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ABSTRACT

The areé of the Lima Peaks was mapped during the summer
of 1948 by the author and Richard Benner, graduate students
of the University of Michigan. It covers approximately 80
square mlles, and is located 1n'Beaverhead County of south-
" western Montana, and Clark County, Idaho.

| The area is part of the shelf zone Jjust east of the
Rocky Mountain geosyncline. The oldest rocks that outcrop

in the area are Misslassipplan in age, and all younger periods
are represented by formations common to the géneral reglion of
the Rocky Mountalns. The thésis area lies Jjust within the
western 1limit of Mesozoic strata. The Paleozoic and
Mesozolc formations are mostly marine, whereas the Tertiary
formations conslst of a Paleocene orogenic copglqmerate,
Oligocene and Mlocene basaltic and rhyolitic lava flows, and
Miocene fresh water limestones. A

The main Laramide structures trend northwest-southeast,
and are probably a contindation of the Wyoming Laramide
structures. Two thrust sheets occur in the thesis area,
and both have brought Mississipplan rocks eéetward over the
Tertiary Red Rock conglomerate. There 1s some evidence of
early Laramide“cross-foldlng along axes running northeast
to eduthwest. A series of high angle block faults also

runs northwest to southeast through the area. These are the



same Mid-Tertlary faulte that run from Utah and Wyoming into
eastern Idsho under the Snake River lavas and appear agaln in
Montana.

The thesis area 1is 1ocatedlwithin Fenneman's Northern
Rocky Mountain Physiographic Province. In contrast with the .
rest of the provinbe, gsome of the mounpains in the Lima
Peaks areé have a definite north—south alignment. The central
highlands are an uplifted horst block, and the basins on
the north and south are grabens. The block faulting 1is
thought to be Miocene. Three erosion surfaces have Pbeen
‘discovered within the area. They stand at elevations of
6,000 to 6,200, 6,700 to 7,000, and 7,500 to 8,500 feet

above sea level.






INTRODUCTION
Location and desecription of thé area

The area of the Lima Peaks was mapped during the summer of
1948 By the author and Richard W. Benner, graduate students of the
University of Michigan. It inélndes approximately 80 square mlles,
and is located malnly 1n Beaverhead County of southwestern Montana,
. but extends southward into Clark County, Idaho. It i1s bounded on
the north by the Red Rock Basin near Lima, on the west by Little
Sheep Creek and a southward extentlon of its west fork, on the
south in Idsho by Divide, Medicine Lodge, and Irving Creeks, and
on the east By a line through Alder Créek, Montana to Irving Creek,
Parts of six townships are contained in the area. These are 14 8.
‘ eand 15 8., R 8 W., and R 9 W., in Montana, and T 13 N., R 32 E.,
~ and R»BBVE., in Idaho.

" The most prominent features of the area are the centrally
located Lima Peaks, from which this thesls takes its name. These
peaks are a ﬁistinctive and colorful group of mountalns of reddish
sandstone, whose upper slopes are bare of vegetation, and which
rise from three to flve thousand feet above the surroundihg stream
valleys and the Red Rock Basin. The major peak of this group, Mount
Garfiela; is 10,961 feet high. Immediately adjacent to the south- A
east 1s another group of slightly lower but much more rugged moun-
taine referred to as the Red Conglomerate Peaks. These two groups
of mountains, aslong with lower rldges, are a part of the Beaverhead
Range, which pasées east-west through the area. The dralnage divide
of the range 1s both the Continental Divide and the Montana-Idaho
state line. |



Bordering the mountalns are the Red Rock Basin in Montana to
the north, and the Bouth Medlicine Lodge Basin in Idaho to the south.
The two basins are essentlially similar in that they are bellieved
to be downfaulted'blocks adjacent to the relatively uplifted blocks
in the Beaverhead and Tendoy Mountains between them.

The part of the area contalned in Montana is drained meinly
by the threé branches of Little Sheep Creek, and by Birch Creek.
These two streams flow northward into the Red Rock River near the
town of Dell, about five miles north of Lima. Passable roads along
the thhee forks of Little Sheep Creek reach to almost all parts of
the area north of the Continental Divide. 1In Idaho, the area is
drained by Divide Creek, Warm Creek, and Irﬁidé Creek and their
tributaries. These creeks flow southward into South Medicine Lodge
Creek, the master stream of the basin. A good road from Dubois,
Idaho enters the ares :rom the south and proceeds onward to Bannock
Pass on the Divide. Another road branches off from this one and
runs up Irving Creek Valley to the base of the Red Conglomerate

Peaks.

Previous study of the Area

Little previous work has been done 1in the lmmediate vicinity
of the Lima Pegks. Professors E.S. Perry and U.N. S8ahinen of the
Montana 8chool of Mines made a reconnalssance map of this part of
southwestern Montana in 1946, but it has not been published. Durs
ing the summer of 1947 the Department of Geology of the University

>



of Michligan instituted a program of mapping the geology of the
- hitherto unmapped portion of southwestern Montana. Fileld work
‘was done 1n areas adjacentito the Lima Peaks by graduate students
Robert Scholten, Walter Kupsch, Henry Krusekopf, Stewart Wallace,
 Edward Lipp, end Robert Becker, Richard Benner and the suthor
assisted Kupsch and Scholten during the latter part of the summer.

Acknowledﬁfﬁents

The author is indebted to Professor A.J. Eardley of the
University of Michigan for his sﬁpervision of the field work, .
the construction of the'geologic map and cross sectlion, and
the writing of the report. The author 1is also indebted to
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within Whose‘Ph.D. theeis area the author's area is located, and
who furnished the suthor with inférmation pertaining to problems
of age relationships and structures based on knowledge obtained
in the adjoining area during the summer of 1947. Use was made of
the reconnaissance map of Professors Perry and Sahinen for infor-
mation as to the presence of certain formationé. Helpful sugges-
tions and information was also given the author by graduaté
students Dean Cuﬁmins end Williem Smith, end by L.L. 8loss and
Carl Moritz of the Phillips Petroleum Company.



STRATIGRAPHY
Introduction

A fairly complete column of Upper Paleozolic, Mesozole, and
Cenozoic sedimentary rocks is present in the Lima Peaks area.
Also pfesent are Tertiary extrusive volcanic rocks in the form of
rhyolltes and basalts. No rocks oldef in age than lower Missis-
sipplan occur in the area. However, some have been mapped in other
parts of the Beaverhead Mountalins lmmedlately to the south and west,
and are brlefly discussed below. The thesls area llies Just within
the western limit of Mesbzoic outcrops in this reglon. According
to C.P. Ross (1947, P.1126) this boundary, in Montapa, trends
ropghly along 113° W. Longitude which passes through the south-
eéatern part of the Beaverhead Mountains.

The measured sections included in this :gpppt are, with a
few exceptions, the result of fleld work done during the summer
of 1947 by the six graduate students mentioned previously, Since
these sections are located close to the area of the report, and
are, for the most part, better exposures than those in the thesis
area, 1t was felt that there would be little to galn by repéating
' their work. The Priassic section was, however, measured in the
Thesis area by the author and his co-worker Richard Benner, and

the information obtained included in this reporst.



Btratigraphic Column

Lima Peaks Area, Montana

Age | Formation Thickness
Quaternary Alluvium‘ Variable
\Pleiatocene Gravels 100!
Miocene (%) Volcanic rhyolites 300!
Miocene (?) Basin limestones Loo!
Oligocene Volcanic basalts 300!
Paleocene Red Rock conglomerate 2000! #
.Loﬁer Cretaceous Kootenali fm. '1078'
Jurassic Rierdon fm. 100!
Jurassic Sawtooth fm. " 200!
Lower Triassie - Thaynes fﬁ. 410!
Lower Trlassic Woodside fm. 5581
Lower Triassic Dinwoody fm. 7631
Permian Phosphoria fm. . 650!
?ennsy1Vanian Quadrant quartzite 3000!
Miss-Penn. ~ Amsden fm. 1500
Mississippian Madison limestone 2000

With the exception of the three lower Triassic

formations, the thicknessess are approximated.



Pre-M;esiesippian rocks in adjoining areas

Pre-Cambrian. No pre-Cambrian rocks have been found
in the vicinity of the Lima Peaks. William Vaughan (1948, p.9)
describes rocks of the pre-Cambrian age outcropping in the north-
east part of the Elk River Canyon in the Graveiy Range fifty
miles to the east. He states that they consist of schists, and
gray-white, dense, flne grained quartzites similar to pre-Beltian

rocks exposed near Pony, Montana. The thilckness 1s unknown.

Flathead quartzite. The(Flathead gquartzlte of middle-
Cambrian sge 1s not exposed in the thesls area. However, 1t
does occur as the bottom unit in the Beaverhead thrust sheet
at the head of the west fork of Little Sheep Creek sbout two
milés to the west. Here the Flathead 1s a red to brown well
bedded quartzite that has been thrust over the Tertiary Red
Rock conglomerate and considerably broken. Kﬁpséh (1948, ».13)
gives a minimum thickness of 900 feet to the formatlon in this
reglon of Montana. He attributes the reddish color to included
particles of hematite. ‘

The type locality of the Flathead quartzite 1s near

Flathead Pass at Three Forks, Montana. The formation was first

named by A.C. Peale (1893, P.20).

