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ABSTRACT

The Tendoy Mountains are located in the extreme
southwestern portion of Montana about 15 miles east of
the Beaverhead Mountalns whose crest here forms the Ida-
ho - Montana boundary. The rocks exposed in the area
are mainly Upper Paleozolc and Mesozolc strata. Some
Tertiary extrusives and fresh water sediments are also
present. The structural features developed during two
major periods of orogeny: - Laramide and Mid-Tertlary.
The major Laramide structure is the Tendoy thrust. La-
ramide folding and thrusting was followed by the deposi-
tion of the Red Rock conglomerate. Late Laramide fold-
‘ing deformed the Red Rock conglomerate. Erosion and/or
warping developed broad basins which received Mid-Ter-
tiary extrusives and fresh water sediments. The major
Mid-Tertiary structures are high anglé normal faults,
the Red Rock, the Muddy Creek and two unnamed ones that
bound the southwest side of Muddy Creek Basin. Movement
along these faults resulted in a horst and graben topog-
raphy. Faulting was followed by erosion resulting in the
development of extensive pediments in the Pliocene. Since
Pliocene time, renewed erosion has cut deeply into the
soft Tertliary sediments and exhumed the old fault planes

to form fault-line scarps. Two partial cycles of erosion
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are indicated by dissected pediments. Well developed
triangular facets and small fault scarps cutting alluvi-
al fans indicate continued movement along the Red Rock

fault.



INTRODUCTION

Location of area

The Tendoy Mountalns are located in Beaverhead
County in extreme southwestern Montana. See index map,
plate 1. The part of the Tendoy Mountains mapped lies
about three miles northwest of Dell in Tps. 12 and 13 B.,
R 10 W. The area is bounded on the south by Sheep Creek
and on the east by the front of the Tendoy Mountains.
The western boundary is marked by an irregular fault
scarp that forms the west side of Muddy Creek Basin. A
northeast - southwest line through Timber Butte 1s the

northern boundary.
Accessibility

The area 1is reached by U. S. Highway 91 which here
parallels the Union Pacific Railroad (old Oregon Short
Line). The Sheep Creek road from Dell (on U. S. 91)
provides easy access to the south side of the area and
the Muddy Creek road serves a similar purpose along the
western edge of the area. The few wagon roads are gen-

erally impassable to motor vehlicles and the interior of






the area nust be reached on foot.
Description of area

The topography of the area is quite varied. The
interior 1s generally marked by steep slopes delimiting
strike valleys. The eastern edge of the area is limited
by the bold front of the Tendoy Mountains, and along the
south side Sheep Creek has cut a deep narrow canyon.

The gorge is especially striking where it cuts through
the Quadrant quartzite which forms high steep talus
slopes of dark weathering sandstone. The canyon broad-
ens into an alluvium filled valley where Sheep Creek
crosses the southern end of Muddy Creek Basin. The Lower
Harkness Ranch 1s located in this valley which provides
good hay meadows. The slopes of the Muddy Creek Basin

are gentle except where badlands are locally developed.

Most of the area is drained by Sheep Creek aﬁd its
tributary, Muddy Creek. Sheep Creek empties into the
Red Rock River just east of Dell, but its volume is very
small at that point. Most of the discharge 1s used for
the irrigation of fields between the mountain front and

the Red Rock River.

Sagebrush 1is the dominant type of vegetation although

small conifers generally cover the high north slopes.



Previous work

Very little work had been done in this area prior
to 1946. During the summer of 1948, Eugene S. Perry and
Uuno M. Sahinen made a reconnalssance map of the Tendoy
Mountains and the area to the west and south as far as
the state line. W. Lowell mapped part of the area in
detall during the same season but the results of his work

are still unpublished at this writing.
Purpose of study

The purpose of the study was to map in detail and
work out the geology of a small critical area in the
Tendoy Mountains. This report is written as a Master's

thesis for the author at the Unlversity of Michigan.
Acknowledgments

The field work for this report was done during the
month of August, 1947 under the supervision of Dr. A. J.
Fardley, Professor of Geology at the University of Mich-
igan. Dr. Eardley also supervised the writing of this
report and has given much help in the preparation of the
accompanying map from aerial photographs. Henry H.
Krusekopf, graduate student of the University of Michigan,
accompanlied the author in the field and worked with him



in mapping the geology. The author 1s also indebted to
Edward G. Lipp and Robert Becker, graduate students at

the University of Nichigan, who measured some of the

sections.



