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~ ABSTRACT

The Tendoy-Medicine Lodge aree is located in the
southwestern part of Montana in Beaverhead County.
The area, approximately 150 square miles in size, Was
studied and mapped during the Summer of 1948 by Dean
L. Cummins and Willism T. Smith, graduate students
at the University of Michigan. The rocks in the area
range in age from Mississippian to Recent. They are
severely faulted in the eastern part of the area,
four normal faults and one reverse fault being mapped.
The general structural trend is north-south, although
two episodes of diversely oriented Laramide folds
are represented. A granodioritic intrusion in the
central and western part of the area has made for some
interesting mineralization. Two prospects of commer-
ciel significance were studied.

Three well-defined erosion surfaces are evi-
denced in the area, the Black Rock surface at 7500-
9000 feet, the Circle surfzce developed at 6000-7000
feet, and the present surface now being developed on
modern river bottom lands. Pedimentation has been

extensive in the basins.
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INTRODUCTION

Location and accessibility of the area

The Tendoy-Medicine Lodge area is located in the
extreme southwestern part of Montana in Beaverhead County.
The part of the ares with which this thesis is concerned
lies within Townships 12 and 13 S., Ranges 10 and 11 W,
The mapped area is roughly bounded by Big Sheep Creek
on the south, by U.S. idighway 91 on the east, by the
northern boundary of T. 12 S. on the north, and by Medi-
cine Lodge Creek on the west. The area approximates 150
square miles. It is readily accessible from Lima on the
south via Big Sheep Creek road, Muddy Creek road, and
Cabin Creek road. From Armstead, on U.S. 91 to tae north,
access is gained to the area by the Medicine Lodge road.
Besides these roads wnich are éomparatively good, there
are also numerous foot and wasgon trails, some of which

are passable by motor vehicle in dry weather.

Description of tne area
The area consists of two high north-south trending

ridges or ranges, the Tendoy Mountains and an unnamed
range. The Tendoy Mountains are flanked by the Red Rock
basin on the east and the Muddy Creek basin on tne west,
and the unnamed range lies to the west of the Muddy Creek
basin and to the east of thne Medicine Lodge Creek basin.
The local relief is approximately 3800 feet, and tne gorge
of Big Sheep Creek through the Tendoy Mountains is very
precipitous. The lowest elevation in the area is 6300

.feet azbove sea level near the mouth of Big Sheep Creek



and the highest point is Ellis Pesk which rises over
10,000 feet. The three basins are the sites of se;éral
large ranches and afford good hay meadowfl in places.

The intervening uplands are excellent grazing lands for
sheep and cattle. Wild game 1s plentiful. Badlands are
locally developed in Muddy Creek 5asin and torrent gullies
as much as 20 feet deep are cowmmnon.

The area lies in the headwaters of tine Missouri
drainage system. It is drained by Big Sheep and Medicine
Lodge creeks, both of which flow into the Ked Rock River
which, itself, flows subseguently into the Beaverhezd
River. The Continental Divide is located at the crest
of the Beaverheza Mountains to tne west and forms the

Montana-Idaho border.

Pfevious work

Little detailed work had been done in this or sur-
rounding areasy prior to the Summer of 1947. A recon-
naissance map was made of the Tendoy Mountains and the
area to the west znd south as fér as the state line by
E. S.APerry and U, M, Sahinen during the Summer of 1946.
Part of the afea was mapped in detail by W. Lowell during
the same season, but the results of his work are as yet
not published., During the Summer of 1947, E. G. Lipp,
R. W, Becker, H. H., Krusekopf, and S. R. Wallace, graduate
students at the University of Michigan, mapped areas to
the south of the area of this thesis. The area which
was Jjointly mapped by Wallace and Krusekopf has been in-

corporated with some changes into the map which accompanies
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this report. The asuthor and his associate recognized
outcrops of Triassic beds that had been misidentified
and consequently, a slightly erroneous picture of the
structural relationships was postulated by Wallace and
Krusekopf. At the suggestion of Prof. Eardley, the ares
wnich they mepped was included as reinterpretea in the
author's map. It constitutes approximztely the south-

eastern quarter.

Purpose of the study
The work was undertsken witn tune purpose in mind
to mazp in detail‘the area and to work out its geologic
history. The report is written as a thesis by the
author as a partial fulfillment of the requirements
for the degree of Master of Science in Geology at the

University of Michigan.
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STRATIGRAPHY

Stratigraphic column

The rocks exposed in the area range in age from the
Madison limestone of Kinderhookian-Osagian (?) age to
Recent., However, inasmuch as older rocks have been des-
cribed in surrounding ereas the writer will include a
brief discussion of pre-Mississippian rocks in the re-
port. Because of the difficulty in finding suitable loca-
tions to measure the various formations within the area,
and because mostyof the units appearing in the strati-
graphic column were approximated or mezsured in detail
during the Summer of 1947 by Kupséh, S8cholten, Wallace,
Krusekopf, Lipp, and Becker, graduate students at the
University of Michigan, the writer and his associate
felt that there would be little of value in repeating
this work. Consequently, the thicknesses obtained by
the aforementioned students will be used and accredited
accordingly.

hccording to C. P. Ross (1947, p. 1126) and Kupsch
(personal communication) no Mesozoic rocks are found in
the Beaverhead Mountains to the west of the Tendoy Moun-
~tains. Ross puts the line marking the westward limit of
outcrop of Mesozoic sediments approximately aiong 113°
W. longitude. He further states that the Paleozoic
strata thicken to the west, and the Mesozolc rocks for a
short distance to the east.

The following is the stratigraphic column for the

general region:



Cambrian system

Flathead guartzite--The Flathead quartzite was ori-
ginally described by A. C. Peale (1893, p. 20-21) for
exposures in Flathead Pass in the northeast corner of
the Three Forks guadrangle, Montana. Peale placed the
formation in the Lower Cambrian, but it is now generally
considered to be of Middle Cambrian age. It rests uncon-
formably on pre-Cambrian granited and varies laterally
in thickness and lithology. Kupsch and Scholten (Kupsch,
1948, p. 13) measured 900 feet of Flathead at Trail Creek
in the Beaverhead Mountains. The base of the formation
was not exposed, however, so the figure is a minimum
thickness for that locality. They describe the formation
as being a2 reddish to maroon guartzite, thinly bedded, and
often cross-bedded. There are conglcumerate beds which
exhibit stretched pebbles. It is generally z cliff-former,
but it is highly fractured in places. No fossils were
found and thus the correlaetion of the aforementioned sec-
tion with the Cambrizn Flathead quartzite is only tentetive.
Lowever, the white quartzite which overlies it hzs been
fairly well estsblished as Ordovician in age. Perry and
Sahinen (1946) previously mapped this section in Trail
Creek as Beltisn, but Kupsch and Ross feel that the degree
of metamorphism is insufficient to justify the correlation.

(Kupsch, 1948, p. 14).

Ordoviclan system
Kinnikinic guartzite--The Kinnikinic guartzite was
nemed by C. P. Koss (1934, p. 94) for exposures along



Kinnikinic Creek, at Clayton, Custer County, Idaho. Its
age is assigned to the Upper Ordovician. Toss estimated
3000 feet of the Kinnikinic are present in the Lemhi Range
in Idano (1947, p. 1095). However, the formation thins
rapidly ezstward, as Kupscﬁ (1948, p. 15) estimated only
800 feet in the vicinity of Nicholia Creek in the Beaver-
head lMountains.

The formation is described as white to light gray and
in places iron-stained. Its color and the absence of fine
bedding make it eésily distinguishable from the underlying
Cembrian quartzite, upon which it lies conformably. 1In

places, & conglomeratic layer has been found at the base.,

Devonian system

Threeforks formation--The Threeforks formation wes
named by A. C. Peale (1893, p. 29) for outcrops at the
junction of the three forks of the Missours River, near
Three Forks, Montena. The formation is of Upper Devon-
ian age.

Kupseh (1948, p. 18) has estimated that the thick-
ness of the Threeforks is 800 feet, but suggests that
this may not be a representative figure due to difficulty
in determining accurate dip measurements. Another factor
wnich may invalidete this figure is the difficulty en- |
countered in picking the contact witn the overlying Madi-
son limestone. Also to be considered is the fact that
the Threeforks erodes into wide belts of outcrop which
overexaggerate the apparent thickness., Hoss (1947, p. 1112)

states that there is great lateral vaeriation in thickness



which he postulates as being due to differences in amount
of material originally deposited.

The formation consists of yellow and gray calcareous
shales with a purplish cherty shale in the lower part.
It is a slope forming formationy, between two hard beds,
the resistant Kinnikinic quertzite underlying it uncon-
formably, and the cherty Madison limestone overlying it

conformably.