Kinnikiniec quartzite. BScholten has mapped a8 Kinnikinie

an almost pure white, in places pink banded, quartzite in Four
Eyes Canyon near the west fork of Little Sheep Creek. He
assigns a thickness of approximately 800 feet to the Kinnikinie

(1948, p.16).



The Kinnikinic quartzite of Ordovician age was first
nemed by C.P. Roes (1934, ».947), the type locality being
near Kinnikinlic Creek in the western part of the Bayhorse

quadranglé in Idaho.

Three Forks formation. The Three Forks formatlon where

exposed in the upper pert of Four Eyes Canyon above the
Ordoviecien Kinnikinic is a soft, slope forming, calcareous
shale that is mainly yellow to gray 1n.colof with brown
included masses. At the base of the formation is a purplish,
cherty shale. The thilckness of the Three Forks is estimated
by Scholten (1948, ».18) to be approximately 600 feet.

The name Three Forks was given by A.C. Peale (1918, ».29)
to a formatlion of Upper Devonian age exposed at Three Forks,

Montansa.

Misslssipplan system

Madison limestone. The Madison limestone of upper

Kinderhookian age and Osage age was first named by A.C. Peale
(1893,p.33), who located the type section in the Madison Range
of the Three Forks quadrangle, Montana. However, L.L. 8loss and
R.H. Hamblin believe that the section is not a satisfactory one,
and.propose a new type section located at Logan, Montana (1942,
P.305). The Madison was first described as a formation, but now

is considered by many to be better classified as a group.



The Miasiésippian limestones of southwestern Montana and
eastern Idaho have all been mapped as Madison by the field »
parties of the University of Michigan. The Lodgepole and Misslion
Canyon members have not been differentiated, the problem requir-
ing more detalled stratigraphic study. The major difference
between the two members is a lithologic one, the Lodgepole being
massive, whereas the Misslon Canyon i1e thin bedded.

The Madison 1imestoné is found in two parts of the area.

In both places it occurs as the bottom unit of é thrust sheet;
end, therefore, the base 1s not exposed. In the northern part
of the area the Madlson is thrust over the Red RocKSQOnglomerate
of Paleocene age. It is conformably overlaln by the Amsden
formetion of upper Mississippian and lower Pennsylvénian age.
The Medison limestone here 1ls a thin bedded, dark grey limestone
containing calecite incluaiéns. Fossils are present, but are
poorly preserved. vThe beds are highly contorted. The thickness
of the Madison in this paft ofthe’ area depénds upon the position
of the thrust plane which slices at an acute angle through the
formation. As a result, the Madison rangés in thickness from
1000 to 2000 feet and the maximum figure 1s nexrer the true
thickness.

In the southern part of the area the Madison formation
forms a long ridge of high hills that crosses the area from
east to west Just south of the Montana-Idsho sfate line.

/
The Continental Divide runs slong these hills for several miles.

-11-



Hére more thaﬁ 2000 feet of Madison is exposed as the
remnant of a second thrust sheet which also lies on top of
the Red Rock conglomerate. Further east the Madlson rests
on top of “the Cretaceous Kootenal formation. The Madison
1s'unconformab1y overlaln by Tertlary limestones and gravels.
How much Madison existed before the thrusting and eroéion
and deposition of the Tertiary beds is not knbwn. Kupsch
and Scholten (Personal communication) estimate more than
3000 feet and possibly as much as 10,000 feet of Madison
limesfone exlste in the part of the Beaverhead Mountains
west of Nicholia Creek Basin, about 20 miles to the wess
of the overthrust. They have made the only detailed
measurements of the Madison to date in this region. Thelr
partial section of 900 feet is included below.

-~

"Madlson formation messured by Kupsch and Scholten
in sections 7, 8, 9, 17, T. 17 S., R. 10 W.

12. Limestone, medium to dark gray, thin bedded, bands
of dark chert, cliff forming ------—~——m—ceccmeec——- 350!

II. Limestone, dark gray, weathers differentially in
light gray to tan, laminated in gray colors, bedding
of intermedlate thickness, scattered chert nodules,
crinoid stems and large cup corals, bryozoa, gastro-
pods, crinoids decrease, corals increase in quantity
in higher parts of the unit ------=—e- e ————————— 200!

-]2=



10.

.Limestone, light to medium gray, massive, strongly

Jointed, almost entlirely bullt up of fosslls, mainly
crinoids, calcite veins, chert layers -—-—~——-—=—-—-e 60"

Limestone, medium gray, weathers to tan and light
gray, bedding of intermediate thiokness, strongly :
Jointed, calcite veins, chert layers, few fosslils - 30!

Limestone, light gray, weathers white, massive, no

_chert, completely bullt up of crinold stemg =—=—=—=- 30!

Limestone, light gray, laminations 1in gray colors,
cliff forming, caelcite veins, chert, very fossili-
ferous, crinold stems, corals, bryozoa, brachiopods 50!

Limestone, gray, thin bedded, slope forming, chert
nodules, calclite veins —--c---c—mreccmrmm e 15!

Limestone, dark gray to black, fan-like laminations,
breccia layers, regular chert beds, caleclite veins,
fosslliferous =—=——-—-cemmec—c——ccae. ——————— - 100!

Limestone, gray, weathers pink, laminations in Brown
and red colors, massive, chert nodules, calcite velns,

COTrals == e e e e e e 30!
Limestone, dark gray, thin bedded, chert and calcifé,

fossiliferous ==-—---s-—mmmmm e 251
Shale, brown, and sandsfbne, violet-pink -—~=e-—eea- 30'

Limestone, dark gray, breccia with sandstone fragments,
rusty brown, few fossllas, some lenses of recrystal-
ized crinoid stems =—--mmm—emm e 60!

Total thickness 980!



Pennsylvanian System

Amsden formetion. The Ameden formation was named by N.H.

Darton {1904, p.379) who described the type locality on Amsden
Creek west of Dayton, Wyoming. ‘ This formafion is now known to
contain beds of both Mlssissippian and Pennsylvanlan age. Ruth
Bachrach (1946, p.71) tentatively places the period boundary
at the base of the Darwln sandstone member, all units below
belng considered upper Mlssisslpplan 1ln age. C.C. Branson
(193?, p.650) proposes the name Sacajewea for the Mississippian
Amgden beds, restricting the name Amsden to the units of lower
Pennsylvaﬁian age. However, Bachrach states that the term
Sacajawea has not been generally accepted because the
Mississlpplan strata do not comprise a mapable unit.

| The Ameden formation of the thesis area contains gray
limestone beds, dolomites, red shsles, some thin sandstone
units, and s gypsum bed. The Darwin sandstone member, which
is present in northwestern Wyoming, does not occur in the
area of the Lima Pegks. The gypsum bed, which is about 100
feet thick, contalns both the massive and the fibrous varieties
of the mineral. The color 1e'predominate1y white, but shades
of pink, yellow, and gray are also found. The outcrop occurs
approximately two miles above the Forest Service campground

on the road along the east fork of Little Sheep Creek in



,

section I, T 15 8., R 9 W. The deposit has been mined
intermittantly.

The exact contact of the Amsden with the overlying Quadrant
quartzite 18 a matter of doubt in certaln placés in the area due
to the thick cover of talus blocks of the Quadrant. Also, the
sandstones and dolomites of the Amsden seem %o grade 1nto'those
of the Quadrant formation. The author, however, considers the
contact to be between the first of a regular succession of
sandstone beds and the underlying dolomite layer. The sand-
stones form inconspicuous ledges,~while the dolomites are
usually found as grass covered slopes contalning pieces of
dolomite. The Amsden occurs throughout the area mainly as
grass covered sloﬁes containing acattered outcrops that do.
not form conspieﬁous ledges. Therefore the thickness of the
fofmation was epproximated és being 1500+ feet. The Amsden

is conformable on the Madison.

Amsden section measured in NW 1/4 Section 36, T. 13 8.,
R. 10 W., by Krusekopf and Wallace.

- 29. Limestone, dark gray, weathering to light gray, fine

grained —-----cmcomm e e 2!
28. Sandstone, light tan, frigble ==--—mececcccccmmcccme———-— - 6!
27. Limestone, dark gray, weathering to light gray, fine

grained ==— s e e e e e e 8!
26. Covered interval ==—-—-—m=mec—mcce e —————-e= 58!

~15-



25.

24,
23.

22.

21.

20.

19.
18.

17.

16.

15.°

14.

13.
12.

II.

10.

Limestone, dark’gray, weathering to light gray, massive,
denge =emmm—e e e e - e —————

Covered intervel —---——=c e e

Limestone, gray, weathering to buff, crystalline, well
bedded, contains numerous thin bsnds of dark chert ---=-

8hale, gray, grading upward into brown, upper part of

- bed 1s covered —-—---m—m—mmmmmemceee e

Sandstone, light brown, thin bedded, calcareous, bedding
planes well developed, weathers in places to a reddish
purple =c——mc e e e e e e e

8andstone, tan, weathers to a rusty brown, massive, and
frighle —=—ce-m—mm e e

Covered interval ——------————eomea—u- e e ‘

Limestone, gray, finely crystalline, contains numerous
organlc fragments -—--=----rmemc——mmoo—eo——— o —————

Limestone, dark gray, weathers to buff, arglillaceous,
thin bedded, some interbedded chert —=—=—-cecc—ecceccccac—-

Limestone, gray-brown, weathering to buff, finely
erystalline, fossiliferous -----------------------------

Shale, gray, thin bedded, caleareous, containing
numerous pelecypods ————mmmcmcmmm e

Sandstone, light tan, weathering to orange buff, hard,
quartzitiec -———-------emmem e e

Shales, gray, célcareous, thin bedded =—=---c—ccmcemcacc——-

Limestone, dark gray, weathering to buff, crystalline,
contalning productids --=----—-mmrmrmcrm e

Shales and limestones, gray, alternating and grading
upward into brownish end buff colored beds -—---—=m——ee=-

Limestones and shales, argillaceous, dark gray, weather

to light tan, thin bedded, calcareous, contaln fragments
Of gYPBUM === mr e e e e e

-16-
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621
80!
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9. Limestone, medium gray, medium grained, highlj fractured 29!

