the basin
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the alluvium coated flood plains are considerably wider.
They are mostly covered by grassland, which is used tb
produce hay and to graze cattle and horses. All the ran-
ches are on or very close to the alluvial deposits. The
alluvium consists of sand, silt and clay brought down
from the mountains. The transporting power of the streams
in the basin is not sufficient to carry boulders but peb-
bles form the stream bed. In the various lakes filling
by sediments derived from the adjacent hills takes place.
Some are completely filled. These lake-sediments have

not been mapped separately.

Landslides., Several landslides are present in the

area, but only two, which were well-developed and of large
extent, were mapped. Both occur in Nicholia Creek Canyon
on the west side, The first one lies mainly in section

23, Ts 16 S., R. 11 W., end consists of gquartzite blocks

in its northern half and of basalt bloecks in its southern
half. DBecause of the difference in color between the light-
er colored quartzite and the dark brown to black basalt,

the two composing parts of the landslide are easily distin-
guished (pl. 6) . The second landslide is in section 25,

T, 16 S., R, 11 W. It consists of limestone blocks only.

Both landslides have supposedly taken place in the Recent

epoch, but long enough ago to be covered with vegetation.
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Summary of depositionzl events

At the end of pre-Cambrien time the sea invaded the
crystalline complex, and sedimentation took place almost
continuously during the ehtire Paleoczoic era. First,
sands were deposited, later argillaceous and calcareous
sediments., In total more than 4500 feet accumulated in a
gradually subsiding basin. During Mesozoic time there was
either no deposition or the beds deposited have been re-
moved by later erosion. The former supnosition is the
more likely one, because not even small remnants of Meso-
zoic rocks have been found. In the Tertiary period depo-
sition took place in an intermontane basin. Continental
deposits were laid down by streams and in & fresh-water
lake. Bresks in the sedimentation occurred and plants
could grow in the basin, probsbly under marshy conditions.
Volcénoes in nearby regions sent clouds of ashes and coars-
~er material over the area. These ejectamenta settled in
the lake. In Pliocene time a fresh-water limestone was
deposited. After the basin was filled fhe beds becanme
subject to erosion and locally gravels were formed, sup-
posedly of Pliocene age. In Quaternary time mountain-

- glaciation occurred twice and glaciasl till was deposited
in Nicholia Creek basin. Streams laid down extensive
graﬁel deposits as the ice melted. Recent streams have

dissected these gravels and deposited alluvial material
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on their flood plains. This deposition goes on foday.
Landslides caused some local changes in the distribu-

tion of rocks.



Tabel 1.

Stratigraphic column.
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System

Series

Group and formation

Character

Thickness
(feet)

Quaternary

Recent

Landslides

Hasses of blocks of quartz-
ite, basalt, and limestone,
soil and other debris.

Alluvium

Meadowland with fine soil,
locally gravelly. Pebbles
in streambed.

Pleistocene

Terrace gravels

Flat lying deposits without
relief., Well-rounded pebbles
and boulders. Matrix of
sand, limey. Not indurated.
Cross-bedded.

100 +

Pinedale
glacial deposits

Hummocky masses of fresh
surface boulders and other
glacial material. Confined
to modern valleys and extend-
ing but little into basin.
Glacial lakes still existing.

Bull Lake
glacial deposits

Tertiary

Pliocene

Glacial topography not very
well preserved. Surface bould-
ers disappeared. In basin
along mountain front. No
lakes exist,

Unconformity

Gravel

Well-rounded, ill-sorted,
pebbles up to 2 inches, main-
ly Paleozoic limestone, Above
elevation of 8000 feet.

IIiocene

‘ Nicholia Creek
Basin Beds

Conglomerates, sandstones,
shales and limestone. Buff to
cream colored. Much volcanic
material: bentonite with
gypsum, lapilli, pebbles of
basalt. Plant fragments in
brown shale, Fossilized wood
in sandstone. Snails in
limestone. Forms cliffs in
Nicholia Creek Basin.

5000 +

Oligocene

Challis (?)
’volcanic rocks

Lava flows, volcanic tuffs, and
breccias of basaltic compo-
sition. Flows dark colored,
tuffs and breccias lighter
gray. Cliff-forming.

1000 +

Carboniferous

Mississippian

Unconformity

ladison (?)
limestone -

Gray to bluish-gray limestone
and shale. Chert nodules,
black and weathered brown.
Calcite veins. Cup corals,
crinoid remains. Fetid odor.

3000 £?)

‘Devonian

Upper
Devonian

Threeforks
formation

Gray calcareous, fissile
shale with lumpy brown parts
in it. Purplish cherty shale
in lower part. Calcite veins.
No fossils. Slope forming.

600 %

Ordovician

Upper
Ordovician

Kinnikinic
quartzite

White to light gray quartzite
weathering light-yellow to
pink in irregular spots.
Massive., Conglomeratic

part at the base. Well-round-
ed quartz grains are almost
only mineral. Jointing.

800 %

Cambrian

ldiddle
Cambrian

Flathead
quartzite

Reddish to maroon quartzite.
Fine bedding, often cross-
bedded. Conglomeratic beds
with stretched pebbles.
Cliff-forming. Jointed.
Much feldspar in addition
to quartz.

900 %

Unconfofmity

pre=Cambrian

Pre-Belt
series

Pony (?)
formation

Gneisses and schists, not

described in this report. liapped

by Perry and Sahinen in north-
east corner of area. ‘
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IGNEOUS ROCKS

Regional festures

The Geologic Map of the United States and geologiec
maps of Idaho and Montana show intrusive igneous rocks
at several places in nearby central Idaho, and in central
and northern Montana. Ross (1928) distinguishes three
different groups in this region :

| 1. Idaho Batholith with outliers. Composition is main-
ly quartz-monzonite. Age is probably late Jurassic to
early Cretaceous.

2. Boulder Batholith with outliers. Composition is
mainly hornblendic guartz-monzonite and diorite. Is some-
what younger than the Idaho Batholith, but distinctly old-
er than no. 3. (On the Tectonic Map of North America the
~ Boulder Batholith with its outliers has'been mapped as a
Tertiary intrusive.)