Mississippian system

Madison limestone--The Madison limestone was nemed
by A. C. Peale (1893, p. %%-39) for exposures in the
Medison Range, Montana. However, Sloss and lamblin (1942,
p. 313) state that no.satisfactory'type section is ex-
posed there and describe & section at Logen, lontena,
which they propose as the type locelity. Long considered
as o single formation, the Madison has in meny localities
been subdivided into tne Lodge Pole and Mission Csanyon
formations., This division is besed largely on lithologic
grounds (Weller, et al, 1948, p. 138). Altuough both
members were observed in the subject area, the writer did
not attempt to differentiate them in mepping since &t
no plzce weas their contect found. Hather, tiiey were
trested together as Madison end meapped as sucil.

The total thickness of the Madison is not known. KNo-
where in the area was the base of the formation exposed.
Kupsch and Scholten (1947) mezsured cnd described 980
feet of the series, but this by no means constitutes the

total thickness. They estimated 3000 feet of Madison to



be present in southwestern lontana which is in accord
with the 3500 feet fou.d in Idaho by Shenon (1928, p. 7).

The lMadison is composed of a series of bluish gray
limestones, thin bedded in the lower part ana massive
in the upper pert. It is interbedded witn thiunner units
of shale. It effervesces freely in dilute acid, indicat-
ing a low megnesie content. Much of thne massive portion
is marked by chert nodules and calcite veins. OSome hor-
izons ere fossiliferous, although fossils are rare in tae
outcrops found in the thesis area. The writer did, how-
ever, find severzl cupcorsls in & poor state of preser-
vation.

The following is & pertial section of the Madison
limestone mezsured in sections 7, 8, 9, 17, T, 17 S., R.
10 W, by Kupsch and Scholten:

12. Limestone, medium to dark gray, tnin bedded,

bends of derk chert, cliff-formingeeccsccscccesesedd0!
11. Limestone, dark gray, weathers differenti-

ally in light gray and tan, laminated in

gray colors, bedding of intermecdiate thick-

ness, scattered chert nodules, crinoid

stems and large cupcorals, bryozoa, gastro-

pods. The crinoids decresse, corals in-

creazse in quantity in higher parts of unit.....200!
10. Limestone, light to medium gray, massive,

strongly jointed, almost entirely built up

of fossils, mainly crinoids, calcite veins,

Cllert layerSOQOOQO...........Q...'...O........Q 60'

9. Limestone, medium gray, weathers ten and

light gray to white, bedding of intermediate

thickness, strongly jointed, calcite veins,

chert layeI'S, few fOSSilS...-......o.o.-....... s01

8. Limestone, light gray, weathers white, massive,
no chert, completely built up of crinoid stems, 30!



7. Limestone, light gray, leminations in gray
colors, cliff-forming, calcite veins, chert,
very fossiliferous, crinoid stems, corels,
bryozo&t’ bI‘EiCkliO}FOdSOOQQOOQQQ0.......0.‘....‘... 50'

6. Limestcne, grey, thin bedued, slope-forming,
chiert nodules, calcite VeiNnSeesesseesssesscssese 15!

5., Limestone, dark grey to black, fan-like
lsminations, breccia layers, regular cuert
beds, calcite veins, f058i1iferouSeecesesecsesel00!?

4, Limestone, grey, weathering pink, laminztions
in brown and red colors, massive chert
nOdUleS, calcite VeinS, COTYElSeeessccnsssscccnsse 30!

3. Limestone, dark grey, thin bedded, chert anc
CalCite, f0ss1liferOoUSeececocsccoesssccsssssccccnse 251

©, Shale, brovn end sandstone, violet-pinkKesessoces 501
1. Limestone, daik gray, breccia witi sandstone

fregments, rusty brown, few fossils, some
lenses of recrystallized crinoid stemS.seeeseces 60!

Measured tiicKnesSe...980!

Pennsylvenian system

Amsden formation--The Amsden formetion was nemed
by N. H, Darton (1904, p. 398-401) for exposures along
tine Amsden Brancn of the Tongue Hiver, west of Dayton,
Wyoming. The exact age of the Amsden has long been under
controversy. The formation may spen the lMississipplan-~
Pennsylvanisn boundary., Thne confusion appeal's aue in
part to tine multiplicity of terms which have been em-
ployed for various units. Euth Bachracih (1946) made a
study of the problem and has resolved it by piscing ell
the members of the Amsden below the Darwin sand into the
Chester. This would generally counform tc C. C. Branson's

(1936, p. 591-592) Sacajewea formation, although this
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term hes not had general acceptence since it is not a
meppeble unit. Bachrach's studies were restricted to
the Wyoming sections, thus the boundary she proposes 1is
not generzlly appliceble in tne lontina erea. The time
division is bssed solely upon paleontological evidence
end it cannot be determined in Montens until more ex-
tensive work has been cesrried out.

The Amsden formation consists of & series of inter-
bedded limestones and celcareous sieles with some cal-
careous sandstones in the upper part. The beds range in
color from derk gray to light buff, and are tain bedded.
Wellace (1948) reports gypsum froguents st some horizons.
However, in an ereaz fartiher to tie soutih on the bast
Fork of Little Sheep Creek, hichard Benner znd William
Adem reported gypsum in mineable guantities (personal
coumuiication).

In the subject area the Amsden formed steep slopes,
capped by the Yuadrant quartzite, but the suthor was
at no place able to delimit the upper or lower contacts
accurately.

The following section was measured by Walleace and
Krusekopf (1947) in NW %, Sec. &6, T. 13 S., R. 10 W,:
29. Limestone, derk gray weathering to lignt

gray, fine groiNnetleecsccceccscescsscscnrsnssssscsscse oF
28. Sandstone, light ten, frizblE€cceccccccccccscsess 6!

27. Limestone, dark gray weztiering to light
gray, flne grained......tﬂ....O..0...........0. 8'

260 Covered interval..l.....‘.l..."......;...‘l... 58'

25. Limestone, dark gray weathering to light
gray, rﬂaSSive, dense........................... 10!



22,

21.

20,

19.

18.

i17.

16.

15.

10.

11

Coveredbintewalﬂ....‘..'.O..........0'.’..0...159'

Limestone, dark gray westhering to buff
color, crystzlline, well bedded; contains
numerous thin beaads Of cheltececssceccecencecnes 435!

Shale, gray; grades upwerd into brown shales;
upper part of bed Covered000.000000.00000000000589'

Sandstone, light brown, thin bedded, cal-

cereous; well bedded but tne tuickness of
individual beds varies considerably; in places
weathers a reddish purple COlOTscecessccssssssel0!

Sandstone, tan, weathers to rusty brown,
maSSiVQ, i‘ria-bleg...-o...‘...‘.00.0.‘...'.“.0. 2“.41-"

Covered interval--covered by Quadrent
quartZite tgivlust...0...............‘..Q.l..‘...geg'

Limestone, gray, finely crystalline;
contains numerous organic fragmentSecescecssccee 12!

Limestone, dark grey weathering to buff,
srgillaceous, thin bedded with sovme inter-
beQaed cklert...'0..'.....‘0..‘0.QCO...0.0Q.Q.‘. 08'

Limestone, gray brown weathering to buff,
finely crystalline, fossiliferoUSeeecccccecccess B2!

Shale, gray, tiin bedded, calcareous; con-
tains numerous pelecypolSeceeccssscssccecscsssess 80!

Sandstone, light ten wecthering to orange-buff,

hard....‘.Q...‘....’..........‘..'l.......“Q.‘ 8'

Shale, grey calcareous, tiin beddedesecessesses 29!

Limestone, dark gray weathnering to buff,
crystalline; contains productidSececcsscecsceee 21!

Gray shales interbedded vwitn limestones;
grades upwards into brownish and buff
colored beds...I..OQ.O.........'0.0“.0......‘.106,

Limestone, argillaceous, grey; interbedded
with siieles, dark grey weathering to light
gray, tnin bedded, calcareous; scume gypsum
fragmeﬂt30ooooooo'ooo.aooooooQo0000000.01000000245'

Liwestone, medium gray, medium grained,
mglﬁy fra-ctured........'..........l0.0.".Q‘.. 29'

Shale, dark grey weathering to lignt grey,
celcareous, tihin bedded; interbedded
argillaceous limeStOneS............o.-...-..... 67‘
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7. Limestone, ligit to medium gray weathering
to buff, finely crystalline, highly
fractured; fractures filled witnh secondary

CalCiteooooOQooo.cocotooo.ooooooooo.o)oooooooo. 14'

6. Shale, derk gray westhering to light gray,
calcareous, thin bedded; interbedded _
&rgill&ce@us lirﬂestones.O.Q‘......0.0.‘00..0... 45,

5, Limestone, gray, tioin bedded, argillaceous..... 67!