8. Shale, dark gray, weathering to light gray, calcareous,
thin bedded with some interbedded argillaceous limestone 67f

7. Limestone, light to medium gray, weathers to buff, finely
erystalline, highly fractured, fractures filled with
secondary calcite —-—c—c—mmmme e e 14

6. Bhale, dark gray, weathering to light gray, celcareous,
thin bedded, some interbedded argillaceous limestones - L3t

5. Limestone, gray, thin bedded, argillaceous -————==-—=-- 67!
4, Limestone, buff, thin bedded, silty —-—=—=r-memommemm——— 10!
3. Limestone, dark gray, fine gralned,vpetroliferous odor-- L
2. Shale, gray, weathering to lighter gray, thin bedded,

calcareous, contains pelecypods =e—=wcmc—ccccccccanc——- 86!

1. Limestone, dark gray, weathering to buff, dense) compact 461

Total thickness 2022!

Quadrant gquartzite. A.C. Peale first named the Quadrant
(1893, ‘p. 32). He applied the name to beds lying between the
Mississipplan Madlson formation and the Upper Jurassic Ellis
group on Quadrant Mountain in the Three Forks quadrangle of *
Montana. W.H. Wood (1896, p.5), D D. Condit (1918, p.111),
and H.W, Scott (1935, p.1038) have used the name to represent
strata of different ages. Thé name, as used in this paper,
applies to those beds of Pennsylvanian age lying above the

Amsden formatipn and below the Permian Phosphoria formation.

-17-



As such,/it 1s approximately equivalent to the Tennsleep
formation of Wyoming and Montana. |

The Quadrant formation of the Lima Peaks area conslsts of
white, tan, gfay, pink, and dafk red sandstones and quartzites.:
The sandetones are resistant, medium grained, and sub-rounded.
The quartzites are very hard, fine grained, and massive. These
' sandstones and quartzites form the backbone of mogt of the high
country in the central part of the thesls area. Meny of the high-
er ridges and all of the Lima Peaks are made up of these beds,
which in many places, are covered with thick slopes of talus
blocks. These talus slopes are very consplcuous, and are typl-
cal of outerops of the Quadrant in Montana. The Peaks themselves
are colorful, and consist of mostly the pink and darker hued |
quartzites and sandstones. Lamminations are abundant, and
because they are white, pink, and red, they are very contrast-A
ing. The slopes of the Peaks are void of vegetatlon, which
makes the colore stand out from great distances away. The
lower Quadrant ridgeé are covered in most places with thick
forests of pines.'.The underlying Amsden formation and the
overlying Phosphoria formation seem to be bare of trees, and
have only grasses and sagebrush on their slopes. Thus the
trees are a gulde in locating the approximate contacté of the
Quadrant with the other two formations.

W.H. Scott (1935,p.1011) stateé that the Quadrant of

Western Montans is disconformable upon the Amsden. Dip

-18-



readings Ln.the theslis area lend support to this statement,
although the evidence is far from being conclusive enough
to definitely determine the exact nature of the fontact with-
out further study. According to Professor Eardley (personal
communication) the Amsden is missing entirely in the area near
Armstead, about 25 mlles to the north. Professor Eardley
states that here the eastern facles of the Quadrant rests
directly upon the Madison formation.

The Quadrant formation in the area of the Lima Peaks
is estimated by the author to be 3,000 feet thick. No section
was measured; but one measured the previous summer 1is included

below.

Sectlon of Quadrant formation measured by

Krusekopf, Becker, and Lipp in E. 1/2, sec-

Canyon.
12. Sandstone, dark gray, massive, calcareous cement 26.3'
11. Covered interval, dolomite and chert layers --- 280.9!

10. Limestone, more pitted than before, otherwlse
similar to unit 8 ——e———mmcem e 8.8!

9. Dolomife ===——m—mem e e 15.5"

8. Limestone, gray to light tan, weathers white to
tan, finely crystalline, dense, slightly pitted 5.0¢

7. Dolomite, white to light gray, dense at base,
sandy, chert at TOp == e 54.9¢

6. Sandstone, white, soft, easily weathered, forms
rolling slopes - ——————— e e e e e 131.0¢




5. Bandstone, (first exposure), white to light gray, weathers 1724.9!

to brownish tan, dense, becomes light tan near top ———==--

L, Sandstone, dark tan, weathers to yellowish tan, friable,
maessive, many black llichens covered talus slope near

BOP e e e 913.6¢

3. Sandstone, light tan, weathers to light gray, friable,
massive, interbedded with two inch layers of more
quartzitic and slightly dolomitic near the center.
Also another member of quartzitic, slightly dolomitic

sandstone near tOp =——m—emm—m—— e —————— e e 109.#'

2. 8andstone, quartzitic, very dense, gray to buff,
weathers to tan, thinly bedded with 3 inch shaly
sandstone layers =—==—mec——mem e ————————————

1. Sandstone, white to buff, weathers to light gray,
mottled slightly reddish, friable, fine well
sorted sand, becomes more dense near top, massive,
cross bedded ———---cmmmmmemm e e

Total thickness 3319.1¢

Permlian System

Phogphorig formation. The Phosphoria fofmation was named
by R.W. Richaerds and G.R. Mansfield (1912, p.684) for exposures
in Phosphoria Gulch near Meade, Ideho. In the Lima Pegks area
the formation conéists of interbedded gray dolomites, limestones,
shales, and some slltstones and sandstones. The Rex chert mem-
ber, as a distinet and thick unit is not present; however,
cherty beds near the top may'eorrespond to it. The author and
Richard Benner found a bed of pisolitic phosphorite in a
prospect trench on the west side of the middle fork of Little

=20~



Sheep Creek about one mile above the Jjunction. This bed,
only a few feet thick, is dark gray to black in color, and
gimilar to phosphorite in the Phosphoria formation of
Wyoming. Probably the phosphatié shaleé and limestones
oceur, but are not exposed.

The Phosphoria conformably overlays the Quadrant
formation, and is in turn coﬁformably overlain by the Lowér
Triassie Dinwoody formation. It 1s more resistant than the
Dinwoody, and so sftands out as ciiffs or ledges on top df the
Quadrant and below the grassy slopes formed by the Dinwoody.
The formation 1s very fossiliferous, but no time-was spent
in collecting, other than picking up specimens while map-
ping the extent of the formatlon.

The author estimates the thickness of the Phosphorias
formation in the Lima Peaks area to be approkimately 6504

feet.

Phosphoria section meesured in section 35, T. 13 8.,
R. 10 W. by Krusekopf, Becker, Lipp.

-

20. Limestone, tan to medium gray, weathers gray, very
hard, fine gralned, crystalline, mottled white with

calclte, partly covered =——==—-—ceremmmece—c——————— 10.0!
19. Dolomite, gray, weathers gray to reddish brown,
cherty, massive, hard, fractured@ =—-—-————ec—ecmmeu- 191.6!

18. Covered interval —-=——cc—mmc—ceme—- ————————————— 88.0!



Sandstone, mostly covered by small angular blocks of

17.
brown sandstone —-------me-—memme e
16. Limestone, gray, weathers to yellow tan, massive,
hard e=—=—-e—cr e e -
15. Shale, gray to buff, mostly covered SR ——
14. 8iltetone, red, slightly calcareous, massive at
bottom and top, thin bedded in between, forms small
Cliffg =rremermm et e
13. Limestone, yellow-tan, fine grained, thin bedded to
MaBBLlVE == e e
12. Dolomite, dark gray, weathers to light gray, contains
large blulsh chert nodules ——-=----—cee-cocmmcoama
11. Sandstone, light gray to white, weathers buff to
light gray, calcareous, shows faint color bending -
10. Dolomite, light gray, arenaceous, massive, highly
fractured, contains some chert nodules ===—-—e—we- -
9. Covered interval ——------mememm e
8. Bedded chert, gray-greeén —=-—-——=——c-m—m——em————e—e
7. Limestone, dark grey—-green, weathers gray, arenaceous,
hard, massive, interbedded thin chert layergs -——-w--
6. Limestone, gray, interbedded with chert layers 2 to
8% thick; chert is light to dark gray; near top chert
disappears and coneretions are present —--—————e————-
5. Dolomite, light gray, abundant dark chert «--—==---
L. Covered interval =—-—----- S
. Sandstone, light gray, fine grained, calcareous near
base, hard, massive, contains calclte stringers ---
2. Limestone, light gray, fine grained,'hard, massive,
contains lerge dark gray chert nodules =—=-=-—-—-==—-
1. Dolomite, gray to buff, weathers light gray, very

fine gralined, sandy —=-----=--mm-cemmcmmmer e

Total thickness

-22-

66.01
15.7¢
31.6"
45.1"
10.0!