3. Tertiary granitic rock., Composition rsnges from.
graniye, in part granophyric, to quartz- monzonite. Is
charscterized by abundant perthite and micropegmatite,

Is at least of late Miocene and possibly of Pliocene age,
according to Ross.

More.abundant than intrusive igneous rocks are ex-
trusive igneous rocks in the neighboring regions. They

have been described by various writers (Ross, 1934 II,
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Umpledby, 1913 I, Kirkham, 1927, Shenon, 1928, Anéderson
and Wagner, 1944) fron the Lost River, Lemhi and Beaver-
head Ranges, as well as from the Snake River Plains,
where flows of Quaternary age cover almost the entire
surface. The Tertiary volcanic rocks can be divided into
two groups: (Kirkham, 1927, p. 31 - 38.)

1. Tertiary "Early Lavas" of Oligoéene and Miocene age,

2. Tertiary "Late Lavas" of Pliocene age.

Intrusive igneous rocks

Varieties., In the area of this report a pluton of

granite and several small dikes of basic composition occur.

Granite. Along the Continental Divide a granitie
intrusiﬁe mass extends from section 21, T, 16 S., R, 11 W,,
in a northwesterly direction to section 35, T. 15 S.,R.

12 W.e It hag a length of about 6 miles and an average
width of about 13 mile, sssuming that its center coincides
with the Continental Divide, across which the mass was not
mapped. The granite forms the highest peaks of the ares
(pl. 4, Eighteenmile Pesk). |

The rock is moderately coarse-grained and ranges in
color from light gray to pink and light green. Also some
darker brick red parts are present, Some of the red gra-
nite shows stains in iridescent colors, probably due to

a thin film of iron oxide. This was found only in S.W,
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% section 21, T. 16 S., R. 11 W, Coarse quartz veins
occur and slso small aplite dikes of the same composition
as the\granite but of much finer texture. The granite
weathers in large blocks, which on Eighteenmile Peak
reach higher than 6 feet. On the south side of'the pluton
where the roek is much more weathered, they attain only
boulder-size. There is coparatively little variation in
the composition of the granite. Macroscopically quartz
and ﬁinkish feldspar cen be recognized, but no dark miner-
als can be seen. Specimens were collected at various plac-
es and mieroscopical investigation showed a composition

of quartz and potash-feldspar mainly (orthoclase and less
mierocline)., The K-feldspar is nearly everywhere weather-
ed, Plagioclase is locally present and badly weathered,
which made a determination of the composition impossible.
The feldspars have been changed mainly to kaolinite and
sericite, and in one thin-section the plagioclase made

up an integral part of the rock which therefore has a
quartz-monzonitic composition. Usually the plagioclase

is only subordinate in amount and we deal with a true
granite., Dark minersals are very searce: biotite, and
pyroxene in one thin-section were the only ones noted.

The biotite is not fresh, but is in the initial stage of
alteration to chlorite, as indicated by the green color,
Additional minerals are chlorite, zircon, epidote, hema-

tite, and limonite, magnetite, sericite and kaolinite,



43

The last two minerals are alteration products of the
feldspars. Miceropegmatitic intergrowths of quartz in
the orthoclase are abundant. Perthites have not been
noticed, but this does not exclude their existence, as
they might be obscured by the alteration of the feld-
spars.

From the descriptions given by Ross (1928, p. 676
and 685) it is evident that the intrusion is of quite
different composition than either the Idaho or Boulder
batholith., It corresponds more to the granitic plutons
which according to Ross (1928, p. 693) have been intruded
in late Miocene, or early Pliocene time. In the ares
investigated the field relations show that the intrusion
took place after the Mississippian, as én intrusive con-
tact with the gray limestones has been found. A hand-
specimen collected shows inclusions of limestone in the
granite. The upper age-limit is given by the relation
with the Tertiary volcanic rocks. As far as the writer
has been able to find out these have been extruded on the
surface of the previously eroded pluton, as shown at the
head of Meadow Creek. No indication was found that the
intrusive was younger than these extrusives. Also the
sedimentary inclusions derived from the granite and in-
corporated in the volcanie tuffs point to the conclusion
that the volcanic rocks are younger. If the assignment

of the Tertiary flows, breccias and tuffs to Oligocene
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and Miocene time is true, then this would exclude
assignment of the granitic intrusive to late Tertiary
time, as suggested by Ross (1928, p. 693). Apparently

the same intrusive mass has been mentioned by Umpleby
(1913,I, p. 42), who describes an exposure on the Idaho
side of the Continental Divide, He assignes'it to the
late Cretaceous or early Tertiary. Also Anderson and
Wagner (1944, p. 9) mapped a granite of like composition
Just across the state-line in the Birch Creek District,
Idaho. They write: "The granite is much more alcalie
than the rock that composes the Idaho Batholith (Creta-
ceous) and probably belongs to the group that was intrud-
ed in early Tertiary time"., On the accompanying geologic
map of this report the intrusion has been put in Creta-
ceous-Tertiary time, pending further investigations. It
is, however, more probable that it took place early in

‘the Tertiary period,

Dikes. Three dikes of limited extent have been
mapped. One in Mississippian limestone in the N.W. cor-
ner of section 27, T. 15 S., R. 12 W. The second one in
Threeforks shale in the southeast corner of section 27,
T 16 S., R. 11 W. And the third one in s shaly member
of the Mississippian in N.W. % section 7, T. 17 S., R. 10
We All three are exaggerated in dimensions on the map,
as they are only of small width and length, being not

more than 30 feet wide and having an exposed maximum



45

length of 100 feet, ‘

All three bodies have the same general compositioh
and will therefore be treated together. They are ultra-
mafic, peridotite dikes. A single plagioclase phenocryst
was found. In some thin-sections there is a suggestion
of former presence of feldspar, but through alteration
they have completely disappeared. In general much alter-
ation has taken place. Augite crystals are common as
phenocrysts and many are altered to chlorite, carbonate,
iron oxide, and quartz. ILocally sphene is present in
large crystals and great quantity. Biotite might be
abundant too. Additionsl minerals are: magnetite, chlori-

te, calcite, limonite, zoisite, apatite.