STRATIGRAPHY

Stratigraphic column

Not all of the formations listed in the following
stratigraphic column are present in the area mapped but
they are exposed in adjacent areas and are therefore

included. See table 1.

The stratigraphy of the area was relatively unknown
to the author and the first few days were spent in be-
coming familiar with the formations present. During this
time the stratigraphic sections were measured. The prob-
lem of obtaining accurate and complete measured sections
‘was difficult because the only complete section in the
area showed considerable distortion of beds. At other
places the sections were cut off by faults or covered'by
thrusts. The heavy talus slopes of the Quadrant quartzite

obscured many contacts. Some of the sectlons that might
| have been very good were partially covered by Tertiary
volcanics and the outcrops were generally poor and dis-
contlnuous. The following descriptions of formations
come in part from the work of associates who mapped in
nearby areas and to date are the best that can be presen-

ted.



TABLE 1

Stratigraphic Column

Age Formation Thickness
Queaternary Alluvium Unknown
Miocene 7 Muddy Creek Basin beds Unknown
Paleocene ? } Red Rock conglomerate 2,000'
Lower Cretaceous Kootenai formation 2,200!
Jurassic Rierdon formation 116!
Jurassic Sawtooth formation 2521
Triassic Thaynes formation 7911
Triassic Woodside formatlon 3531

 Triassic Dinwoody formation 5531
Permian Phosphoria formation 802!
Pennsylvanian Quadrant quartzite 35,3191
ﬁig‘;ﬁgﬁ;’;gi:g 88 Amsden formation 2,022!
Mississippian Madison limestone 2,000! i
Devonian Threeforks formation 300!
Ordoviclian Kinnikinle quartzite 100!

Cambrian Flathead quartzite 300!



Pre-Mississlippian rocks

The oldest rock unit exposed in the area mapped is
the Madison limestone. The rocks older than the Madison
limestone are described from exposures in the Beaverhsead

Mountains to the weste.

Flathead quartzite. The Flathead quartzite of Mid-

dle Cambrian age was named by A. C. Peale (1893, p. 20-
21) for expoéures in Flathead Pass in the northeast cor-
ner of the Three Forks quadrangle, Montana. It generally
fests unconformably on pre-Cambrian rocks and varies in
thickness and lithology. Walter Kupsch and Robert Schol-
ten, graduate students of the University of Michigan,
‘measured 300 feet of Flathead quartzite in the Beaverhead
Mountains but the base was not exposed (personal communi-
cation}). The quartzite is a dark purple to maroon color
and contains some stretched pebble beds. It is generally
massive but highly fractured and in places shows cross

bedding.

Kinnikinic quartzite. The Kinnikinic quartzite of

Ordovician age was named by C. P. Ross (1934, p. 947}

for exposures along Kinnikinie Creek at Clayton, Custer
County, Idsho. It is described as a massive, light
colored quartzite with lenses of dolomite and shale. The



thickness is given as 3,500 feet. Walter Kupsch and
Robert Scholten (personal communication) found 100 feet
of hard white quartzite above the flathead quartzite in
their area southwest of the Tendoy Mountains. This was
identified on lithologic grounds by C. P. Ross upon a
field vislt as the Kinnikinic. The total thiclkness is

unknown as the upper part has been removed by erosion.

Threeforks formation. The Threeforks formation of

Upper Devonian age was named by A. C. Peale (1893, p.

29) for exposures at the junctlon of the three forks of
the Missouri River near Three Forks, Montana. Walter
Kupsch and Robert Scholten (personal communication] found
a 300 foot thiclkmess of yellow and gray calcareous shales
and argillaceous limestones underlying the Madison lime-
stone In the Beaverhead Mountains. It is apparently un-
conformable on the Kinnikinic quartgzite. This has ten-
tatively been called the Threeforks although no fossils

have been found.
Mississippian system

Madison limestone. The Madlison limestone of Lower

Mississipplan age was named by A. C. Peale (1893, p. 33-
39) for exposures in the Madison Range, Montana. Peale

described it as a light, bluish~-gray to dark colored,



compact limestone 575 feet thick. The Madison limestone
outcrops at several places In the area mapped but no com-
plete sectlon is exposed, and the thickness is unknown.
It has a lithology similar to that noted in the Madison
Range. It is generally fossiliferous and most specimens
give a strong fetld odor when freshly broken. The Madi-
son limestone 1s resistant and forms steep cliffs where
it crops out in two fault-line scarps along the west

gside of Muddy Creek Basin.