8.41

6.3

92.6!
11.7!
.81

6.0
76.3}

12.5¢
8.4
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71.61
5.0!
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TRIASSIC SYSTEM

Dinwoody formation. The lower Triassic Dinwoody

formation was named by Blackwelder (1918 p.425) for outcrops
in Dinwoody Canyon in the Wind River Range of Wyoming. Previous
nomenclsture of Montana Triassic beds places all of them in the
kWoodside formation. However, on the baslis of mappling done in
southweatern Montana during the summer of 1947, it is believed
that three distinct and mappable unites occur. lThey correspond
roughly to the Dinwoody, Woodside, and Thaynes formations of
western Wyoming, and so the names have been tehthtlvely |
applied to them.

The Dinwoody in the thesis area 1s cheracterized by tan
to gray limestones and siltstones that weather chocolate
brown. The outcrops are not conspicuous, béing few in number;

and the formation is mostly represented by grassy slopes.

Dinwoody section measured in 8E. corner section 32
T. 14 8., R. 9 W. in gully on west side of Little
Sheep Creek 1/2 mile south of Two Spring Gulch. by
William Adam and Rlcherd Benner.

14. Sandstone, 1ighﬁ tan to gray, calcareous, weathers
chocolate brown ===————cmrocmm e - W

13. Sandstone, light gray to tan, no echange upon
weathering, calcareous, thin bedded with two -
4" beds of sandy limestone, gray in color =——-=--- 4!

12. Limestone, gray, weathers dark brown, arenaceous,
thin bedded —---—r-———mmm e 21



11l. Sandstone, light gray to tan, weathers same color,

calcareous, thin bedded —-=—----=—-=-o-mm———o——oe 3!
10. Limestone, gray, weathers chocolate brown, arena-

ceous, thin bedded ~-=-=--—-m---m——meosmeeo—oo—on 1!
9. Sandstone, grayish white, friable, thin bedded,

C8lCAreoUS =—mmmm e e e e 3!
8. Limestone, gray, weathers chocolate brown, arena-

ceous, thin bedded =—=-=-m———-m—e—mecem e 5!
7. Sandstone, light gray to tah, thin‘bedded, calcar-

BOUB e e e e e e e e e e e e e e 21
6. COVEred =—m—mmm—— o e e 3!
5. Limestone, gray, weathers to dark brown, arena-

‘ceous, thin bedded =——==--=e-m—mmmemme——— e 2!
Lh. Covered ~——-=————memm e 21

3. Limestone, white to gray, weathers blue-gray, sandy 4!

2. Limestone, gray, weathers to chocolate brown, thin
bedded, arenaceous, contains lingula =—--===—-=—=—-. 78¢

1. Covered interval between the last outcrop of the
Phosphoria and the first outcrop of the Dinwoody
containing float of chocolate brown and gray
limestones and 8iltstones ————eem—mcmcmccmmmmecm———o 650!

Total thickness 763!

Woodside formation. The Woodside formation of Lower
Triassic age was named by J.M. Boutwell (1907, p.446) for
exposuresg in Woodside Gulch, Park City, Utah. The Woodside
in the thesls area forms reddish brown and white to tan
'elopes containing few outcrops. The slopes are covered with

talus from the underlying beds. The formation consiste of

=2l .



gray to brown limestones, siltstones, sandstones, and

shsales.

which gives the distinctive appearance to the slopes.

The Woodeide seems to be conformable on the Dinwoody, and

- 18 itself conformably overlain by the Thaynes formation.

No fosslils were found in the Woodside.

ness of the formation is 558 feet.

Woodside sectlon measured above measured sectlion of
Dinwoody at same locallity - SE. corner section 32
T. 14 8., R. 9 W. by William Adam and R. Benner.

15. Slope of tan soils (shale?) =——=—-——e——emmmmmoe
14, 8lope of red solls, small pieces of red limestone
" in float, unknown whether color is stain or not --
13. Limestone, mottled gray to brown, weathers gray, |
rusty color in places due probebly to stain from
above, massive, forms ledge ——-e—me—er——c—mecec—aa—-
12. 8lope, reddish brown limestone float, very small
pleces, almost 8011l -—=-—=---—mm———mmm e
11. Limestone, mottled gray and brown, weathers gray,
stained brown in places, forms ledge -=--—=—m——-u--
10. Siltstone, greenish gray, soft, very shaley,
8lightly calcareous —----=——=--—e-m—comoecoeaeone—
. 8lope, red limestone in float ==-==--—-mmomoseee—-
8. B8iltstone, gray, calcareous, massive =——-ecmcemecaa-
7. 8l1ltstone, light gray, very frisble, calcareous,
forms white to tan s8lopeg =———ce-—rmecmcmrccccca———
6. Siltetone, white to gray, weathers tan, caléareous,

fine bedded, 3" shale beds included =-—===ce—cc—w-

-25-

These beds weathsr to a dark brown to red color

The measured thick-

5'
35!
10!

20!

- 55!

21

10!

15!



5. Blope, red soils with some patches of white soil - 701!

4. Sandstone, greenish gray, weathers brown forming
reddish brown slopes, very calcareous, fine gralned 35!

3. Same as bed 4 only very slightly calcareous —--——-= 20!

2. Bandstone, gray, wéathers to reddish brown slopes,
€alCAareous =———mmmmm e e 10!

1. Sandstone, gray, weathers to white slope, non-

CalCareoUs —mmm—mm e e 11

Thaynes formation. The Thaynes was named by J.M.

Boutwell for beds in Thaynes Canyon, Park City, Utah.

Found in northern Utah, eastern Idaho, and western Wyoming,
the formation has now been tentatively extended into south-
western Montana. The Thaynes of the Lima Peaks area con-
elats of tan to gray limestones and'éiltstones that form
prominent c¢liffs that stand out above the red slopes of the
Woodslide formation. The section where measured does not
represent the total thickness of the Thaynes due to the
overriding Beaverhead thrust sheet. There is an interval

of about 200 feet of grassy slope between the uppermost out-
crop of the Thaynes and the bottom of the Amsden in the over-
lying thrust. This covered interval, if included in the
Theynes, would make the section here approximatel& equal in

thickness to the sectlon measured 1n 1947 by Krusekopf,

-26=



Wallace, Lipp, and Becker.
Pentacrinus asteriscus ocoure in bed number 12 in

gbout the same position as in the 1947 section mentioned

above. The variety found in the Thaynes is characteristic

of it, and helps distinguish the beds from the overlying
Jurassic beds that contain g different variety of the

fossil.

Thaynes section measured in SW. corner of section
19 T.15 S., R. 9 W. in cliff on west side of west
fork of Little Sheep Creek by W.L. Adam and R.W.
Benner. o

13. Covered interval between top outcrop of Thaynes and-
bottom layer of the AmsdeRr —------------c-—mme—e———-

12. Talus slope, brown shaley limestone, thin bedded,
contains Pentacrinus asterisus in two foot ledge
at top == e e

11. Limestone, brown, weathers chocolate brown, shaley,:
thin bedded, contailns Pentacrinus, forms ledge =---

10. Talus slope, brown shaley limestone, thin bedded -
9. Limestone, white to gray mottled with brown, weathers
blue-gray to brown, fine grained, calcite inclusions,
forms ledge —~=——=-—--—-se—meos——o———— e ————

8. Limestone, brown, weathers chocolate brown, shaley,
thin bedded, forms ledge ————=—=-—meecmce—r————————

7. Limestone, white to gray, weathers blue-gray to
brown, calecite inclusions, forms ledge =—-—=——c——==-

6.'L1mestone, tan, weathers yellow tan, silty, fine
gralned, lamlnated -~--m—-—--mm———sommmeme e

-27-
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5. 8iltstone, gray, shaley, calcareous =—————=———=e-- 251
L. Limestone, gray, weathers brown, forms massive ledge 8!

3. 8iltstone, slope containing thin weathered ledges,
tan, very frigble =—=-————s——mme e 30!

2. Siltstone, gray, weathers brown, calcareous, forms
ledge, lower 4 feet shaley, upper 2 feet massive -~ 6!
1. Limestone, gray, weathers to tan slope, silty ----- 20!

Total thickness Lio?

JURASSIC SYSTEM

Sawtooth formation. The Jurassic Ellis group of

Montana is divided into the Sawtooth, Rlerdon, and Swift -
formations. The first two and possibly the third are
present in the Lima Peaks area. The Sawtooth formation

was named by W.A. Cobban (1945 p.1274) for outcrops in
Rierdon Gulch in the Sawtooth Range of Montana. In the
thesls area the formation consiste of tan to gray silt-
stones, shales, and limestones. These bedsvare not very
reslistant, and for the most part, form grassy slopes
blanketed with talus from scattered outcrope. The formation

is approximately 200 feet thick.

Sawtooth section messured in 8. 1/2 section 22,
T. 13 8., R. 10 W. By Krusekopf and Wallace.