Extrusive igneous rocks

Varieties. Flows, volcanic breccias and volcanic
tuffs are found in the area. They have been mapped to-
‘gether as one unit, because they belong to the same
period of volcanic activity. Also the volcaniec breccias
and tuffs are limited in extent and in order to separate
them it would require a map of a larger scale. The vol-
canic rocks are found mainly in an extensive belt along
the western margin of Nicholia Creek basin, forming the
foothills of the Beaverhead Mountains. Remnants of a

former capping have been found on the ridges on both

sides of Trail Creek,
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Lava flows. Lavas are especially well exposed in

the two remnants mentioned above and north of Meadow Creek
in E. $ of section 19, T. 15 S., R, 11 W. They generally
form cliffs, but this seems to depend on local conditions,
because in certain places rolling hills are formed and the
volcaniec rocks are broken down to soil. |
The rocks are usually dark in shades of gray and
brown to black. They are mostly massive, but vesicular
lava is present. The vesicles usually are not filled,
but in some places, guartz has been deposited in them and
also calcite to s lesser extent. The massive rock when
broken down, occasionally sheows spherical weathering,
When struck with a hammer in these cases, a concentric
outer shell will split from the ball-like interior body
(pl. 7 ). Usually the flows have a blocky appearance, dbut
also slabby fragments are present. ILocally brown opal-
like chert is present, but this was found only as lcose
material on a slope and not in place. White, bluish and
reddish quartz in veins and as incrustations was found in
place. This is thought to be due to later hydrothermal
solutions adding the silica, which otherwise is foreign
to basaltic rocks. Quartz is well-developed north of
Meadow Creek. Here also calcite veins are found. The
- basalts are fine grained and phenocrysts are inconspicuous
except for certain types in which hornblende crystals are
clearly visible. 1In the cliffs jointing is prominent.

Mieroscopic investigation shows most of the lavas to be of
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basaltie composition. The plagioclase has the composi-
tion of labradorite to bytownite and occurs as phenocrysts
as well as in the groundmass in the form of numerous laths.
Hornblende and augite both occur, but the augite is much
more common., The pyroxene is developed as phenocrysts
often showing a glomeroporphyritic texture., It ié also
forming aﬁ important part of the groundmass. Hornblende
phenocrysts in large amount were found only once. Biotite
and olivine seem to be practically absent, although both
minerals have been noticed, Additionsal minerals are :
magnetite, calcite, limonite, chlorite, apatite, volcanic
glass. The rocks show a porphyritic texture with a felted
groundmass,

Besides basalt a minor amount of andesite has been
found., A flow of this composition is exposed in E. 3 sec-
tipn 19, T, 15 S., R. 11 W, Here is an andesite-porphyry
of slaty habit and greenish-biue color. Greenish-black
phenocrysts of hornblende are about 53 inch long. They
afe long prismatic and have their greatest dimension in
Plenes parallel to the horizontal planes along which the
rock breaks., In these planes the longest dimensions of
the hornblende crystals lie in a haphazard orientation.
Under the microscope phenocrysts of plagioclase can be
seen having the composition of andesite. The feldspar
‘also makes the larger part of the groundmass. Hornblende

and less augite are found in the matrix. The large horn-
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blende crystals are strongly resorbed. Additional miner-
als are: chlorite, carbonate, magnetite, The anéesite
is both overlain and underlain by basalt, but is believed
to occur near the top of the total series of volcanic
rocks., |

Pieces of the basalt are commen as water-worn pebbles
in the basin beds. The lava flows therefore heve to be
older than the basin beds, which are supposedly of Miocene
to early Pliocene age. The main outpouring of lavas proba-
bly took place during the Oligocene. Lavas intermingling
or lying on top of the basin beds, as described by Umpleby
(1913 I, p. 48) have not been noticed by the writer. OCnly
volcanic ash (bentonite) and lapilli occurring in the

basin beds are indicative of volcanism.

Volcanic breccias. Volcanic breccias are very well

expoged at three places in the area, The first is an iso-
lated outcerop on all sides surrounded by glacial materisl.
It lies about 500 yards west of the Nicholia Creek Road
crossing of Trail Creek in S.E. % section 9, T. 16 S., R.
11 W. The outerop is shown on plate 8. The second expo-
sure is in N.W. 3 section 26, T, 16 S., R. 11 W. EHere the
breccia is found together with flows. The third mass of
breccias is on the south side of the first landslide in
Nicholia Creek Canyon, S. 3 section 23, T. 16 S., R.11 W.,

end 1s also associated with flows. There three knobs of






51

!

breccia are surfounded by basalt.
The rocks consist of dark brown and gray pebbles
and boulders of basalt embedded in gray, fine-grained
~matrix, They are well- cemented. The material varies
between a volcanic breccia and an agglomerate, as some
boulders are imperfectly rounded. The fragments range
in size from sand to 8 foot boulders. The very large
boulders are found in the first outcrop mentioned above,
The material is practically not:sorted, but some strati-
fication cén be seen in ﬁne or two places. Finer,shaly
material is found along the bedding-plane. Most of the
enclosed pebbles and boulders consist of older basalt,
but also pieces of Mississippian limestone, quartzite
and granite have been found embedded in the gray matrix,
The boulders of granite found were bf the pink and of the
greenish variety and they were well-rounded. Microscopi-
cal investigation sﬁows pieces of the familiar basalts
cemented together by material probably representing tuff,
The cement consists of quartz, plagloclase-feldspar, bio=-
tite, zircom, rutile and volcanic glass.

The rounded boulders and the bedding, although both
are only imperfectly developed, suggest a deposit of clas-
tic origin in which running water has played a rdle. The
very large boulders found in the exposure near Trail Creek
and Nicholis Creek indicate thst the site of volcanism was

not far, probably only a few miles. The characteristics
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of the deposit are those of the larze mudstreams that
are common of several volcanoes in the Dutch East Indies
and which are able to carry large boulders over several
miles distance. Recent mudflows of this kind have been
described by Edelman (1946;;p. 6 - 158),

| The breccias are interbedded in the lava and their
exact position in the series of volcanic rocks could not
be determined. It is believed that they occur near the

base .