4, Limestone, buff colored, tnin bedded, Siltyeees 10!

3. Limestone, dark gray, fine grained,
petrolif’erouS‘.‘.Q....."...O......'.‘......... 4'

- ,
2. Shale, gray westhering to lignt gray, thin
bedded, calczreous; coatains pelecypOliS.eeseses 86!

1. Limestone, derk grzy weathering to buff,
dense, COEE&Ct..........o.oooooooooo'oooo.ooooo 481

Totzl thicKNeSSeessss 0221

Quedrasnt guartzite--The GQuadrant wes first nemed by
A. C. Peale (1893, p. 32-43) from outcrops on the south-
west side of Quadrant Mountain in the nortnweétern part
of Yellowstone Park. ©Subseguently W. H. VWeed (1896,
p. 5), D. D. Condit (1918, p. 111), and H. W, Scott
(1955, p. 1013) have used tiue neme to include rock units
of different ages znd litnology. Some students have
described fossils as young as middle Virgil in the Quad-
rant, or its equivalent in Wyoming, the Tensleep (Bachrach,
1946). However, the Pennsylvanisn Subcomwlittee of the
Natiocnel Resesrch Council Committee on Stretigraphy,
(Moore, et al, 1944) cells the Quadrent middle Desmoinian
in age, bessed on fusilinids, saying that no Missourisan
fossils have been recognized. |

The term as used by the suthor included those beds
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lying betwéen the Amsden and the Phosphoria formetions,
approximately equivalent to the Tensleep sandstone of
Wyoming. It ccnsists of & thick series of massive,
light ten to white, quartzitic szndstones witin some dolo-
mite beds in the upper part. It is easily identifiable
in the field by its large, dark telus slopes, the angular
blocks of which are. profusely covered with black lichens.
Four of the highest pesks in the area are cepped by the
Quadrant-~Ellis Peak, Dixon Mountain, Graphite Mouuatein,
and Tiwber Butte,” As far as could be ascertained by the
autinor locally, the relationship of the Guadrant to the
w.derlying Lmsden is conformeble, although Scott (19%5,
p. 1020) states thet regionally in western Montena and
northern Wyoning the Juadrent lies disconformably on
the Aumsden,

The following section was measured by Lipp, Becker,
eand Krusekopf (1947) in the B 4, Sec. 25, T. 15 S., R. 10 W.:

12, Sandstone, cark gray, massive; calcareous

Cenient."..'...'.C'...C'...............0.0‘.... 26.3'

11. Covered intervel; dolomite and chert layers
presen‘b..l.........‘...Q....'.O...Q...O...D....280.9'

10. Limestone, more pitted thwen lower beds,
otnerwise SimMilor.eecececssccccscoscoscoscsccsse 8o8!

9. .Dolomite....oﬂ.‘..."..‘.'O............'....... 15.5'

8. Limestone, gray to light buff, weathers
wiite to buff; finely crystalline, dense,
Sligll’tly pittéd‘..........‘..‘0..............‘I 5.0'

7. Dolomite, lignt gray to wiite, dense at
base, Sandy end Ch.erty near top.oooo.oooooooc-. 54,91

6. OSandstone, soft, wihite, easily weatheréd,
fol‘ms rOlling Slope....‘..0.0.....COQ.....CO‘.llsllot

5. Sandstone (first exposure), dense, white
to light gray, weathers to brownish tan,
beCOﬁleS ligllt tan tOV'."&rd tOpO..'QOOOQQOOOl....l724'9'



4, Sandstone, friable, massive, dark tan,
weathers to yellowish tan. Many black
lichens covered talus slope NEar tOPeeecsssceeesIl3,6!

3. Sendstone, frisble, massive, light tan,
weatners to light gray, interbedded
with 2 dinch thin layers of more quartz-
itic and slightly colomitic near the
center. Also anotner member of quartz-
itie, slightly dolomitic ssndstone ne&ar

top.'...‘Q.....'.0.'....‘.....0.0....0000000000109.4‘

2. ©Sandstone, guartzitic, very dense, gray
to buff, weathers to tan, tuinly bedded
with tnin 3 inch sinely szndstone leyerSeeeeceeee .07

1. Sendstcne, white to buff, friabile,
mottled siightly redcish, fine well
sorted sand, weatners to iight gray,
becomes more dense nesr top, messive,
CrOSS beé,ded.o..0.0..00.0QCO..Q........'.O..... 4508'

Total taicKNeSSeeeeeed519.11

Permisn system

Ehosghoria formation--R, W, Richerds &nd G. K. Mens-
field (1912, p. 685-689) named the Phosphoris formstion
for exposures in Pnosghoria Gulch nezr Meade Park, Idaho.
In the subject esres the formation consists of & diversi-
fied lithology. The series includes interbedded siizles,
limestones, cdolomites, szndstones and siltstones, 1In
pleces, the limestones and aolomites megascopically bear
close similerity to the Msdison limestone of the srea.
This reseumblence occasioned one instance of misidentifi-
cation on the psrt of Wallace and Krusekopf. In Sec. 35,
T. 13 5., H. 10 W., &nd Sec. %, T. 14 S., K. 10 W., they
mepped &s & klippe of thelr postulated Tendoy thrust a

blue-gray limestone and dolowite 1lying between two yellow



15

siltstones. They teruwed tunls Medison, but actually it
wes & member of tihe Phosphoris. A Brachiopod was found
in this unit which was identified by Carl Lioritz of the
Phillips Petroleuw Couwmpsny &s Bucksonia sp., a Permizn
index fossil (personzl communicetion).

The phospnorite end phosphatic shsle horizons which
cheracterize the Permien in nortawestern Wyomlng were
revorted as absent from the section by Walliace (1948,

p. 15), but Benner and Adem report finding phospiiorite in
& trench in Sec. %, T. 15 8., R. 9 W, (personel communi-
cation). The Kex chert wember of the type locelity is
not clearly represented as & unit, but most of tne upper
beds contzin large cnert nodudles.

The foliowing Pnosphoric section was umeasured in
Sec., 35, 1. 1o 5., h. 10 W., by Lipp, Becker, and
Krusekoof (1947):

20, Liwestone, tan to medium gray, weatiers

medium gieay, very hsrd, fine grained,

crystelline, partly covered, mottled

With Wﬂite C&lCit@ SpotS...ooonoooooooQooooooo. lOnO'
19. Dolomite and cliert, gray, massive, fr:ctured,

hard, weathers gray with slight red-brown

color, sligiht limonitic steins, also tihin

limestone beds interbedded. Forus a verti-

cal, prominent cliff in one gpliuce but is

pertly covered in OLHET PléCESeeesecssssoeseeeelIl BT
18. Covered interv?j-l..OO...O.......'...l........... 8800’
17. Sandstone, mostly covered brownish send-

stone; the sandstone weathers into small

angular talus. Some cheIt presentesececsscsces 66,01

16, Limestone, massive, hard, gray, weatiers
llgnt yellOWlSﬂ t&noonooooooooooooooopooooooooo 15,71

15. Sh&le, light buff, mostly coveredoo.c..o.oocooo 5106'



14.

1s.

12,

11.

10,

16

Siltstone, red, very sligntly liny,

rather hard, forms smell cliffs over

the ten limestone; massive at top end

bottom and thin bedded DetWeeN.eessessevssscsss 45,11

Limestone, yellowish ten, fricble,
fine grein, thinly bedced, also more
or less massive In PlECESeescsscsvsssscsssccsces 10.01

Dolonite, dense, mediun dark gray,
weatilers lignt gray, cuaert is bluilsh,
greenish and derk greay (concretions),
sonie lime present, hard, zlso soume
chert lenses that resewble sngular

‘COngloIIier&.tes...'...‘......‘...............'... 8.4'

Ssndstone, calcereous cement, fine grain,

hard, light grsy, weothers buff to medium

dark grey, faint light gray or white

colo:[) ba(]-dso..0........O......QO....C....00.... 6.6'

Dolomite, conteins & few chiert concretions,

sendy, lignt grey to white, westners saue,

hackly weathered surface, massive but well

fractured, norizontal joints, more chert

lenses Nearl the tODessesssesosssscscsscscscscacs 926!