3. Shale, light gray to buff, slabby and thin bedded,



calcareous, not the top of the formation? —---—--=- 105.5¢
2. S8iltstone, buff, weathers to a speckled éppearance 64 .21
1. Covered interval =——-=—memm e e 82.61

Rierdon formation. The RierdonAformation was named by

W.A. Cobban (1945 p.1277). The type section is in Rierdon
Gulch in the Sawtooth Mountaine of Montana. Wallace (1948,p.27)
| describes the formation in his area as belng calcareous shales
interbedded with oolitic limestones. Only the oolitic lime-
stoﬁes outcrop in the Lima Peaks area, althoughlgrassy slopes
above and below the limestone bed probably represent the

shales. The limestone is light brown, weathers to a light

gray, and is falirly resistant. It forms a ledge‘S feet thick.
The total thickness of the formation is not more than 100

feet, the exact contacts belng obscured by grassy slopes.

Rierdon section measured in W. 1/2 section 10,
T. 13 S., R. 10 W. by Krusekopf and Wallace.

4. Covered interval =——————m—mm=mmmm=mmm e 781
3. Oolitic limestone, gray to buff, massive =————a-w=- 10!
2. 8hale, light brown, calcareous ———-=———mcm—==——--- 20!
1. Olitic limestone, gray to buff, massive —-~—==e—--- 81t

Total thickness 116!
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Swift formation. The author and his field associate

dld not recognize the Swift formation in the thesls area.
However, L.L. Sloss (personal communication) believes that
the formation may very well be present, and ls represented
by greassy slopes above the outérops of the oolitic limestone
of the Rierdon formation, and below the first outcrops of
the salt and pepper sandstones of the iower Cretaceous

Kootenail formation.

CRETACEQUS SYSTEM

Kootenal formation. The Kootenal formation of lower

Cretaceous age was first described by J.W. Dawson (1885 p.531)
from exposures in southerg Alberta. It was named by G.M.
Dawson (1885 p.162). The Kootenal is of continental origin.
In the Lima Pegks area 1t consists of a basal conglomerate,
salt and pepper sandstones, shales, and fresh water limestones
conteaining gastropods. .
The basal conglomerate is made up of a matrix of coarse
sand graine which contain pebbles of sandstone and limestone
up to one-half inch in dliameter. The composite color is gray-
ish, the individual pebbles being of various colors. The unit
is massive and resistant, formlng ledges that weather into
huge rounded individual bouléera. The salt and pepper sand-

stones are falirly light in color, ranging from white to gray.

-30~



A greenish tinge 1s given to some of the sands by the in-
clusion of grains of glauconite. The gastropod limestone
strata are 1n the uppef part of the formatlon, and form a
good marker bed. They are almost pure white in color,
weathgring to tan to white slopes that are very eésily seen
in the field.‘ A 1a£§e part of the beds 1is composed of the
shells of fresh water gastropods. Rounded and highly -
polished pebbléa that may be gaétroliths were found in the
Kootenal formation.

All units above the Rierdon formation and below the Red
Rock Conglomerate were mapped as Kootengl. However, sub-
sequent fleld work in the adjolning areas has-shoﬁhvthat
the upper Cretaceous Mowry and Mesa Verde formations over-
lie the Kootenal, and so must be present in the thesis area.
These formations were found in the S8awmill Creek area
immediately to the southeast (professor Eardiey; personal
communication), indicating that the estimated fhickness of
2000 feet for the Kootenai formation probably represents

also other younger Cretaceous units.
Messured section Kootenal fm.

Measured August, 1948, by J.M. McUsic, W. Roth, and
E.L. Dillon. Section measured along tributary of
Sawmill Creek southward from 1/4 8E 1/4 Sec. 14,

T. 15 8., R. 8 W. Dip 35° 8., Strike S. 500 W.

55. Covered, brown 801l ———ecmcmcmcmccc e 46.01



54.

Sendstone, light brown, weathers brown, calcareous,
salt and pepper, fine grained, bedded 1"—4“, cross
bedded ==—mmcccmem e e

53. Covered, red brown 80il ——--—-e-mrmcmmcmm— e :
52. Bandstone, light gray, weathers light gray, calcar-
eous, fine grained, very friasble, thin bedded to

6%, cross bedded =—-m——m—mmmmm— e ——————————— e
51. Covered, brown 801l ===
50. Conglomerate, red brown, weathers red brown, lime-
stone pebbles, pebbles crystalline, rounded, 1/2"-
2" digmeter, with calcareous cement ——————=-—c—c——o
49, Covered, red brown 8011 ~—-—meem ot
L48. Sandstone, gray, weathers red brown, fine gralned,
CAlCAreoUs =—=—rmm e ——————
47. Covered, red brown 801l =——————mcmmmcmme e
46. Sandstone, white, weathers gray, fine grained, cal-
CAPEOUS === e e
45.Covered, red brown 801l =——=—cemmmeee e
Li. Limestone, gray, weathers gray, finely crystalline,
small high spired gastropods —-—=—=--m—ece—ec—me—cn-.
L3. Covered, limestone float ———=--=emeecmmmecmecm———o
42. Limestone, gray-brown, weathers light brown, finely
erystalline, bedded 1% —=——- e ————————————————
Ll. Covered, limestone float ==
LO. Limestone, gray, weathers light brown, Viviparus
montanensls, Campeloma harlowtonengsls ==—=—c=—=——-
39. Shale, gray, calcareousg ==-———~w—m--mece—m—ce——e———————
38. Limestone, shaly, gray, weathers gray brown, finely
erystalline, poorly bedded —------————-——-=m--————e
37. Covered, brown 80ll ===—-—---—-—sememe——m—————————
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22.6!
42.3"

19.5¢

27.6"
k.5t
15.0°

5,21
37.6¢

0.5!
57.4!



36.

35.

34.

33.
32.

31.
30.

29.
28.

27.
26.

25.
2k,

23.

22.
21.
20,
19.

18.
17.

Limestone, gray, crystalline, poorly bedded 1“-?'

numerous small high spired gastropods ———-=—=—--- 22.1!
Covered, brown sandy 80il =—----==-—--—————ece—a—w g4 31
Sandstone, light brown, weathers light brown, cal-
careous, fine grained, thin bedded, cross bedded 12.3%
Covered, red soil, probébly red shale —==——cece—w- 68.3!
Limestone, red gray, weathers red brown, sandy,

finely crystalline, abundant limonite staining),

massive, fosslliferous ——-———recrcmmmr—er e ———— 0.9!
Covered, red 8011l === m—mcmmcm e 3.9
Limestone, gray, weathers red brown, finely

crystalline, 8andy —ee—e=—cmem e 2.6!
Covered, red s0ll —————emrem e 14. 3¢
Sandetone, gray, weathers light gray, fine grained,

salt and pepper, slightly calcareous, thin bedded,

crose bedded —=——mmmmmmmm e 9.2t
Covered, red 80il =——mmc—mmmm e 9.6‘
Limestone, gray, weathers light brown, arenaceous,
crystalline =——-—mcmmmm e e - 3.0!
Covered, probably shale =——-———-—cmmmmmmmc e 5.4t
Shate, gray, calcareous =—-—-=-==—m—---——--——————o 6.0
Limestone, gray, weathers light brown, finely

crystalline, calecite crystald and veins, hard --- 1.1
Covered, calcareous brown 80ll =—=-=——-——-————-——- 3.4
Limestone, gray, lithographic, massive -=-===ee-- 1.5!
Shale, 11mey,.gray ———— e e 6.6
Limestone, gray, lithographic, fossiliferous, small

fossil fragments —=-=-———rme—ccc e ———— 2.5
Ligestone, gray, lithographlic, bedded 3% --=----- 3.0!
Limestone, gray, lithographic, bedded 6"-8% ———— 2.5



16.

15.

14.

13.
12.

11.
10.

Limestone, gray,lithographic, splintery fracture,

bedded 28 -4 cmcm e 11.0¢
Limestone, gray, weathers gray, finely crystalline,

bedded 8F-12" —cem e e e 4.0!
Covered, red brown 801l =———ee—m—mmmmae—o—a- === 57.9!
Shele, red gray, sliéhtly calcareous ~—=————————=- 12.61
Limestone, gray, weathers red brown, brown motfling, » |
poorly bedded ——m———mmm—mmm e L.2!
Bhale, red, noncalcareous e 3.9!
Shale; gray, noncalcareous B il 13.5"
Covered, light brown 8011 =——-c-rmmrmccmer e 52.4!

Bandstone, light gray, weathers light gray, medium
grained, arkosic, calcareous, conglomeratlc, pebbles

0.1%-0.5% in diameter, well rounded, composed of

chert, sandstone, and quartzite. The sandstone 1s
poorly sorted, mostly quartz, with grains rounded

and showing characteristics of aqueous history -- 1.0!

7. Shalé, gray, calcareous ————————— ——————————— 13.4¢

6. Covered, brown soll, probasbly thin bedded limeatone

Or shale —==r=——— e e 11z.0%.