¥olcanic tuffs. Several kinds of tuffs occur in

section 19, T. 15 S., R. 11 W. All are slope-forming and
not well exposed. They are light colored rocks in shades
of greenishf and purplish-gray. Pieces of darker reddish-
brown to violet material are enclosed, which are about 2
inches long at the maximum and having an angular form with
rounded edges. In the lighter as well as in the darker
part we find needles of hornblende plainly visible to the
naked eye, but smaller than those previously described in
the andesite. Under the miceroscope two different parts

of the tuff can be recognized. One is truly igneous ma-
terial of basaltic character, the other is sedimentary
material, In the sedimentary material myrmekitic inter-
Erowths of quartz are abundant, an indication that the
gediment was derived from thé older granite. The quartz
in this part is clearly of detrital origin., The plagio-

clase has the composition of oligoclase., Also orthoclase
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is found. Other minerals in this part are:

sericite, chlorite, magnetite,»limonite, hornblende.

In the igneous part we find feldspar having a composifion
of labradorite. Much hornblende is present and also augite,
It resembles some of the basaltiec lavas.

The tuff has probably been sorted by water, as there are
some indications of bedding. It is water-laid material
resulting from explosive eruptions of volcanoes together
with detrital grains derived from the adjacent granite,

It occurs at the top of the series of volcanic rocks to-

gether with the andesite flows.,

Age-relationships of extrusive rocks. Pieces of gra-

nite have been found in the breccia and detrital grains,
presumably derived from the granite are in the tuffs. The
series is younger than the granitic intrusion and older
than the basin beds, as basalt pebbles are common in the
sendstones and conglomerates of the Nicholia Creek basin
beds. In these basin beds bentonites and lapilli are pre-
sent, which are believed to represent the last part of the
same period of volcanic activity that is responsible for
the voleanic rocks discussed in this chapter. The whole
series from top to bottom would then consist of:

Volcanic ash (bentonite) Miocene

Volcanic tuffs Oligocene
Andesite flows

n

)
)
)
Basaltic flows g
Volcanic breccias and agglomerates g

)

Basgsaltic flows
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The dating has been done on the assumption that the as-
signment of the basin beds to the Miocene is correct. .
Because the volcanic rocks are mainly Oligocene and ex-
tent into the Miocene, they are tentatively correlated
with the Challis volcanics farther west. About these

Ross (1947, p. 1121) writes: " The Challis Volcenics

are possibly, if not probably, of Oligocene age and they
can hardly be younger than Miocene." He describes a se-
ries of volcanic rocks which is very similar to thét in
this report. Also Anderson and Wagner (1944, p. 11) cor-
relate the extrusive rocks found in their area with the
Challis volecanies., Kirkham (1927, p. 31 - 38) distinguish-
~es between " Tertiary Early Lavas " and " Tertiary Late
Lavas ". The former correspond with the Challis volcanies.
The latter of Pliocene age, are not represented in the area
investigated by the writer. Scholten (1948), however, has
found rhyolitic'lavas clearly younger than the basin beds
near Bannack Pass., These he has correlated with the "Ter-

tiary Late Lavas" of Kirkham.

Summary of igneous events

Intrusion of a granitic mass took place possibly in
the Cretaceous or more probably in the early Tertiary.
Its composition seems to be different from that of the
Idaho Batholith, in which the magma cooled relatively

slow and steady in a large body (Ross,1934, I, p. 59)



55

The features of the pink granite oﬁ the other hand suggest,
according to Ross (19324 I, p. 59), a lower pressure and
consequently shallower depth at the time of formation.
Extrusion of igneous rocks took place during the Oli-
gocene snd continued into Miocene time. There is a change
from basalts at the bottom of the formation to andesites

on top. Aiso the amount of pyroclastics increases toward

the top.
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STRUCTURE

Regional features

Three major periods of deformation have been report-
ed from this general region. They are:

1. Crumpling and crushing of pre-Cambrian rocks near
the close of the Algonkian period, sccompanied by regicnal
me tamorphism of varying intensity.

2. Folding, faulting and thrusting of Paleozoic rocks
during the Laramide orogeny. This is believed to have tak-
en place in two separate disturbances. In central Idsho,
close to the Idaho Batholith, these two steps probably
took place as early as Jurassic and Cretaceous time. More
to the east the deformation came at the close of the Creta-
ceous period, at the beginning of Tertiary time., This is
the concept of the eastward migration of deformation and
intrusion during the latter part of Mesozoic time from the
Pacific Coast into Montana and Wyoming. (Lindgren, 1915,
p. 261 - 263; Ross, 1947, p. 1126). In the area included
in this report the Laramide deformation is assumed to have
taken place in two phases in late Mesozoie, probably Creta-
ceous time (Ross, 1947, p. 1127). The folds which origi-
nated during the Laramide deformation are generally desecribed
as having a northwest trend in this region. Overturning
to the northeast takes place. The folds produced an anti-

clinorium in the Lemhi Range (Ross, 1947, p. 1130) and a
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Synclinorium in the Beaverhead Mountains (Anderson and
Wagner, 1944, p. 12). Faulting of the rocks accompanied
the folding in seversal places. Four great thrustfaults
were mapped by Kirkham (1927, p. 26 - 29): Medicine Lodge
Creek -, Lost River -, Hawley Mountain -, and Lemhi over-
thrust. All trend approximately northwest and are hence

" parallel to the major fold axes. Kirkham (1927, p. 27)
thinks that the Medicine Lodge overthrust is the extension
of the Bannock overthrust, which has been mapped south of
the Snake River Plasins by Richards and Mansfield (1912).
This major fault plunges under the basalts that cover the
Snake River Plains and rises again on the north side of
the plains near Medicine Lodge Creek (Kirkham, 1927, p.