Covered intérval..'............Q.........QC.‘.. 11.7'
Cllert, gr€~y greenﬂ....O..".'...‘..‘......l.... 00:8'

Limestone, herd, sligntly sand dark gray-

» ’ - » Qark gl

green, weathers gray, occasionel thnin chert

l&yers, MESSIVEegeessesescsocscscsssocscssosoccoccssssosvses 6'0'

Limestone with chert beds; limestone is gray,
westhers szme, caert is white to gray to med-

ium dark, beds of chert 2 luacaes to & liches

t.iick. Toward the top becomes less limy end

thie chert leyers disappear «nC Deconie concre-
tions snd are & little G2iKereieseesesessesscnsas 16,3

Chert and dolomite; chert is medium dark gray,
dolomite is light gray, more ciert then
dolomite....-..-.-............................. 1205‘

Covered intervzﬁ.l.....’.........‘.‘.....0.....‘. 8.4'

Sandstone, more calcareous near bese, fine
grain, hard, massive, lignt gray, weastiers
same, few calcite stringers tiurcuginoUteecceecees 44.5!

Limestone, light grey, conteins chcert tnat is

dark grey; tune cinert i1s in lsrge concretions

in the limestone. Linmestone is very fine

grﬁined, hard, &nd maSSiVe.on.o.oo'onooooocoooo 7106'
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1. Dolomite, sandy, very fine grained,
V‘eat:ﬁers lig.ﬂt grby tO gl‘&y—buff. AR R T 5.0'

Totel thicKNeSSeeeeee802.8!

Trisssic system

Dinwoody formetion--E. Blackwelder (1918, p. 425)
nzmed the Dinwoody formztion for exposures in the Canyon
of Dinwoody Lezkes in the Wind Kiver Lenge, Wyoming.
Blackwelder originslly defined the limits of tihe forma-
tion as tie top of tne underlying Phospnoric formetion
and the bright red shsles and siltstones of tne Chugwster
formation sbove, hHowever, N, D, Newell and B. Kummel
(1942, p. 941-947) found thct the red of tue Chugwater
is not & true stratigrephic plene, but that it crosses
both lithologic ana tiwe lines, Tious they redcefined
the Dinwoody as including only the lower silty portion
of Bl:ckwelder's original Dinwoocy. The beds called
Dinwoody in the thesis arez are convient to map beczuse
they occur below & red wember, and are cslled Dinwoody
provisionelly.,

The following section was meessured in the W, %, Scc.
26, T. 15 S., R. 10 W,, by Lipp and Becker (1947):
46, Limestone, grey, weathers reddish brown,

argilllaceous, tinin beddel, SaNGYeevsosccovcceee 47!
d2. Covered interveli.ceecececeessssosssrcscoscancsnse S7e4!

31l. Limestone, light grey, westners dsrk gray,
-‘{laIiO., mEiSSive..O...Q....OQ..l....'.‘.O""...... 407'

50. COV@red interva‘lﬁi...l.......l"...........0.0. 2'0'



29.

8.
7.

26.

17.

16.
15.

12.
11.

10.
9.

Limestone, ligiht gray, weutiners dark gray,
argillaceouS.Q.OOOOQQOIOOOOO0.0.0..00.0...00..0

18

1.0t

Covered interval..l‘........'.......Q.Q.........l4.0'

Limestone, lignt gray, wecthers aork gray,
hard’ dense‘.......‘...‘.....0‘..0....."0.0.0.

Covered intervel; includes a thin limestone
bed in the middleQOQQOQ...........'....O..'..Q.

Limeston&.‘.’........‘..‘......"..'..0........
Covered interval..’..'....O...........Q‘...'.’.

Limestone, gray, weathers buff; argillaceous,
tnin beddea.........'0....0.....’0000.0...0.0.0

Covereé intETV&l...............‘.............'.
Limestone, grey, weathers dark gray, massive...
Covered interv&l.‘......‘.‘.‘O..".l".........

Limestone, gray, weatuners reddish, tnin

bedded.'.".'........I.‘....'............,.....

Covered intervel; includes 3' bed of shaly

limeStone...............‘.'.0..'..'..‘.......CQ

Limestone, weathers chocolate brown, cal-
careous, fossiliferous, thin bedaced; con-
tsins shele partings; forms z prominent

1edgeooooo0000.00"00000‘000000000000‘000oo-oo.

Covered interval.ﬁ..‘.‘O0....0..'............00
Limestone, gray-brown, westiners to cunocolate
browvn, interbedded with shale partings;

forms a ledge...l‘..OOO...OO..O...0.0..O0.00...
COvered interval......Q.'.....0...0000..0......
Limestone, gray-brown, weathers chocolate
brovn; interbedded with snale pertings;

forms a ledge‘.'.QOOOQO0.0.0..0.000..000.0000.'

Covered intervel.ececscccccsscccccsscssnsnscsnsens

Limestone, weathers chocolate brown,
argillaceousob...l....................000.0...0

Covered interval.'ﬂﬂ......OQ..‘.....‘....Q.....

Limestone, weathers chocolate brown,
argillaceOuSOQ.'00..0.'...l.’.'.........“.....

2.0!

9.31
1.0
4.7

6.0!
18,71
1.0
14.0!

6.0!

14.8¢

65,91
25.7!

6.o!

Rd.41

9.3

39.81

2.0!

6.0!

.01



8. Shale, mMoStly COVEr€deesessessecscscsccccossoss 1.0!
7. Limestone; two thin white limestone layers

seperated by & shale parting; sinsle weatiers

reddis}:l blzovv—noooo.......O'..Q.'Q"0...00‘...... 200'

6. Smle;largely covered...‘........"‘..'.'..Q‘.' 7’0'

5. Lisestone, light colored, westhers recadisn
brown; thin bedded with siizle partingSeeeccecees 4.0!

4, ©Shezle, reddish brown, weatiiers chocolate
bro%m, ti‘;in bedded....".".......l..”..'..... 4401'

é. Covered interval..Q.‘.....OO...'I.......O...‘.. 1000'

2, Limestone, weathers reddish brown; thin
beddel, celcereous; forms & 1lcdg€eeeecccssceses D.0!

1. Shzle, dark brown, largely cover€leececsecsceseeldd.7!

Total tihickness. essee 055500‘ »

Woodside formation--The Woodside formation wes
named by J. M. Boutwell (1907, p. 448) for exposures in
Woodside Gulch, in the Perk City District, Utah. The
liontsna usage of the term Woodside generally includes the
entire Triessic section. However, Wallace (1948) pro-
visionally divided the Triassic sediments into the
Dinwoody, Woodsidg and Thaynes formations. Tiais division
was made on lithologic grouads end paleontological work
will be needed to establish it.

The Woodside formaetion ccnsists of interbedded sand-
stones, limestones and shales, the color varying from
red to brown to gray.

The following section was measured and described by

Lipp ond Becker (1947) in W. 3, Sec. 26, T. 12 S., R. 10 W,:

190 Covered- interva-laoo‘OOQCQO.'0‘..‘0'......0..... 18.7’

18. Shele, brown, weathers dsrk brown; sandy,
calcareous, thin beddeleceseeesescsssecssccssse ReD!
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17. Covered interval; dark brovn soil.............,107.4'
16. Covered intervel; Ted SOileeeecescecesecocscesecsse 65,41
15. Sandstcne, light gray, arenaceous, thin bedded., 1.5!
14. Covered intervol..ececccecssscceccscssscccsssoce .97

13. Seandstone, gray to buff, weathers light gray;
fine grained, calcareous, thin beddeGe.esecesees ©6.0!

12. Covered_ intervavl..0.‘.......0..0.0.0‘0..0.0...' ,7.0'

1l. ©Sendstone, gray, westhers light gray; fine
grained, thin beddedoooo.oooooooooobo.oo.oooooo 2.0!

lO. COvered intexiv&{-l‘QQC..‘..l.......‘......‘.....l 5.5'
9., ©Sandstone, light gray, weathers to grey buff;

well indurated, massive at base, thin bedded

neé—ir top...’.’......'..'.Q..Q.Q...OC........O.Q 3600'

8. Covered interval.'....'...'...0.'....0.‘...;... 4.7'

7. Sandstone, light grey, wecthers brovnlsh red end
gray; well indurated, thin bedde¢ to massive... 9.o!

6. Sandstone, lignt grey; frisble, thin bedded..ee 25.4!
5. Covered. interval...'0O0000..OOO.....Q‘...'.Q..QO 1006'
4, Limestone, lignt grey, weesthers to brownish

red in pleces, dark grey patches in places;

very szndy, very tiin beddeGeecececcscscsssesces 14.0!
3. Covered interval..C..l.......C‘CQ.'.O.....Q.Q... ll.’?'
2. Limestone, grey, weaztiiers greyish buff;

arensceous, thin bedded et base, massive st

top; forms a prominent lelf€eececssssesccccsssces IJoo!

l. Covered intervz:-;-l...‘Q.......C..'........Q‘..... ll.o'

Totvii.l t}-iicmeSSc cecee -55509‘

Thaynes formetion--~J. M. Boutwell (1907, p. 448-452)
named tne Thaynes’formation for outcrops in Taeynes Canyon
in the Perk City District, Utzh. The section exposed in
the Tendoy Mounteins consists of z tnick succession of
light grey to buff, fine-grsined, calcareous sandstones

end finely crystelline limestones, and is clearly meppable



21

above the red Woodside formation. Its correlztion with
the type Thaynes is provisional. Paleontological work
hes not been done.