5. Sandstone, white, weahtersvlight gray, very cal-

careous, bedded thin to 8%, mostly clear quartz

grains, subangular, with few blotite particles -- 4.3
L4.Covered, brown soil, probsbly shale —=—-=—===-cee-= §5.0!
3. Sandstone, gray, weathers red brown, coarse gralned,

arkosic, massive, cross bedded, sub-asnguler greins 15.9!
2. Covered, red 80il —=—em—m—smee e 106,01}
1. Sendstone, brown, weathers dark brown to gray, very

conglomeratic in lenses, arkosic, bedded 3%-3!, :
massive, cross-bedded, bresks into large blocks 7.6

Total thickness 1079.5"
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Tertiary system

Red Rock conglomerate. The name Red Rock has been

tentatively given by Professor Eardley to a coarse, oregenic
deposit of probable Paleocene age thatvexigts in southwestern
Montana in the vieinity of the Lima Peaks. Just east of Dell,
Montana th;s conglomerate 1s unconformably overlain by the
upper Eocene Sage Creek‘formation. There is evidence that

it post—datés the earliest Laramide movements ln southwestern
Montanse, and pre-dates the main thrusting that occurred in
this region during the latter part of the Laramide oregeny.
Thué, a Paleécene or lower Eocene age is suggestéd‘but no
fosslils have yet been found.

In the major part of the thesis area the conglomerate
conslsts of rounded cobbles of all sizes up to two feet in
dismeter embedded in a sandy matrix that 1s slightly calcar-
eous. This cementing material ranges from tan to>dark red in
color due to the presence of iron oxides, and gives a dils~
tinctive reddish appearance to the formation when viewed
from a distance. The subangular to sub;ounded shapes of
the boulders indicate a source not very far from the area
of deposition, probably a highland.to the ﬁest uplifted in
early Laramide moveménts. The boulders are of two kinds,
those coming from the blue-gray limestones of the Missis-
slppian system, and those of quarﬁzitié composition, which



appear to be Beltian but may in part have been derived
from the Cambrian and Ordoviclan quartzites and from the
Quadrant quartzitic sandstones of Pennsylvenisan age.

The Red Rock conglomeraté is consolidated, and 1is
resistanf enough to form the second group of high peaks'1n4
the thesis area. These are the Red Conglomerate Peaks which
form the Continental Divide in the southeastern part of the
area in T. 15 8., R. 8 W. Immediately to the south of the
pesks, and stratigraphicly above them, the Red Rock changes
into a sandstone with a salt and pepper eppearance that
greatly resembles that of the Kootenal formation of Lower.
Cretaceous age. The two are so similar, that on the basis
of lithology alone, }t is impossible to differentiate be-
tween them. According to Scholten (personal communiecation),
in the area to the south between the Lima Pesks and the
Snake River lava plains, the conglomerate disappears en-
tirely, and the Red Rock formation 1s wholly made up of‘

these salt and pepper sandstones. These sandstones have
a pinkish to tanish hue, and are quite hard. Close obser-
vation will reveal that they contain grains of a greenish
material that 1s probably glauconite and red to pink
porcellainite. |

No measured section of the Red Roek has as yet been

obtained. The author and Richard Benner estimate the



thickness tq be a8 much as 3,000 feet. In the northern
part of the area 1t unconformably overlies the Missls-
sipplan Madison limestone as evidenced by the islands of
Madison that protrude throughAthe Red Rock to the surface.
Along the COntinental Divide it unconformably lles on top
of the Kootenai (?) formation. In both parte of the ares
it 1s itself ovefridden by the two Laramide thrust sheets
that are present in the Beaverhead Mountailns.

Volcanic basalts. A small patch of basaltic lavas

lies on top of the Red Rock conglomerate in the northern
part of the thesis area. It is 300 feet thick, covers an
area of approximately one acre, and 1s located aleong the
coursé of Birch Creek three miles south of Lima, Montana;
This remnant i1s the only outcrop of basaltic lava in the
thesis area, although there are many such outcrops seat-
tered throughout Beaverhead County. :

The basalt 1s similar in many respects to basalts
found to the east and south of Lima where they also lie
on top of the Red Rock conglomerate, and are in some
| places interbedded with the Sage Creek formation. For
this reason a temporary age of Upper Eocene or Lower
Oligocene has been given to these lavas.

The basalts are dark gray in color, weathering to

a rusty brown. They are fairly heavy, indicating a high
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specific gravity. The texture of the groundmass 1s
felsitic. There are only o few phenocrysts of minute
glze contalned in the rocks. The upper part of the
outcrop is highly veeicular, and has been weathered to
a reddish color.

Basin beds of the South Medicine Lodge Creek areas.

The South Medicine Lodge Basin of Idaho in the southern
part of the thesis area contains a group of basin beds made
up of fresh water limestones and rhyolitic lavas. They
represent an extention of the upper units of the Nicholia
Creek Basin Beds, mapped by Scholten (1948, p.27) and
Kupsch in 1947. Scholten tentatively places their age

a8 Miocene or Pllocene on the basis of vertebrate
evidence found in fhem. However, 1t is the bellef of
Professor Eardley (personal communication) they may be
equivalent to the Sage Creek Basin Beds outcropping in
Beaverhead County to the east of Dell, and to which an
upper Eocene or lower Miocene age has beén agsigned.

The Nicholia Creek beds are similar to the lake beds
deseribed by A.C. Peale (1893), and to which he first
applied the naﬁe Bozeman Lake Beds. V.R.D. Kirkham
mapped 1000 feet of basin beds made up of shale, lignite,
gandstone, and conglomerste, at the head of Medicine

Lodge Creek, Idaho. He considered them to be Miocene

-38-



or Pliocene in age (1927, p.23-26). According to Scholfen
(1948, p.33) the Nicholia Creek beds lie on the eroded
surface of the Challis (%) volcanics which are Oligocene

in age. Thus, confllicting evidence 1is presented for the
age of these beds; and further study 1s necessary to deter-
mine their true age.

In the area of this report only the upper part of the
limestones and the overlying rhyolites are present. The
limestones unconformably overlie the Madieon formation of
the Beaverhead thrust. The rhyolites lie on top of the
limestones 1in this partlcular area, although a few miles
to the west, the two,ére interbedded. The rhyolites are
in turn unconformably overlaln by gravels of Pleistocéne
(?) age. About 400 feet of limestones are present, the
base 6fAthem not being exposed. The rhyolites are about
100 feet thick. .

The limestone beds are.a fresh water lake deposit,
as 1ls evidenced by fresh water type gastropods found in
them. These fossails are not dlagnostic, and so 4o not
aid in establishing the age of the beds. The limestones
also contain plant fragments and twigs. The limestones
eare a pure white to tan and gray in color, and weather
to a gray. They are cavernous, and pitted on eroded
surfaces. They contaiﬁ s system of Joints that strike

east-west. Scholten describes the beds as a tufa deposit,

(1948,p.31).
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The rhyolites are porous, light gray to pink in color,
and weather to a tan to brown color. They are somewhat
veslcular, and are pitted on weathered surfaces. They con-
taln small phenoeryste up to one-eight inch in size, and
which are not very numerous. The groundmass 1; felsitic.
The rhyolites are fairly goft, and when weathered, tend
to erumble. Their eource is unknown. Kirkham (1927,p.37)
mentions two possible sources for Tertiary lavas similar
to these in north-central Idsho. He belleves that these
flows occurred in widespread sheets covefing many sdquare
miles. He belleves that a large part of the Tertiary
lavag of.this reglon owe their origin to the great sheets
extending westward from the Yellowstone Park area.

Pleistocene gravels. Lying uncoﬁformably on top of .

the rhyolitic lavas of the South Mediecine Lodge Basin are
patches of mainly unconsolidsted gravels of Pleistocene
age. These gravels are composed for the most part of
boulders and pebbles of Misslissippian limestones embedded
in a sandy matrix. There aré gome quartzite boulders.
Locally this materlal 1s consolidated into beds of con-
glomerate, which outcrop in ledges as much as 5 feet fthick
along the slopes of intermittant stream gullies on the east
side of the basin. The overall color of these beds 1is
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brown. They dip gently to the southwest away from the
ridge of Madison limeatone which forms the eastern wail of
this part of the basin. The thickness of the gravels 1is
estimated to’be up to 100 feet. They probably represent
a fanglomerate spread out from the highlands to the east.

Quaternary system

Alluvium. Deposits of alluvium occur along the major
stream velleys throughout the thesis area. The valleys of
the three branches of Little Sheep Creek, of Birch Creek,
South Medicine Lodge Creek, Irving Creek, Warm Creek, and
Divide Creek have a thin veneer of pebbles,(sand, and silt
deposlted in historic times by the watsrs of the streams.
The Red Rock Basin in the northern part of the area also
has a cover of alluvium on its floor, and along the edges
beneath the sidé'slopes. The Red Rock Rlver and other
gatreame which enter the valley brought in part.of this
material. The rest has been laild down ds radiating fans
into the valley ffom the mouths of intermittant stream

gullies which drain the highlands that border the basin.
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STRUCTURAL GEOLOGY
Laramide structures

Early lLaramide cross-folding. Within the thesia area

several folds trend approximately northeast-southwest, and
predate the maln overthrusting. Fiftegn miles to the north-
west of the Lima Peaks isthe Little Water syncline (Wallace,
1948, p.36) which trends northeastward. Immediately south-
west of Mt. Garfleld is a small downfolded structure in
Upper Paleozoic.and Mesozolc beds which also extends north-
eastward. 8St1ll snother northwest-southeast fold is found
on the eastern edge of the Lima Pegks area near the head
of S8awmill Creek. This ié the Sawmill Creek moncline, which
is downthrown on the southeast side. 8ince these folds
trend almost normal to the thrust traces they are called
crdas-folds. |

Uplift along northeast-southwest lines also took
place in the Snowecrest Range 40 miles east of the Lima
Peaks, evidently at the same time that the cross-folde
_wefe formed in this areé. The two movements have been
correlated by the fact that the Red Rock conglomerate,
which was lald down unconformably in both areas, has been
involved in the northeast folding, and is overridden by
the later thrust sheets. The exact time that the folding

took place 1is not known. However, 1t must have been in the
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Upper Cretacseous or the Lower Paleocene before the up-
1ift to the west occurred that furnished the materiél
for the deposition of the Red Rock conglomerate in

Paleocene time.