26 - 27), Jjust outside the ares mapped by Scholten (1948)
in the extreme southeast corner of the map ( pl. 1 ). Ac-
cording to Kirkham (1927, p. 26 - 27) this thrust finds
its possible extension in the thrust fault west of Dillon.
The Medicine Lodge sheét is overthrust to the east and
Mississippian rocks are superimposed on Triassic strata.
The other three thrust faults described by Kirkham (1927,
P. 26 - 29) appear to him to be overthrust to the west.
Ross ( 1947, p. 1137) opposes this view and assumes an
overthrust to the east. Wallace, Krusekopf, Lipp, Becker
( all 1948) and Eardley (personsal communication) have map-
red thrust contacts in the Tendoy Mountains and southwest

of Lima with an overthrust to the east,
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.3. Gentle folding and high-angle faulting in Tertiary
time., The Tertiary volcanic material in this region,
supposedly of Oligo- Miocene age, is flexed more gently
than the underlying Paleozoic rocks., Later than this
folding high-angle faulting took place. Some faults may
be revivals of faults formed during Mesozoic time., They
strike approximately parallel to the Laramide structures.
The faulting was accompanied by tilting of strats up to
500. Movement along some of these faults has taken place

in Recent time (Wallace, 1948, p. 41),

Algonkian deformation

The deformation of the pre-Cambrian rocks in the
northeast corner of theAarea is supposed to have taken
place near the close of Algonkisn time. Investigations
in neighboring regions point to this conclusion (Umpleby

1917, p. 9).
Laramide deformation

Folding.' The thick series of Paleozoic sediments
has been feolded into anticlines and synclines striking
northwest, This folding is especially evident in the moun-
tainous part of Nicholia Creek., Two different kinds of
folding are present, which accounts for the striking dif-

ference in topography between the western and eastern side
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of the valley near the head of the creek. On the west
side broad, fairly gentle anticlines and synelines with
an average dip of about 25 - 30° produce a low, grassy
divide. Because of much vegetation cover it was not
possible to follow the anticlinal and synclinal axes for
a long distance and no attempt was made to put these on
the accompanying map. On thé east side of the creek
steeply dipping Mississippian syrata are present, Schol-
ten (1948) measured here dips usually greater than 35°
and up to nearly vertieal. Also overturning of the beds
to the northeast has been reported. These steeply dip-
ping strata give the west side of Nicholia Creek a very
rugged appearance, especially because no vegetation covers
the steep cliffs. The only place on the west side of Ni-
cholia Creek where the Mississippian beds seem to be more
intensely deformed is in section 35, T, 16 Sey, Ro 11 W.,
along the Continental Divide. Here several close folds
can be recognized. At the mouth of Nicholis Creek canyon
a broad anticlinal structure brings older Paleozoic rocks
to the surface. Several minor anticlines and synclines
have been mapped here, which all strike in a direction
slightly west of north. They show moderate dips. More
to the north at the heads of Meadow, Coyote and Tex Creek
we find again broad structures, which in places show numer-
ous minor folds on their flanks. These can be clearly

seen on the ridge north of Tex Creek, near the head of the
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canyon in section 2, T. 15 8., R. 12 W, Here the minor
folds give a very complicated appearance to the beds,
which lie nearly horizontal where the minor folds are
absent. The intensely folded masses seem to have a spo-
radiec distribution, a fact also noticed by Ross (1947, p.
1131). He describes a éimilar folding in the Brazer lime-
stone of the Lemhi Range and believes that it is due to
erratically applied localized forces and formed under re-
latively thin cover. Some plastic deformation has also
taken place, which is possible in a limestone already un-
der very light load. In the northeaétern part of the area
the largér eanticlines bring rocks older than the Missis-
sippian to the surface in two places. The structural
picture of the Beaverhead Mountains suggests a synclinori-
um, with the Mississippian strata as the youngest in the

center (Anderson and Wagner, 1944, p. 12).

Thrusting. The following observations have led Mr.
Scholten and the writer to postulate thrust in the region
investigated by themi

1. In the northeastern part of the author's area pre-
Cambr ian rocks are immediately overlain by Mississippian
beds. According to the map of Perry and Sahinen (1946)
this situation extends for several miles north of the area
covered in this report. A similar condition was thought
to exist by Scholten (1948) in the central eastern part
of T. 15 S., R. 10 W, But the assignment to the pre-
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Cambriasn of the rocks found here may prove erroneous.
Microscopic investigation showed that the rocks mapped
in the field &s pre- Cambrisn may represent metamorphosed
Tertiary granite and contactmetamorphosed limestone
(Scholten, 1948).

2., The striking difference in structure between the west
and east side of the head of Nicholia Creek, already refer-
red to above. The eastern part is believed to repfesent
the overthrust block and to be more deformed during the
overthrusting then it was already before. Overturning to
the northeast took place, indicating a force acting in
that direction.

5. Not only the structure is different on both sides of
Nicholia Creek, but also the character of the Mississiﬁpian.
This is especially evident at the head of Nicholisa Creek,
where the western half of‘the Continental Divide consists
of a much darker, more cherty, limestone than the eastern
half, which is more shaly. It is suggested that the darker,
eastern facies has been thrust eastward over the lighter,
If the shales along the west side of Nicholia Creek belong
to the Pennsylvanian, as is indicated by one fossil find,
then this would mean that we deel with two different for-
mations instead of facies. The Madisen would then be
thrust over the Pennsylvenian.

4., Along the Continental Divide on the west side of the

upper part of Nicholia Creek, a slaty cleavage in the
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Mississippian shales was found ( pl. 9 ). This clea-

~ vage developed in the underlying bloek possibly because
;f the thrusting. Also slickensides found here are
evidence of strong mqvements. The cieavage strikes

N. - S., end dips 50° W., whereas the bedding strikes
N. 15 E., and dips 35° W. These data slso suggest

a movement in an eastern direction.

In the southern part of the area the thrust-feult
which has been named Beaverhead Thrust by Mr. Scholten
snd the suthor, follows the course of Nicholia Creek.