The following section of the Thaynes was measured
and described by Wallace, Krusekopf, Liff, and Beoker

(1947) from exposures in W. %, Sec. 26, T. 13 S., K. 10 W,:

17. Covered interval; silty limestone with chert... 84.4!

16. Limestone, ligiht grey; finely crystalline
: v > > - 2 >
pitted on weatilered SUITECESeeescscsoscscecnssse 4.5!

15. Limestone, buff colored, silty, thin bedded;
conteins some sancy lsyers; mostly covered..... 68.8!

14. Limestone, grsy to buff; finely crystelline;
largely covered.........QOOO0.0.0..‘.....I..... 5005'

15. ©Siltstone, ten, calcareous, cherty..ceeececsees 22,9

2. Limestone, dark gray, veathers to light gray;
massive, fine greined; pitted on weathered

surfaceSQ...Q.Oi.O.....OO'..l.‘.’......‘.‘..“‘ 1805'

11l. Siltstone, light grsy to buff; calcereous;
largely Covered..........’.OO.".0..0'.0.."... 1805'

10. Limestone, light gray; crystzlline, thin
bedded.........0...‘0.0..00....'.....OIOOOQ.CQO 18.5'

9. ©Siltstone, tan; lergely covered; sbundent
Ch.ert in floatQQ.....0.0t...0...0.‘..‘.0....... 1805'

8. Coverec intervsl; grey limestone with chert

in float.....‘..‘......‘...'...O............Q.. \4209'

7. Limestone, buff to gray; massive, crystalline;
‘ forﬁls a pltominent 1(;:'dgeOOOO‘0'....‘.O..l'...‘.' 2705‘

6. Covered interval, calcareous tan siltstone
E't-nd C.[lert in float..OQOOQOOOO0000...‘0.‘.....'. 27.5'

5. Limestone, lignt gray to buff, some pinkish
mottling, massive, coarsely crystslline; forms
a prominent ledge capping & ridge; contains
sbuinidant Pentacrinus sp. cOlumNelSeeeesescceses 150!

4. Covered interval...t....Q.'..Q..‘O.‘OQ'....D...51402'
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3. Limestone, grazy-brovn, weztiners greay, '
thick to thin bedded; forms & ledgC€eseecsccesss 2.7

(.. Covered interval........‘...Q.O...I.“......... 26.8‘

1. Limestone, gray brown, weathers to chocolate
brown; thick to thin bedded; very dens€eeececess 21.0!

Total thicKNeSSeeeeees7I1.8!

Jurassic system

Sawtooth formetion--Tne Sawtootir formation was named

by W. L. Cobban (1945, p. 1274-1276) for exposures in
Riercon Gulcih in the Sawtootn Kange, Montene. Tue
Sawtooth constitutes the lowest forumation of Cobben's
Ellis group, the wmiddle formstion being the hRiercon, &nd
the top, the Swift. Waliace (1948, p. 26) stetes tuet the
presence of the Swift in the Little Water syncline was
doubtful, but tne writer vis informea by Sloss tuast &

thin section of the 8wift s well as the overlying lorri-
son were found in a trench dug on the north flenk of the
syncline. Unfortunately, no description of these sections

s sveilablie,

[

The total thickness of the Sawtooth in the Tendoy
Nountains wes not sscertasined cs the top of the measured
section was covered by velecenics., The most conspicuous
unit is & derk tszn, vihite mottled, frizble s=ndstone
(Wellzece, 1948, p. 26).

The following incouylete sectilon was meessured eand
described by Wallsce and Krusedopf (1947) froum exposures

in S. %, Sec. 22, T, 12 S., K. 10 W,:



Shele, light gray to buff, slsbby and thin
bedded, czlcareous; not top of formetion (2)...105.5¢?

Cn
L]

2. Siltstoane, buff, wezsthers with a speckled
appesrance, Wilte SPpOlSeceecescecscscccccssceces 64,21

l. Covered interv(’il.....‘...........'.....'....... 82.6'

Measured thicknesSS....2b2.51!

Rierdon formetion--W, A. Cobban (1945, p. 1277-1280)
nemed the Rierdon formetion for exposures in kierdon
Gulch in the Sawtooth Kenge, lMontone. In the Tendoy
Mountaihs it consists of interbeddea c&lcareoué sheles
end oolitic limestcnes. (Wellace, 1948, p. 27).

The following section was messured by Wallace and

Krusekopf in W. %, Sec. 10, T. 13 S., h. 10 W,

42. Covered intervg:-l...O....'..Q'.QO.....Q......... 78'
3. Oolitic limestone, gray to buff, masciVeeseeees 10!
2. ©Shale, light brown, c2lCtTeOUSeseesesscsscssees 20!

1. Oolitic limestone, grey to buff, messiveeeesees 8!

——

Total thickneSSeeeessellB!

Cretaceous system

Kootenai formation--C. A. Fisher (1909, ». 28-85)

named tne Kootenszi formetion for exposures near Great
Falls, Montina. Wallace (1948, p. 28) describes the
Kootenai in tie Tendoy &ree as cousisting of a thick
series of variegeted red, yellow, anc purple silty snales
interbedded with "sslt and pepper" szndstones and lime-
stones. He mekes mention of & prouwinent gastropod

mnerker bed in the lower part of tne formetion. The exact

base of the Kootenal is uncertain in the arez since it
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is poorly exposed. The gray sicles tentatively placed
et tne base may very possibly belong in the Morrison
formation., The age of the Kootenzi is considered to be
Lower Cretaceous, ana the liorrison to be uppermost
Jurassic, No fossils were found by Wsllszce at this
horizon, msking & sharp distinction impossible.

Wellace and Krusekopf (1947) measured the foilowing
section of Kootenei in E. %, Sec. 9, T. 13 S., R. 10 W,
The writer is of the opinion that this section wss
meszsured entirely across the syncline, resulting in a
double thickness of Kootenai (see Map, Plste 1). liowever,
the section is included as measured to show the Kootenzi

lithology.

55' Covered intervalt ® © 00000 0P OO OO OO OSSO OSEPOSEPOSEOIPIEOCEOS .250'
54. Sancstone; salt and pepper, massive; scue beds
contain subangulsr to rounded pebbles of black
&md brov‘f.n C’Ilert....D.O..‘.0...0..’0.‘..0.....‘. 26'
55. Covered inteI‘val...‘O....C...'.l..........'l... 26'

32. ©Sandstone, rusty brown, very well indurated,
S&lt ELnd peppe];...0.....0...0'0.....‘..0lO...... 26'

8l. Covered interval.iseeeecssssececcscessscscsssce DI
30, OSandstone, salt z2nd pepper, WeESSiVeesessesseoese 21T
29. ©Ohale, reddishieeeesceccccscscescscssossssscsscee DI
28. OSandstone, fine grained, sclt and pepPPeleiececses B!
27. Shale, brownish red.,...................;...... 421
26, Sandstone, sclt. 8N0 PEPPETeveecccosossasscscsces 5!
25. ©Shele, brownish reG.iceeeceescscccscssscsscccccss 29!
24. OSendstone, sclt and pepper, interbedded with

severel beds of dark brown weatihering csalcar-

€0US SENUSTONESceseessossesssissvsesssscsssscssas LOT

25. ©Shzle, variegated, red, brown, snd purpleéceese. 1!
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Sandstone, sslt @0 PEUPETeeecosssesssescsssssss O

Sl’l(qle’ rec—i—Q.'.-.‘......‘...'......D...'"....O. b:f‘“

Limestone, gray, weetners to dsark brown,

("J.I‘erlz—‘fceous....‘O...l'.“..‘....Q‘..O......

Sandstone, Salt ﬁnd pepperocoooooooooo
Shﬁle, rﬁdooo.oooo-occooo-onooooooco-o
S&Hdston@, Salt end eryer...........-

Sflﬁle, red-............Q..'....I...'...