Later Laramide thrﬁsting; The main Laramide structures
within the thesis area are two thrust sheets that have been
carried an unknown distance to the east. These thrusts
occurred after Paléocene time, as they override the Red
Rock conglomerate. Their age is probably Eocene because
of the fact that in Oligocene time great extrusions of
lavas occurred under which at least one thrust, the
Beéverhead,~disappears in the 8nake River plains to the
south. The Beaverhead thruet was flrst mapped by
Kirkhem (1927,p.26-29). He named 1t the Medicine Lodge
overthrust, and stated that 1t rose from under the Snake
River lava plains, and ran northward through Medlcine
Lodge Basin into Montana possibly as far as Dillon.

The Beaverhead thrust sheet arosseé‘the gouthern
part of the thesis area from,northweét to aoutheast. The
thrust front 1é‘cut out by a fault in sectién.# of T. 3 N.,
R. 32 E.; which bringé basin limestones in contact with the
underlying Red Rock cﬁnglomerate. This was brought about
by the uplift of the thrust sheet, and the erosion of it

to expose the Red Rock. From this point the thrust runs
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eastward,‘apd crosses the Continental Divide one milé to
the east. From here it bends southward, and agaln crosses
the Divide in section 2 of the same township. Beyond this
pdint the thrust trends southeast, and can be traced along
the sfeep northern slope of the rldge lmmedlately south of
the left fork of vaing Creek. It crOQSes Irving Creek
Just south of the Junction of the two forks, and passes .
out of the area in the direction of the Snake River plalns.

In the theslis area the exposed part of the Beaverhead
thrust 1s composed of only one formatlon, the Madlson
1imestone of Mississippian age. Basin faulting has up-
1lifted the thrust sheet, and beds that originally over-
lay the Madleon and were included in the sheet have been
eroded off. Now the Madlson 1s unconformably overlain
by Pleistocene gravels over most of the southern part of
the area. In the southwestern part 1t is in contact with
the Miocene basin 1imestoneé. The plane of the thrust in
areas adjacent to thlis cuts through lower formations, such
as the Cambrian Flasthead quartzilte, the Ordovician Kinni-
kinick, and the Devonlan Three Forks formation. There is
one formatlion underlying the thrust throughout the area.
This is the Red Rock conglomerate.

The underlying Red Rock is itself part of another
thrust sheet 1n the thesls area named the Tendoy thrust.
What is referred to in th;s paper as the Beaverhead thrust

Yl



.

is the continuation of the thrust mapped between Little
Sheep and Bilg Sheep Creeks in the summer of 1947 by Lipp
and Becker, and named by them the Tendoy thrust. During
the summer of 1948 the author and Richard Benner mapped
a second thrust in the northern part of the thesls area
along what was originslly supposed to be a sedimentary
contact. To this second thrust the ﬁame Tendoy has been
given, because 80 fér, it has been traced only through
the area of the Tendoy Mountains. The first mentioned
thrust, however, passes mostly through the Beaverhead
Mountains and only part of the Tendoys. Because of the
locatlion of the two thrust sheéts, Professor Eardley
believed that the name Beaverhead was a more appropriate
name for the thrust in the southern section of the
thesls area.

The Tendoy ' thrust has been traced from at least as
far north as Big Sheep Creek, ascross the area between
Big Sheep and Little Sheep Creeks, and into the thesis
-area Just north of the Jjunction of the three branches
,of Little Sheep Creek. From this point, the thrust front
makes several swings, but trends in a more or less south-
easterly direction across the area. It passes out of the
area through sections 4 and 9 of T. 15 8., R. 8 W., along
the base of the Lima Peaks on their northern side. The

plance of the Tendoy thrust cuts two formations, the

Madison limestone, and the Upper Mississipplan and Lower
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Pennsylvanian Amsden formation. The Tendoy thrust sheet
includes éll of the formations listed in the column on page
8 from the Madison limestbne through the Red Rock conglom-
erate. The Red Rock 1s also the formation that uhderlles
the thrust throughout its length. Thus the Red Rock
congloherate is the formatlon that 1s overridden by both
tﬁrust sheets, and 1s itself included as the top part of
the forward thrust sheet.

The Madison limestone, which 1s the bottom unit in
both thrusts, 1s intensely folded, overturne@, and sheared.
lJuet north of the Junction of the three forks of Little
Sheep Creek the Madison is well exposed in the valley walls.
Here, within a distance of a few feet, dip readings from
30° to 90° were obtalned, and the great deformation of
the beds can be clearly seen.

The lateral extent of the overthrusting of these
sheets is not known. However, Kirkham (1927, p.26) believes
that the vertical throw of the Beaverhead or Medicine Lodge
thrust may be more than 10,000 feet, and that the 1aterai

movement 1s several times as much.

Post-Laramide structures.

High angle block féulting. The serles of block faults
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mentlioned on pagé 39 were responsible for the formation
of Medicine Lodge and Red Rock Basins. The fault on the
west slde of the Red Rock Basin has been traced along

the east front of the Tendoy Mountains between Blg Sheep
and Little Sheep Creeks. It exists in the northwest
corner of the theslis area, but all evidences of it are
lost south of Little Sheep Creek. However, it must have
continued on to the south beyond the thesis area. In the
northwestern part of the ares the fault line is marked by
a very recent scarp approximately 15 feet high, which
forms the contact btheen the uplifted Red Rock con-
glomerate and the basin alluvium. In places the scarp
cuts across alluvial fans that emerge from the inter-
mittant stream gullies of the front of the Tendoy
Mounteins. This is evidence of recent movement along
the fault line.

In the southern section of the thesis area another
zone of normal faults has dropped the Medicine Lodge
Bagln area in relation to the central highlands.' This
zone consists of one major basin fault and several short
splinters, all of which run northwest to southeast. It
is one of the splinter faults that cuts the Beaverhead
thrust sheet as mentioned on page 41. The fault line in
this part of the area is marked by the contact between
the Madison limestone of the thrust sheet and the Miocene
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basin limestones. East 6f Warm Creek the trace of the
fault 1s covered by Plelistocene gravels, which lie un-
cbnformably on both the Madison and the basin limestones.
Since the fresh water limestones would most 1ikely
not be the type of sediments deposited in the basin follow-
ing the block faultling, it 1s believed that the deposition
of the basin beds occurred first. This would date the
faulting as Upper Miocene or Pliocene. It might also
support the theory of prior formation of the basin by
‘another agent, before both the deposition of the basin beds
and the faulting. This problem will be discussed further
in the section on physlography which follows. Also the
relstion of the faulting to the erosion surfaces produced
within the area will be taken up in a speclal section

under Physiography.

"Regional features

In horthwestern Wyoming the main Largmide structures
are a series of thrusts that have been, in most cases,
carried to the east. These thrusts have been traced north-
westward into éastern Idaho where they disappear beneath
the lava plainelof the Snske River country. Apparently the
seme zone of deformation'reappears'agaih to the north of

the lavas, and is present in southwestern Montana. 8o the
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Beaverhead and Tendoy thrust sheets are believed to belong
to this same group of Laramide structures that is present
in northwestern Wyoming.

There is evidence in the thesls area of some comh.
pression from the north and south during the early part of
the Laramide orogeny (p.28). The cross-folds run northeast-
southwest at right angles to the main folding. It is not
kdown whether this represents a second general pattern of
structures throughout the reglon of Lardmide activity, or
merely some locally exispant folds. Immediately south of
the thesls ares is a downwarped area filled with extruded
lavas. This 1s the Snake River downwarp which underlies
the so-called lava plains. It extends from the region of
the Yellowstone plateau westward into Oregon.

Another group of structures that crosses the thesis
area is the series of high angle faults deséribed on page
Ls, These faults may be part of a rift zone of trenches,
which according to Professor Eardley (1947, p.1176) runs
from Arizona northward into British Columbia. The creation
of these faulted and tilted blocks has resulted in the
deposition of clastic sediments eroded from the highlands.
Fosslls found in the deposits indicate thg age of depositiom
to be Upper Miocene or Lower Pliocene. This would date the
faulting as Miocene. However, in gome places within the
zone, including the area of the Lima Peaks, some faulting

has céntinued until the present time.
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PHYSIOGRAPHY
Introductilon

The area of the Lima Peaks lies Jjust within the south-
eastern boundary of Fennemasn's Northern Rocky Mouﬁtain
Physibgraphic Provinee. This section of the province is
cheracterized by mountain ranges that are somewhat llinear
in orientation, which is in coqtrest with the major portion
of the province to the north and west, ,where there 1is
définitely no regular alignmént to the mountailn masses: The
mountains of the southwestern Montana area are berdered by
bagins created by faulting of mid-Terfiary age. The approx-
imate north-south alignment of the ranges and basins is
similar to the physiography of the Basin and Range Province
to the southwest. Thus the term range has”béén used when
speaking of the Beaverhead, Lemhi, and Lost River Mbuntains
of southwestern Montana and eastern Idaho. The ‘term 1ls less
applicable to the other mountaln masses of the province.