At first the trend is north - south. It then changes

to north - west to disappear under the Quaternary depos-
its and the Tertiary volcanic rocks that form the foot-
hills of the Beaverhead Mountains. All along Nicholia
Creek the ovérlying block consists of highly deformed
Mississippian rocks. At the lower end of Nicholia

Creek valley, where anticlinal folding and high-angle
faulting bring up older Paleozoic rocks, Cambrian quartz-
ite is overlain by the Mississippian rocks. Here, how-
ever, Quaternary deposits concesal the underlying struc-
tures. The panorama along Nicholias Creek ( pl. 2 )

shows the relationships as they are believed to exist
along the valley. In the writer's area the Beaverhead
thrust appears again in the extreme northeast corner, where
the Miésissippian is thrust over the pre-Cambrian. A more
doubtful outerop is in the northwest corner, section 1,

T. 15 8., R. 12 W, Here, a hasty reconnaissance gsve the
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impression that the Cambrian énd Mississippian wefe in
fault-contact and that the Cambrian would represent a

" xlippe ". It is very well possible that a more careful
mapping will reveal diffe;ent relationships.

' The Beaverhead thrust has been warped after its for-
mation. The deformation of the thrust plane is evident
from the cross-section, A - A' - A" on plate 1, which is
at about right angles to the strike of the thrust. A
similar deformation has been noticed by Richards and
Mansfield ( 1912, p. 705) in the Bannock overthrust, and
they write: " Deformation of fault planes is usually at-
tributed to a renewal of fhe compressive forces and the
folding tends to continue along the lines formerly deve-
loped." Also in the Beaverhead thrust the strike of the
folds in the thrustplane is parallel to the strike of the
older structures. After the deformation the thrust has
been broken by high-angle faults. This is also evident
in the cross-section. These faults are believed to be-
long partly to the Laremide deformation, partly to the
younger Tertiary deformation.

An accurate determination of the horizontal displace-
ment of the thrust was not possible because of its hypow
thetical character. In profile A - A' - A" is an indi-
cation that the part of the thrust at the right side of
the profilé might come from the west side of Nicholia

Creek. This would give a horizontal displacement of
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about 10 miles, a figure which is in accordsnce with
other great thrust faults described from the region

(Richards and Mansfield, 1912, p. 703).

Faulting, Besides folding and thrusting, normal
faﬁlting took place during the Laramide deforﬁation.
Large normal faults, which bring different formations
in contact with each other, are especiglly evident in
the mountain mass west of the cényon of Nicholia Creek,
(pl. 2 ). The faulting is older than the Tertiary vol-
canic rocks which overlie the fault and are not broken
by it. The relation of the faulting to the Laramide
thrusting is difficult to determine, In section 23, T.
16 S., R. 11 W., a normal fault has been cut off by the
thrust. Hence'here the thrust is younger, More to the
west, 2long the Continental Divide, a large normal fault
ocours but its relation to the thrusting is not clear,

In section 21, T. 16 S., R. 11 W., it is evident
that the faulting is older than the intrusion of early
Tertiarj time ( cross-section B - B') ., Usually the
faulting brings Ordovician quartzite in direect contaét
with the Mississippian limestone. The same kind of fault-
ing occurs a few miles southwestward in Idsho around the
Viola Mine, described by’Anderson and Wagner (1944, p.12),.

This would indicate a vertical displacement of about 1500
feet.
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Jointing. 0f the minor sfructural featufes jointing‘
is the most promihent. It is especiélly well-developed
in the Cambrian and Ordovician quartzites. In the latter
Jointing was observed in section 16, T. 16 S., R. 11 W.,
where two distinet systems were seen, one strikes N, 25 E,
and dips 85 W., and. the other strikes N. 21 W., dipping
84 E, At many other places jointing often obscures the
original bedding and makes striké and dip determinations

difficult.
Tertiary deformation

Folding. In the Tertiary volecanic rocks a broad
shallow warping can be observed, which is discordant
with the more sharp and well-defined folds in the Paleo?
zolc rocks. The region around the mountainous part. of
Meadow Creek is especially suitable to study this kind
of folding. Some of the local variastions in dip in the
Tertiary volcanic rocks may be due to doming in the
original lavas, as suggested by Ross (1947, p. 1139).

Or to the irregularities of the surface over which the
lavas were poured out,

Although folding in the Tertiary volcanic rocks is
not as evident as in the Paleozoic rocks it has apparent-
ly taken place. The deformation probsbly happened in the
Miocene. |

It is difficult to prove that the Tertiary folding also
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 affecte@ the basin beds. Gentle monoclinal folds might
be present,because variations in dip ranging from 10 to
30 degrees have been observed. The direction of the dip
was the same in the basin beds north of Nicholia Creek,
where all dips point in an eastern &irection. Scholten
(1948) has mapped opposite dips 2% miles due east of
Bannack Pass, and here an ill-defined anticline might be

present.

Faulting., In the Tertiary rocks faulting of the
high-angle type is much more pronounced than folding.
It is especiaily evident along the éastern ridge of
Nicholia Creek basin., Here a fairly recent fault is sug-
gested by the escarpment and the triangular facets. The
vertical displaceﬁent was assumed to be approximately
1500 feet. No accurate determination was possible,
because no corresponding beds on both sides of the fault
were found. This high-angle fault is the eastern boundary
of Nicholia Creek basin. On the west side of the basin
no indication of a fault was found. Similar one-sided
faulting of Tertiary basins has been deseribed by Mans-
- field ( 1927, p. 355). Tilting accompanied the faulting
and dips up to 550 were produced in the basin beds. This
is much too high to represent an initisl dip. According
to Blackwelder ( 1915, p. 113) it is improbable that the
fine clays were deposited at angles of even 5o - 100.

As to the question when these Tertiary high-angle
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»faults came into existence and'if‘they are responsible
for the formation.of the Nicholia Creek basin, no satis-
factory answer can be given., Field evidence only indi-
cates that movement along the faults took place after

deposition of the basin beds. But that this was along

a pre-existing fault can neither be denied nor confirmed.