L 3

e 00

o e 00 28'
LR X 2N ) 21'
®* 00 5'

cseo oo h%'

Shzle, purple-grey; incliudes & two foot bed of
recdish brovn erenaceous 11imeSt0NCeeessscesseee LU!

i

S

i
il

Sandstone, grey to reddisi grey; includes
owe intervedced $:nCGY Llli€STCIlESeseeesossssssse <O!

ua{‘le, I‘edﬁlﬁl..........Q..O.....O......Q...‘C. 57'

Sandstone, sell cna PEPPECl eoeos00eesososncoscssoe o!

S}l’:ﬂ.le, red.".....‘...‘......'.....l.....‘..‘.‘ lo'

Sendstone, medium graoined,
thin bedded, wecthers into

S
(=4
-

alt ena pepper,
12bby bloCkSeeseesse ©O6!

Shale, alternating red and Provlececesccecsccecee 70!

Covered intervel; inciudes & derk groy gastro-

pod limestone &nd some gray siieles not seen

in measuret SeCtiONeseceseccocccscssssscscossnsse 02!

Si‘l(’j’le, I'ed.....‘.......‘............'.......‘.. ?l'

Sandstone, ligat browvn to gray, medium

grained, frisble; towerd top cocrser sand-

stone, szlt =nd pepper witi: pebbles of black
Cllert; thinbed(i-ed.......l‘.........l‘....'...' 56'

Shale, veriegated red, purple, and bro"M.eceeess 42!

S:‘.’lble, lig&lt gr&y, Il{lrd, SElldy. TR R R R Ry 52'

Shezle, red, calcereous; contacins gastroliths,..l09!

Sandstone, salt end pepper with small liuwonite
concretions, NeSSiVeeseesoosccscsossssssesscssecns 10!

Shale, dark colored; poorly exposed--possibly
lMorrison or Swift formations (?)eeeecceccssessee260!?

Measured thickness...2201!
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Tertiary system

Red Rock Conglomerate--A coarse conglouerczte, gen-
erally red, occurs along the froat of the Tendoy lioun-
tains. It is also found on the eazst side of the valley
in which Lima lies and forms part of low range of hills
called the Red Kock Mount-ins. A conspicuous cliff of
Red Rock is found just ezst of Dell on Highway 91. The
nzme Red Kock hes tentstively 5een given to this forme-
tion pending furtiner study (Esrdley, versonzl communica-
tion). Its age has not been definitely esteblished
beczuse no fossils heve been found in it to date, How-
ever, it 1s generally supposed to be Paleocene., It
underlies the upper Eocene Sage Creek formction uncon-
formaonly, and is younger than certasin Upper Cretzceous
beds in the region. It pre-dates the main Laramide
tirusting , but post-dates the first Larzmide movements.
See lzter paregrapins under Structure.

The formation consists mainly of sub-rounded pebbles
and cobbles of resistant Paleozoic and Mesozoic formstions.
Some Beltisn rocks may also be present in the conglomer-
atic becs., Madison boulders sre conspicuous and in meny
places seem to contribute as much as 75% of the materizl
found: in the conglomerate. It is to be noted, however,
that bhere is great lateral diversity in the Red Rock
formation. The matrix is generally celcsreous and contzins
sowe iron which mekes for red weathering. There sre sev-
eral massive ssndstones interbedded with the conglomerate
renging in thickness from & few inches to severzl feet.

These s:zndstone beds are generelly frisble and lighter in
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color tuaean the congloumerztes. The tiickness of the
Red Rock has not been determined but Prof. Esrdley
has estimated it to be at least 2000 feet thick in
the Limz anticline. (Wallace, 1948, p. 31). The
writer believes thet this wouid coustitute @ winimum
thickness because thce exposures along the Tendoy

Mountain front indicate that it 1s consildersbly tnicker.

Basin beds--In the Mudady Creek basin, the Medicine
Lodge Creek besin, and in intervening asrezs is found
a thick series of continentel sediments couwprising what
wes formerly czllea tne "Bozeman Lake becs" by Peale
(1895, p. 32-43). W. P, Huynes (1916, p. 270-290) how-
ever, showed the besin beds to be sub-aerizl fluvia-
tile deposits, ena meinteined thst, since they were not
of lacustrine origin, the term "lske beds" was not proper.
Furthermore, Atwood (1916, pp. 705, 706, =nc 712) showed
thaet the "Bozeman Lake beds" in places were mainly glacial
outwash deposits. It was foimerly believed tnet the age
of the basin beds was upper lMiocene, or perhaps as young
es eslly Pliccene, @nd such wes stited by the University
of Michigan gracuate students who worked in the area
during thne Summer of 1947.‘ however, it now seems more
likely thet they are the equivalent of Douglass! Sage
Creek beds of upper Eocene age wiich are foﬁnd in the
ad jacent hed Rock Hills on the east. The author has
never seen tnese becs, but wes informed by rrof. Eardley
thet the proximity and lithologic similarities between

the Sage Creek beds nc¢ thc basin beds found in the
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subject area meke their correlation probeble. In both
are found bentonites and tuffs with wood fragments, and
associated baszlts and rhyoiites (personal cownunication) .

Kupsch describes siwmilisr beds as occuring in the
ziea which he studied in 1947. e applies the neme
Nichoiia Creek basin beds to the formation, but the liti-
ology wiich he describes couforuws favorebly to that of
tne basin beds i duddy Creek and kedicine Lodge Creek
basins. It is likely that all of the verious basins
in southwestern lontasna were intercomnecting prior to
the Mid-Tertiary block fsulting, anc thus 1t wigot be
expected that the deposits in two adjacent basins would
be feirly similar in age.

L great veriety of rocks cow,.rise tie besin beas,
most of them being feirly well indurated. Among the
various becs obgerved by tue writer were included con-
glouerates, shales, sundstones, fresh-water limestones,
bentonite, rhyolite tuffs, and siitsivaes. The total
tioickness of tie deposit is unknown, although Kupsch
(1948, p. 30) estimectes & thickuness in Nicholia Creek
besin of at least 5000 feet, barring repetition of beus
aue to fo;ding or faulting. It is reasonsble to assuue
thet epproximately the ssme thickiess would exist in
the neighboring Qasins.

Although & considereble nuuber of plent fraguents
have been found in the basin beds, none have proved
diagnostic. Howevcr, several very gooG speciliiens were
found by Kupsch, Smith, @nd the author in the Petersou

co:zl mine in Section 83, T. 12 S., R. 12 W. in the Med-



29

icine Lodge Creek besin. Included among these fossiis
were several well preservec sp.eciumens of flowering
plants which msy prove of value in cefinitely dating

the becs,

Tertiary (?) grevels--On the nigh spurs =t the

edge of the basins, &t azn elevation of about 7500 feet,
there was found a veueer of uanccnsolidated greavels. The
grevels, renging frow fine pebbles to bouiders, consist
of pre-Cambrian schiscs enc guartzites as well as younger
Paleozoic end lMesozoic rocks. That thece gievels are
till scems very doubtful. Tae grecvels snow no eviaence
of ice treasportation, asna the nearest source of mountein
glaciers is the Beaverhecd Mountsins, sowme miles to the
west. HRather, they aie presumed to be peciment or chan-
nel gravels of & lste Tertiary erosion surface. Their
age cennot definitely stated, but they may be as young

&s Pleistocene (Eardley, personzl communication).

Intrusive rocks--The western nalf of the asrea is

intruded by an acid pluton of unknown cimensions. This
rock is of a gneissic appearence due to linestion of the
ferro-magnesien wineresls., Iiegascopicelly, the intrusive
appears to be & grano-diorite although petrograpnic study
will be necessary for & correct determinstion. The in-
trusion csused some interesting contect metamorgpiiism in
several p.aces in the area., In Sec., 7, T. 15 S., k. 11 ¥W,,
the body is intruded into the Madison liiestone., This
c.ntect is well exposed in the Sweeney mine in the NE g
ofbthat section. The cuntact trends northesst and the

. . . . 0o \ . . .
mineralized vein dips 559 SW. The vein attains & maximun



thickness of zbout 5 feet although this varies consid-
ersbly. In some places &s meny as four thinner parellel
veins were observed. The liadison hes been recrysteilized
for & considerable distence from the ccontect. The mine
wes originally worked for leaG ores, with galena and
cerrusite present. At present it is being operated on
a smalli scazle. The velin also inciudes sphalerite and
smalid gusntities of silver.{ The verticcl extent of tue
vein is sbout 100 feet, end its lateral extent could
not be determined.