There 1s é general accordance of the summits of the
mountalns of the southeastern part off the province,
represented by a warped plane varying 1in elevation, and
which Fenneman staﬁéa (1931, p.187) may be an uplifted
erosion surface. This crggt level is at its highest

altitude in the region of 44° 30' north Latitude along
the upwarp of the east Westntrending Centennlal Range,

immediately south of the thesis area.
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Physical features

Thé outstanding physical features of the ﬁhesis
area are the three groups of mountains and the two
basins that border them. Although they have been given
different names, these mountaln masses are more or less
continuous. They are located at‘the point where the north-
west-southeast trending Beaverhead Range meets the Centennial
Range, which runs east-west. Of which range they should be
considered a part 1is undetermined. A

The Tendoy Mountains extend into the fthesis area
from the northwest, and vary in height from 7,000 to
9,000 feet. They are in a submature stage of erosion.
Their southern end, which 1s located in the area of thils
report, is drained by the eastward flowing Little Sheep
Creek. Another group of peaks rise approximéfely 1,500
to 2,000 feet above the general level of the ridges of
the Tendoys on their southern end. These are locally called
the Lima Peaks. The slopes are bare of vegetation above the
9,000 feet and are covered with huge talus blocks of quadrant
quartzite. The peaks are drained on the south and wesﬁ by
the middle and east forks of Little Sheep Creek, on the
northern side by Birch apd Alder Creeks, and on the east
by Sawmill Creek., These streams all flow from the foot of
the peaks by circuitous‘courses into the Red Rock River in
the basin to the north. |



Immedlately to the south of the Lima Peaks lie another
group of very rugged mountsains named the Conglomerate Peaks.
They are slightly lower than the Lima Peaks, but more rugged.
They are carved out of the Tertiary Red Rock conglomerate,
and the crags, sharp ridgetops, and cliffs present a very
8imllar appearance to alpine topography. The channels of
the streams running down from these peaks are filled with
large quantities of loose gravel and large boulders that
have been eroded out of the conglomerate. Unlike the above
mentlioned streams, the ones that draln the southern side
of the Conglomerate Peaks flow into Irving Creek and thence
into South Medicline Lodge Creek. These waters flbw even-
tually into the Snake River and in the end reach the
Pacific Ocean by way of the Columbia River. The easfward
flowihg streams mentioned previously, find their way into
the Migsourl River and thence to the Gulf of Mexico. Thus
the highlands in the central paft of the thesis area are
the Continental Drainage Divide. The Divide runs from west
to east through the area from the Beaverhead Range to the
Centennial Range.

In the upper stream valleysbetween the ridges of all
of these mountains there are thick clusters of aspens. On

the slopes above grow grasses and sagebrush. There are
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foresfs of pine also on the slopes and on the ridge tops.
The pines seem to grow almost entirely on_theloutcrops of
the Quadrant and the Red Rock formstions, whereas the
grasses and sagebrush grow on the outcrops of the other
Paleozolc and Mesozole formations. The timberline is close
to 9,000 feet which is gbove most of the ridges of the
Tendoys, but leaves:over 1,000 feet of bare slope above
throughout most of the Lima and.Conglomerate Peaks.

The central mountain highlands are bordered on the
north and south by two basins. They are the Red Rock
Basin of Montana, and the SOutﬁ Medicine Lodge Basin of
Idaho. These basins were formed in Mid-Tertlary time by
high angle block faulting that uplifted the centrally
located uplands in relation to the adjacent areas. The
basins lie at approximately 6,000 feet above sea level.
They are similar in most respects except in size, the
Red Rock Basin being much larger. They both have‘exten-
sive alluvial fans along their edges. The fans radiate
out from the stream gullies of the highlands, and at
some points, reach-almost to the centers of thé basins.

The drainage in the Red Rock Basin 1s from the
highlands to the southwest into the Red Rock River, which
runs into the Beaverhead River near Dillon, Montana. The
-Beaverhead Joins thé Madlson to form the Missouri River
at Three Forks, Montana, 200 mlles to the northeast. The
vegetation cover is predominantly sagebrush. However,

aspen trees are found along the stream courses. Also,
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certain parts of the valleys are used for dry farming by
ranchers.

These basins are two'of a group of Tertlary basins
existing in the northern Roéky Mountains. They have been
commonly referred to a8 "Tertiary Lake Beds". The eleva-
tion of the basins varies between 3,000 and 5,000 feet
above sea level. According to N.M. Fennemen (1931, p.219)
the lower parts of the basins contain Tertiary sediments.
The beds may be Oligocene, Mlocene, and Pliocene in age.
The origin of all baslns in western Montana is probably
not the same. Some,; including the twd within the thesis
area, were formed by block faulting. Others may be pure-
ly erosilonal featureé, and some the result of downwarplng
of a peneplain surface (Pardee, J.T., 1925, p.38). Eliot
Blackwelder (1912, p. 410-414) 1lists four steps in what
he considere to be the most loglcal hypothesis of the
origin of most of the basins. He assumes that (1) thg
basins, however formed, existed before peneplanation of
the region took place in Mid-Tertiary time, (2) that
they were filled with weak Tertiary sediments, (3) that
the peneplain was developed over the entire reglon re-
gardless of the differences in relative hardness of the
rocks, and (4) that differential erosion following up-



1ift reexcavated the basins, while the more resistant
.highlanda were uncovered again. In the case of the Red
Hock Basin at least, faulting has occurred’in very re-
cent times. On the west side of the basin there 1is a
écarp of perhaps 15 feet that can be traced along the
foot of the highlands bordering the basin. This scarp
also cuts through the alluvial fans that have spread
out from the hills into the basin. Thus, even if this
basin were formed by differential erosion, movement has
continued to occur along the original fault after the

excavation of the baslin has ftaken place.
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Erosion surfaces and their relation to
" the high angle block faulting

Evidence was found within the area described by this
paper for the existence of at least three erosion surfaces.
The lowest and youngest of the surfaces is the level of
the present valleys of the streams, which in the Red
Rock and South Medicine Lodge Basins, is between 6,000
and 6,200 feet above sea level. There are remnants of two
older surfaces above this aititudé. The lower of these is
represented by extensive grasslands sloping gently away
from the highlands into the basins of Nicholia Creek and
- Medicine Lodge Creek at elevations between 6,700 and 7,000
feet. Above this, between 7,500 and 8,500 feet there is
a general accordance of the gently rolling uplands and the
ridgetops of the Tendoy Méuntains. This surface 1ls fairly
extensive over the western part of the thesis area, although
some ridges of the Tendoys rise above it to §,000 feet.

The exact ages of these different surfaces 1is unknown,
although a few indications were discovered in the field.
At one point in-the area the middle erosion surface seems
to have been estaeblished over one of the Miocene high angle
faults. This would date the intermediate surface as post-
Miocene. The fault 1s one of severel splinter faults along
thé trend of the main basin zone of faulting on the north
side of Medielne Lodge Basin. It is located in section 4 of
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T. 3 N., R. 32 E. Jjust south of the Montana-Idaho border.
The fault runs approiim&tely east-weat up the valley of one
of the tributary streams raﬁning into Warm Creek. It cuts
the Beaverhead Thrust plane, which disappears at this point
and brings Mlocene basin limestones in contact with
Paleocene Red Rock conglomerate. The rolling graéslaﬁhs
into which the stream valley is cut represent the middle
erosion surface, Which.in'this part of the area appears

to be established over the fault. Thls is the only place
in the area where the relationship between the faulte and
the erosion surfaces 1s shown. }And the evlidence here 1is

not as yet considered conclusive.
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Summary of geologic events

Re juvenation of streams, present
stream valleys cut into floors of basins.
Glaciation of region, no traces in

Pleistocene area of the Lima Peaks.
Reexcavation of basins, pediment
surfaces established.
Pliocene Baseleveling of area; establish-

ment of erosion surfaces over uplifted
and downdropped blocks.

Late Miocene

Early Miocene

High angle block faulting, for-
mation of Tendoy horst and Red Rock,
Nicholia Creek; and S.Medicine Lodge
Basins.

Extrusion of rhyolitic lavas.
Deposition of fresh water limestones
in downwarped (?) basins.

Oligocene

Extrusion of basaltic lavas.

Eocene

Shearing and tkrusting to the east
of the Beaverhead and Tendoy thrusts.

Further folding along NW-SE axes,
compressive forces from NE to SW.

Paleocene

Erosion of landmass, and deposition
of the Red Rock conglomerate.

Uplift of a landmass to the west
of the Lima Peaks area,

Late
Cretaceous

Beginning of Laramlde deformation,
compressive forces from NW and SE.
Folding along axes trending NE to SW.
Formation .of Little Water syncline and
Sawmill Creek monocline.

Early Mesozoic
and Paleozoiec .

More or less continuous deposition
of marine Baleozoic and Mesozolic forma-

‘tione in fluctuating seas on eastern

edge of Rocky Mountain trough.
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