Jointing. At onme place in N. E. z section 13, T. 15 S,
R. 11 W., a well-developed jointing was observed in the
basin bedé. The two systems show both a dip of 900,
the one striking N 30 W, the other N 45 E, to form a

diamond-shaped pattern in the rock ( pl. 5 ) .

Summary of structural events

Important earth movements affected the area at the
end of Algonkian time, when the pre-Cambrian sedimentary
and -igneous rocks were folded, faulted, and metamorphosed.
It is possible that similar disturbances of pre-Cambrian
rocks had already taken pPlace earlier in the earth history.
Discordant on the pre-Cambrian the Paleozoic rocks were
deposited. No major disturbances took place'duriﬁg the
Paleozoic era. During Mesozoic time the area was probably
above sea level and at the end of the Cretaceous period
the Laramide revolution took place. Folding and faulting
initiated the disturbance, followed by thrusting. A re-

newal of the compressive forces during the second phase
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folded and faulted the previous developed thrust.
During the whole disturbance the main force pointed in
an eastern direction, causing structures generally
trending northwest. Rocks were thrust from the west

to the east and folds were overturned to the northeast.
In Tertiary time, probably Miocene, the area was again
subjected to compressive forces, but the deformation
was far less pronounced than the previous ohne. Tertiary
rocks were slightly affected and ghanges in the older
rocks are not noticeable., Still later, during the Plio-
cene (7), important vertical movements took place along
high~angle faults. These involved the Tertiary as well
as the older rocks. Since then movement has gone on '
with interruptions up to the present time. ZEarthquakes

are still frequent in this general region.
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. PHYSIOGRAPHY

Regional features

According to the physiographic map by Fenneman
(1930) the area investigated is in the Northern Rocky
Mountain Province. :The writer agrees, however, with
Anderson and Wagner (1944, p. 4) where they write:
"...the fegion seems more like a part of the Great Basin
country’than of the Northern Rocky Mountains.”" Ross
(1947, p.1140) also makes the same remark and notices
that Fenneman places the region of the Lost River, Lemhi
and Beaverhead Mountains in the Northern Rocky Mountain
Province"... largely because the wide expanse of the
Snake River Plain effectively separates it from the moun-
tainous part of southeastern Idaho". The region is char-
acterized by long, parallel ranges, separated by broad,
arid valleys. Therefore it is quite different from the

dissected upland area that makes the northern Rockies

in central Idaho.

014 erosion surfaces

Much has been written about erosion surfaces in
nearby areas and especially in Idaho. The existence of
some and their assignment to certain periods in the geo-
logic history is still a matter of controversy. A summary

of the various hypotheses has been given by Mansfield
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( 1924 and 1927, p. 354). Kirkham (1927, p. 12) postu-
lates an esrly Tertiary and a Pliocene erosion surface.
Also Ross (1947, p. ll4l)lassumes two major surfaces;
one of pre-Challis age and one of post;Challis age. In
the area investigated the older surfsce was the one
which was partly covered by the lavas and is probably

of Eocene age. Remnants of it are believed to be re-
presented by the summit of the Beaverhead Mountains,
where this has a topography of low rolling hills. The
more rugged perts of the mountains, where the divide is
sharp, are due to later ice action. Also faulting has
probably obscured the original surface. This Eocene
surface continues under the basalts and some of the
Tertiary gravel mapped as Pliocene might indeed be older
than the lavas and belong to the old erosion surface.
The'lower contact of the lavas shows that they were de-
posited on a landscape having too much relief to be cal-
led a peneplain., The higher parts of the Beaverhead Moun-
tains were probably stending out as monadnocks.

The younger erosion surfac¢e is much better defined,
and it developed after the deposition of the basin beds.
It is assumed to be of Pliocene age. It was nearly fea-
tureless and because it only developed along the mountain
front leaving the higher parts of the Beaverhead Mountains
standing out as a ridge, it can best be c¢alled g pediment

surface. Remnants of it are found in the Nicholia Creek
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basin, where it truncates the basin beds. It became
dissectéd lagter and the basin beds with this erosion
surface disappeared from the northern part of the basih.
Below this Pliocene surface another plain is found in
the basin. This is not s surface of erosion, but one of

deposition. Below are the modern flood plains.

Origin of the basiahs

The origin of the broad intermontane basins in this
region is a much discussed subject. Several theories
have been proposed. Umpleby (1913 I, p., 17 and 1917,
P. 22) assumes that the valleys were formed in the Eo-
cene by stream ercsion. Atwood (1916, p. 708) stresses
faulting and warping before the basin beds were laid down.
Still another solution was proposed by Blackwelder (1917,
P. 543), who favors the theory that the basin beds cover-
ed a much larger area when they were deposited, that they
were downfaulted and subsequently eroded to the broad
valleys because they were weak beds between masses of
harder rock. Faulting certainly took part in the deve-
lopment of the modern valleys: a fault affecting the basin
beds and forming the eastern scarp of Nicholia Creek basin
has been mapped., If this faulting occurred only after,
or also before and during the deposition of the basin
beds, or went on more or less continuously, couvld not be

determined. Shenon ( 1928, p. 5) thinks that the faulting
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has been recurrent: the first adjustment defined the
velleys, later movements brouvght the basin beds into
fault-contact with the older rocks. The writer assumes
that the basins had more or less developed to their pre-
sent form when they received the Tertiary sediments, as
no remnants of basin beds, indicating a former larger
distribution, havé been found. ZErosion, faulting and
warping may all three have contributed to the formation

of the basins,
Glaciation

Glacial cirques are found at the heads of most
major streams. Especially well-developed are those of
Nicholia and Meadow Creek. Also a tributary to Nicholia
Creek has a small, but perfect cirque (pl. 2 ). Exten-
sive talus-slopes now cover the oversteepened walls of
the cirques., U-shaped valleys, like Nicholia Creek
valley, were formed below the cirques. The narrow ridges,
ciiffs and pinnecles along the Continental Divide are
also due to ice action. ZEighteenmile Peak was surrounded
on three sides by valley-glgciers. Two of these went west-
ward and one eastward down Cottonwood Creek valley. The
three glaciers gave the peak the shape of a " horn ".
Besides these erosional features also deposition by gla-

ciers is evident. Two different periods of glaciation

could be recognized. They have been mapped as belonging
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to the Bull Lake and Pinedale stage of the Wisconsin
period of glaciation. Both left morainic material and
the distinction between them has been made largely on
their topographic expression. The writer has followed
Blackwelder (191f) who gives a description of the gla-
cial deposits in central western Wyoming and points out

the differences.