At the nortn enu of MceBrice Creek, bec. 22, T. 12 S.,
R, 11 W., is another mine workiag. Iiere the intrusive
hes a scihlstose cppesrence and carries a large amount
of graphite. The source of tiane graopnite is a matter of
connjecture., This locality is nesr the contect with the
Madison liwestone, with the wain trench about 100 yaras
from tne contact. It is prcebesble tuat the grespnite wes
deposited eitner from unydrotuermal solution, or by re-
duction of organic mattervin tiie originel limestone.,
Little could be lecrined svout the vrospect siiice the
claim is only being held and not worked at the present
time. The trencir is sheilow end yilelded iittle inform-
ation. It is possible tiat tie rocks in the licBride Creek
area have been cut by dikes, since & considerable amount
of pegmetitic meteriasl wes observea in tine float.

The age of the granodioritic intrusion is & matter
of considerable speculation. Loss (1928, p. 6745-693)
distinguishes taree different groups of intrusives in

tiils gerneral region, none of wnich seem to fit this
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particulcr cese:

1. Idzho betnolith with cutiiers--sge is late
Jursssic to early Creteceous.

2, Boulder bsatholith with outliers--zge is younger
tihien the Icaho bathnolith but older thasn No. S.

%, Tertiary granitic rock--is probably of Oligo-
cene age.
(Kupsch, 1948, p. 42)

Kupsch describes a pluton zlong the Continenteal
Divide which besrs similarity to that found in tnis
siea. He dates the upper age iinit of his intrusion
by its relationship to extrusive flows in the &rea.
Since these fliows nLave generally been assignec to the
Oligocene anc Miocene, and since thelr relationsinip
to the intrusion iandicates thet the flows are younger,
the intrusive camnnot fall into one oif the categories
proposed by Ross, but rather, it would coaform to the
pluton described by Umpleby (1913, p. 4£) on the Idaho
side of the Continental Divide. He assigns it to tihe
late Cretaceous or eariy Terticry.

The writer was not able to locute @ relationship
between the extrusives and the intrusives in nis area,
but on the suggestion of Kupsch it was declded to
tentatively date the iatrusives as Cretaceous-Tertiary.
Future work msy uncover relationships wiich will more

accurately date the rocks.

Volcanic rocks--The extrusive rocks in the area
coiisist of large scattered patches of tiick besaltic
flows, intervedded with thimmer layers of rhyolites.
These volcanics are mzinly concentrated in/Muddy Creek

basin, although one tongue of basalts extends up over



the crest of the Tendoys, just north of Timber Butte.
Associzted with the flows are severel large patches of
volcanic breccia, some of which seem to indicate the
presence of small spetter cones., Wallace (1948, p. 32)
makes mention of spatter cones in the Little Water
syncline area, stating tnat some of thew have sufficiently
retained their shape to form closed drainage basins
containing smell rakes.

The basrlts are mainly dense s=nd derk brown in coclor,
zlthough there is much local variation in color and
texture. It is not uncommon to find vesilcular basclts,
The rhyolites and veterlaic tuffs are light colored
cnd in some plsces contain phenocrysts. The maximum
t.ickness of the extiusives is not kaown, but tioere aie
cliffs in tie Sourdougn Creek cenyon which are over 300
feet nigh. These volcénics are generzlly upper Focene

and lower Oligoceie in &ge.

Quaternery system

There is & ceep mantle oi clluviuw of undetermined
thickness in the Red Kock basin snd slong sll the mein
stream courses in the area. This msterial extends only
& short distence along each sice oi the streem so in
sowe places it is not wappeble. The lerge basins also
exnibit terrsce gravels of uawnovn thickness. In the
Eed Kock basin there are at least two cistlact terraces,
one apout 40 feet nigher tioen the otier. Viere exposecd
in cuts along the ilyghway 91 the gravels waking up the

terrsces are well-roundeG and show good sorting. They
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are only silgntliy indursted.

Wallece and Krusekopf mapped two smelil lendslides
in Little Weter Canyon. Tnere are numerous otier lenc-
slides in the ares obut they erc genersily so small s

to be unworthy of ma.ping.
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STRUCTURE

KRegional features

Tnere have been taree uajor periods of crustal
deforuation described in tine region:

1. Crumpling &nc crusining of pre-Cambrian rocks
toward the close of the Algonkisn period,
associcted with regional metamorpnism of
low-grade intensity (Kupsch, 1948, p. 56).

2. DLaramide movements in two piiases, beginning
in tie Cretaceous and continuing into the
early Tertiary. The eerly Laramide movements
resulted in folaing as far as kanown. The
Later Laramide structures were tne grezt
thrust sineets. The early folds took both
a northvwest and nortneast direction. The
thrust faults trend noitaerly.

3. Mid-Tertiary block faulting, trending north-
westward anda producing horst enc graben and
tilted feault block topography.

V. R. D. Kirkham (1927, p. £6-29) has mapped four
major tnrusts to the soutin in Idaho, and tne Tendoy
Mountains are approximately in line with tie northwerd
extension of the ezstward edge of tinis zone. The gen-
eral structurel pattern of the region is yet ill-defined.
The mejor structural feztures (Beaverhe:zd Kounteins,
Tendoy Mountains, Red Rock Mountains, Snowcrest Kange,
Gravelly Range, Tobacco Root Range, Madison hange,
Centennial Valley) sre diversely orieated. Future
fiela work mey serve to resolve the structurzl pettern.
S5till, sufficient is known to establish tine geosynclinal

end shelf zones, &nd tihe belt of tiarusting.



Laramide structures

Folds--Folding in the ares toek place in two main
episodes. Early Laramide folding resulted in NE-SW
trending folds, as seen in tne Little Water syncline,
The Sawmill syncline to the south in the Lima Peaks
area, and tine Snowcrest uplift to tne soutiheast in the
Snowcrest Range. Later folding resulted in NW-SE
trending axes. Tuaese folds make up the synclines and
the southwestward. dipping monoclines which form the
mein part of the Tendoy liountains. Tihe NE-SW folds
pre-dete tné Red‘Rock conglomerate sna tiie NW-SE folds
mey also pre-date tie couglomwerate. Following the
deposition of the conglomerate tiie Beaverihead tirust
occured, trending northerly and riding over the easrlier
Larsmide fectures. To the north, Just soutn of Armstead
on Highway 91, the axis of the Tendoy syncline appe&rs
from under tne torust sheet (Bardliey, personsl communi-
cation).

Wellace (1948, p. %6) postulates tuat toe part of
the Tendoy liounteins soutn of Little Vater cenyon may
represent the west flank of & north-south trending
anticline of which tie esst flank wes broken and down-
thrown by the Ked kock fault. iowever, Wallace mis-
interpreted the structure, believing tinat the sediments
waich meke up tue syncline in Little Vater canyon flare
to tne north and south. The writer and his associate
found tiat the structure wess, in reality, elmost &
closed structural basin. The formations which Wallace

believed to swing north sctually swing back around and
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trend southwsrd, paralleling the beds wnich meke up
the south flank of the syncline. Thus tne anticline

which Wallace postulated camnot exist.

Thrusts--The presence 6f one turust was cefinitely
estoblished, another small thrust was postulated, and
a tnird thrust which had been previously identified
was proved non-existent.

The trace of the Beaverhead thrust (see Geologic
mep) was first picked up on the north flank of Timber
Butte and wes thence tracec to thie nortiern extent of
the zrea. The same tiirust resppears fertier to the
south in the zrea mspped by Adsm and Benner. Future
work may show thast the thrust travels fartier north-
ward. At Timber Butte tne ladison rides over the
Quadrant quertzite. Frow toe north as far ss tae
fault was traced it wss Madison over the Ked Kock
- conglomerate. The thrust sheet is mede up of the liad-
ison limestone. The dip of the tirust sheet in Sec. 340,
T. 12 S., H. 10 W, is 18° to the southwest. Dip readings
were taken at severcl places clong the torust end they
conform closely.

Anotner small reverse feult is portulstea in the
west flank of Little Water syncline (see cross section).
This seems necessary to explein tie horizontal displace-
ment in the Mesozoic sediments. If no norizontal move-
ment hsad occured it would seem tinat tihe west flenk of
tiie syncline would heve beeu broken snd downthrown by
the Fast Muddy Creek fault.

During the Suamer of 1947 Wallece and Krusekopf



mapped a reverse fault along tue west side of tne Tendoy
lMountains whicn they called the Tendoy. tirust. Thnis
hrust was also mspped by Lipp and becker in tihe area
immedistely to tore soutn. The writer at first believed
tinis fault existed and assuwed toat tine tirust in his
ares wes ¢ continuation of tuoe Tendeoy thrust. However,
upon investigation tie writer ana inls as:ociate found
numerous columnels of tie Triassic-Jurassic crinoid

Pentacrinus sp. in the beas waich Wsllace anc Krusekopf

hed identified as a Madison thrust sheet. Thus, the
aresc in guestion was remeppec s Thaynes, tine sediment-
sry nature of the contact being established. Fartaer to
the south in Sec. &5, T. 15 8., K. 10 W. they hed mapped
& klippe of the szme turust sieet. This klippe of
lMadison proved on investigstion to be Phosphoria., Al-
though the unit is cuite unfossiliferous & brachiopod
wes found in this unit whichi wes identified by Carl

Moritz of the Phillips Petroleum Compeany as Bucksonia sp.,

a2 Permisn index fossil (personel communication).