finedale stage. The Pinedale stage is the youngest,

and its deposits are fresh and almost untouched by ero-
sion. A good example sre the two terminal moraines at
the junction of Trail and Nicholia creeks ( pl. 10 ).
Also the characteristic hummocky topography is present
there. It is also very well preserved where Cottonwood
Creek enters the basin, Glacial lakes still exist and
have not yet been filled. Nearly all lakes of the area
occur in Pinedale morainic material and at the foot of
the cirque of Cottonwood Creek. The Pinedale moraines
are closely related to the present valleys. Their materi-
al is little affected by weathering snd large boulders

are gstill at the surface.

Bull Lake stage. The Bull Lake stage is slightly

older then the Pinedale. Its glacial features are less
sharp and the topography consists of a series of low,rol-
ling hills. No typical hummocky surface is present. No
glacial lekes exist in its deposits, and some that once

existed have been completely filled. The till is not in
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close relationship with the modern valleys, dbut is found
all along'the mountain front and blends into the modern
terraces. No large boulders are found at the surface.

The glaciation of the Bull Lake stage was of greater ex-
tent than that of the Pinedale. Perhaps a piedmont-gla-
cier existed, whereas the Pinedale glaciers were valley

types.
Terraces

The greater part of Nicholia Creek basin and espe-
cially the northern half of it is occupied by river
terraces. Along Nicholia Creek two distinet terraces
can be recognized, besides the present flood plain.

‘The younger one is of less extent. All terraces have
been mapped as one unit. They are thought to have been
deposited by glacial streams carrying much outwash. The
higher very extensive terrace was formed during Bull Lake

time. Another was deposited during Pinedale time.

Summary of post-Cretaceous physiographicbevents

At the end of the Cretaceous period or during early
Eocene time intrusion took place and thé already previ-
ously folded strata were uplifted. Mountains were formed,
‘which were continuously attacked by erosion. In fact, e-
rosion had produced a subdued topography by the end of

Eocene time. quing the Oligocene lava flows wereApoured



77

out on the surface together with mudflows from nearby
volcanoes. Renewed uplift took place and the develop-
ment of parallel, northwesterly trending basins started.
Faulting snd warping together with erosion may have been
the ceuse. During the Mio-Pliocene these basins were fll-
led with sediments derived from the adjacent lands and
volcanic ash blown in. It was a time of erosion in the
mountains and deposition in the basins. Volcanic activ-
ity also went on during the Miocene. In Pliocene time the
highlands were worn down and the basins filled. A land-
scape of low relief resulted. In middle PlioceneAfault-
ing took place, causing a rejﬁvenation of the streams,
which started to erode and formed a pediment surface,
truncating the basin beds. This time the material was
carried away and not deposited in local basins. Regional
uplift and rejuvenation of faults went on into Pleisto-
céne time and part of the basin beds was eroded away.

Then valley glaciers came into existence, spreading out
at the foot of the mountains and forming a piedmont gla-
cier during the Bull Lake stage of glaciation. In flood
stage the streams were full of water from the melting ice,
They carried away material from the till, and deposited

it as river;terraces between what was left of the basin
beds. Glaciation during the Pinedale stage was not as
severe as during the previous Bull Lake stage. When the

glaciers receded they left moraines, which are still very
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well preserved, At some places lakes developed in them,
Also in the higher parts of the mountains the ice had
wrought some changes: glacial cirques and a rugged
divide. No glaciers are left, but some snow banks are
persistent throughout the year. The meltwater of the
Pinedale glaciers cut the older terraces and depcsited
sand and gravel in terraces which are of less extent
than those of the Bull Lake stage. At the present time
erosion isiactive in the mountains and cut-and-fill in

the basin.
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ECONOMIC GEOLOGY

Mineral deposits

Generasl remarks. No operating or abandoned mines
are present in the area, but at two plades prospect holes
were noticed. The geology of each is of different char-

acter and will be treated separately.

' Prospect hole no. 1. DNear quarter section marker

3 ¢ 31, T. 15 S., R. 11 W., several prospect pits are
present., Here we find unaltered, brown, and shattered
basalt and andesite tuff. In the immediate vicinity of
the prospect ﬁits the color is green in different shades.
A zone, about 50 feet wide of the green volcanic rocks
rﬁns through the brown. The green color decreases in
intensity toward the contact with the brown rock. Trans-
lucent white and bluish quartz was found in’the altered
zone, as well as brown banded chalcedony. Microécopic
investigatibn revealed that hydrothermal alteration had
taken place. Chlorite, sericite, limonite, carbonate, and
quartz were the most important secondary minerals. No
ore was found. Umpleby (1913 I, p. 54 - 57 ) desecribes
similar mineralizations in nearby Idaho, as belonging to

the epithermal group. Here the zones carry microscopic

gold and silver.
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Prospect hole no. 2. Prospect pits are also found
about 1000 feet north of Montana - Idaho bcundary, marker
no. 574 in section 36, T. 16 S., R. 11 W. The pits are
about 3 feet.deep and are made in gray limestone, with a
gossan of quartz and limonite., The oxidized outcrop is
close to the Kinnikinic quartzite, which is here faulted
against the Paleozoic limestones.

The report of Anderson and Wagner (1944) mentions
similar conditions in the Birch Creek district, Idsho.
There all the deposits, except one, are in limestone and
lie within a few hundred feet of the guartzite. The ore
of the district is mainly oxidized and the chief ore
minerals are secondary, mostly carbonates of lead, zine,
copper, The mineralization belongs to the mesothermal

.

type ( Anderson and Wagner, 1944, p. 15 - 16 )
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