Mid-Tertiary structures

High angle faults--Four high engle {eults were

mepped in the srea. The faults, in tiree instsnces,
are the northwsra continuations of tunose mapped by
Wallace =nd Krusedopf. They ere all rougnly persllel
end strike in & nortiwesterly direction. The movement
along these faults resulted in a'graben, & liorst, and
& tilted block. DMuddy Creek bazsin is & graben, the
Tendoy Mountains & norst, and the Ked KRock basin &

tilted feult block.
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The eastern-wmost feult, tie KRed hock feult, truncates
the Paleozolic and Mesozolc structures in tie Tencaoy Moun-
tains, and with the cownaropping of the basin block tuie
mountain front was formed. The throw is estimated as
1000 fect (Wallece, 1948, p. 41). The bssin nes since
received & toick fill of wueternary eslluviuwu. hecent
movewent along the feult is lidicatec by & smell feulit
sceru, with trianguler fecets, cut in tne ciluvium at
the Tendoy front. This scarp is best shovn between
Big end Little bheep Creeks.,

| Tane upthrovn block wiilcir forms the Tencoy liounteins
is bounded on the soutihwest by cnother high engle feuit,
the East liudcy Creek fault. This feult, wiiich forms
tile northeast side of the lMuddy Creek beasin, cuts across
the Beaverhead tarust siieet and tie broken sheet passes
to tne westwerd beneath tiie Tertiary sediments in the
basin. The nortiward trace of tne fault is lost a
tine contect of the Tertisry volcanics with the Madison
in Sec. 8, T. 12 5., K. 10 W,

L third normasl fault wes foung which cuts the
Beaverheed tihrust shieet along Sourdough Creek. The
nortineastern block wes uplifted and the soutihwestern
block wes dropped. The fault was traced as far north
as the tongue of intrusive rocks in Sec. 4, T. 12 S.,

R, 11 W, Future work may show tie fault to continue
farther nortn.

The fourth normsl feult is the area, the West
Mucdy Creek feult, clso bounds the soutiawest side of

Muddy Creek besin, but it is displaced farther to the
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west then the associctec fault fertier to the scutin in
tiie vicinity of the Lower Harkness hencn, Sec. 15,

T. 14 S., R. 10 W, Botihh of tnese faults bring tie
Beaverheazd tarust sheet to tiie surface. Botn are marked
by feult-line scsrps. Tae cisplecement clong the fsults

is unknovwn.

Age relstionsnips

Bezvernesc tarust--The exact sge of the tiarust is

not known., Tne youngest formation wnicii it overriades
is the Hed Kock counglomerate. It is cut by the Mid-
Tertiary normzl faults enG is overlappeG by tie basin
beds. ©Since the tarust is younger tusn tihe hed Rock
conglomerate (Paleocene?) and older then the basin
beds (upper Eocene?) the tirust is deduced to nave
occured somewhere betweeir late Paleocene and upper

Eocene,

Ked Rock conglomerate--Since no fossils uave

been found in tihe KRed Rock conglomerate its exact

age can only be guessed. That it was derived from

a source-lsnd wihich was vigorously uplifted is at-
tested to by tiie cosrseness of tihe material wiich
mekes up the conglomerate. It is overlain unconform-
ably by the Sage Creek formetion of upper FEocene

age in tihe Ked Kock hills, east of Dell (Dougless,
1903, p. 145-146). This reletionship, plus the fact
tiaat tihe source of tie conglomerate was presumably

a Leramide highland to tie west, suggest taat the Red

Rock is lower Eocene or Paleocene in age.
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Basin beds--The basin beds were first thought to
be of Miocene age, but it now seems that they can be
correlated withh the Sage Creek beds. Their close pro-
ximity as well &s tineir lithological similarity makes
their correlation plausible. 1In both are found ben-
tonites snd tuffs with wood fragments, and associated
baszlts and rhyolites. Inasmuch as the upper Eocene
dating of the Sage Creek beds is supportec by paleon-
tological evidence, tine basin beds are also tentatively
placed in tne upper Eocene. Future work mey establish

or disprove this dating.

High sngle foults--Fixing the time st wiilch the
normel feaulting occured is difficult. Tnat the Red
Rock fault has experienced recent movement is evidenced
by the fault scarp cut in tie zlluvium zlong the Ten-
doy front. However, all that can be inferred concerning
the time of major displecement is that it took place
following the deposition of the basin beds. In Luddy
Creek basin the basin beds have & fairly uniform dip
of 20° to the east (Wallace, 1948, p. 46). The lith-
ology of the beds indicates tnat tiey were not depos-
ited against & fault scarp, but, ratiher, their orien-
tation suggests that they were tilted due to an unequal
anount of displecement along the faults bounding the

graben.



PHYSIOGRAPHY

The Tendoy-iiedicine Lodge area is locatec in the
Northern Rocky Mountain physiographic province. This
province is charescterized in southwestern liontana by
a diverse structural pattern. The term "range" is not
properly applied to tihe mountains since they exnibit
little linestion. In the subject area, the relief in
large part is attributeble to the structure, the block
fault structure controlling the topographic expression.
The besins range in elevation frou about 6200 feet to
sbout 7000 feet according to tine local base levels of
erosion, Tne summit level, if such could be said to
exist, ir roughly 9000 feet with a few residual peaks
rising higher. These peaks zre zll held up by the re-
sistent Quadrant quartzite.

Three erosio:a surfaces may be postulated within
the area.4 These surfaces may possibly cbrrelate with
Blackwelder's surfaces in Wyoming. Only future detailed
work can determine this. For the sske of convience tue
Wyouiing names have been employed to designate tne sur-
faces in the area. The oldest surface is the Black
Rock surface, found from 7500 to 9000 feet. This is
generally the summit surface. Younger tinan this 1s
the Circle surface, generally a pediment, and best de-
veloped in the basins from 6000 to 7000 feet. This
surface is well shown on the high pediments in Muddy
Creek basin. The accordancy of the spurs is striking.
The youngest surface comprises the river terraces of

the Wisconsin znd Recent and the mcdern river bottoum
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lands. The age of the erosion levels is uncertain, but
it does seecm evident that the Circle surfazce post-dates
the normel fsulting. A good illustration of this is
seen on the west side of liuddy Creek basin just south of
Graphite Mountecin where the prominent fault line scarp
is suddenly interrupted by a reentrant of basin beds.

The area is drained by Big Sheep and MedicinekLodge
Creeks. The latter is in a strike veliey and nas been
rejuvenated st leazst once, as evidenced by terrace gra-
vels., The former stream is an antecedent stream wiich
is trensverse to the Tendoy structure. If the channel
hed been developed on the present surfece its easiest
course of exit would have been tirough the soft Meso-
zoic sediments in Little Water canyon. Actually, the
stream cuts througn the main part of the Tendoys, not
in & straight chennel, but in a tight meandering course.
Such 2 mesander pattern could not have been developed on
the present surface but wust have been inherited from
an old erosion surface which pre-dates tine present
topogreaphy.

The Red Rock beasin hes been reavily alluviated and

at least two well separated terrsce levels were noted.



SUMMARY OF EVENTS

Recent

Uplift and dissection, Glaelation
and depocsition of gluelul cutwash,
Dissection of modern river bottom

lands.

Farly & Middle

Uplift =2nd erosion of Circle sur-

Pleistocene fzce pediment.

Erosion of Black Rock surface, De-
Pliocene position of high level gravels.
Kiocene Block faulting.
Oligocene Continued basin bed deposition and

volecanisa,

Upper Eocene &
Lower Oligocene

Absavoksn voliceanism, volcznle dam-
wming, heavy volcenic dustfslls, local
volcanism, creation of freshwster
lzkes, snd extensive sedimentaticon
in intermontazne valleys,

Barly & MKiddle
Eocene

Long cycle of erosion to form inter-
montane valleys.

Late Paleoccene or | Laramide thrusting. Coupressional
Early Eocene forces from southwest.
Paleccene Erosion of highlands sznd deposition

of Red Rock conglomerate,

Lzte Cretacecus

lejor period of Lsramide folding,
producing NW-8E folds. OSource of
Red Hock couglomeraste wes elevated.

Early Cretaceous

Beginning of tie lLarsmlde orogeny.
HE-ESW folds produced.
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