Pennsylvanian system

Amsden formation. N. H. Darton (1904, p. 398-401)

-named the Amsden formation for exposures along the Ams-
den Branch of the Tongue River in Wyoming. The exact

age of the Amsden formation is a matter of controversy.
Both Mississippian and Pennsylvanian fossils have been
found. C. C. Branson (1936, p. 391-392) proposed the
name Sacajawea formation for the lower Amsden but no at-
tempt is here made to differentiate the Amsden from the
Sacajawea. In the Tendoy Mountains, the Amsden formation
is underlain by the Madison limestone of unquestioned
Mississipplian age and overlain by the Quadrant quartzite

of Pennsylvanian age.
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The Amsden formation consists of a thick series of
interbedded dark gray, light gray to buff weathering
limestones and calcareous shales with some calcareous
sandstones in the upper part. A few gypsum fragments
were found at one horizon but the well defined white and
pink gypsum layers and the red shales so characteristic-
ally developed in parts of Wyoming are absent. The total
thickness is over 2,000 feet.

Amsden formation measured in NW %, Sec. 36,
T. 13 S., R. 10 W.
29. Limestone, dark gray weathering to light

gray, fine grained ccemcceccmccccacccecccna 2.0!
28, Sandstone, light tan, friable mecmmeccaccea- 6.0!
27. Limestone, dark gray weathering to light

gray, fine grained maeeaccmccccacaccmcmcaaa- 8.0!
26. Covered interval mmemcmcccccmcceccccccmccana 58.0!
25. Limestone, dark gray weathering to light

gray, massive, 4eNSe mceccemccccmccmcncnm——n—— 10.0!
24. Covered interval meeemececomccccmccccecceea 139.07
25. Limestone, dark gray weathering to buff

color, crystalline, well bedded; contains

numerous thin bands of chert ccmcemcccccccaas 43.0!
22, Shale, gray; grades upward into brown

shales; upper part of bed covered meamemeceao 389.0!



21.

20.

19.

18.

17.

16.

15.

14.

13.
12.

11.

1l

Sandstone, light brown, thin bedded, cal-

careous; well bedded but the thickness of

individual beds varies considerably; in

places weathers a reddish purple color _____ 120.0!
Sandstone, tan, weathers to rusty brown,

massive, friable .o e e 24.0!
Covered interval - covered by Quadrant

quartzite talus o__.o..._ —————————————————— 269,01
Limestone, gray, finely erystalline;

contains numerous organic fragments ______._ 12.0!
Limestone, dark gray weathering to buff,
argillaceous, thin bedded with some in-

terbedded chert a oo 38.0!
Limestone, gray brown weathering to buff,

finely crystalline, fossiliferous accececae-- 62.0!
Shale, gray, thin bedded, calcareous; con-

tains numerous pelecypPods mmcmmcccc e 80.0!
Sandstone, light tan weathering to orange-

buff, hard acce e ——— 3.0
Shales, gray calcareous, thin bedded oaoo_.- 29.0!
Limestone, dark gray weathering to buff,
crystalline; contains productids aeemccccacaa 21.0¢
Gray shales interbedded with limestones;

grades upwards into brownish and buff

colored beds ——e e e ——— e ———————— 106,01



10.

5.
4.

12

Iimestone, argillaceous, gray; interbedded

with shales, dark gray weathering to light

gray, thin bedded, calcareous; some gypsum
fragments camcccccmccn i mc e - 245.0!
Limestone, medium gray, medium grained,

highly fractured aaceamcccee e 29.0!
Shale, dark gray weathering to light gray,
calcareous, thin bedded; interbedded argil-

laceous 1imestones aeeecccccccmmcccmcaaaoa -= 0B7.0!
Limestone, light to medium gray weathering

to buff, finely crystalline, highly frac-

tured; fractures filled with secondary

CalClte mmcmc e ccceemecccec e 14.0!
Shale, dark gray weathering to light gray,
calcareous, thin bedded; interbedded ar-

gillaceous 1limestones cemcmcmcccmcmcccccaaaa 43.0!
Limestone, gray, thln bedded, ;rgillaceous - 67.0!

Limestone, buff colored, thin bedded,

Limestone, dark gray, fine grained,

Petrolliferous cacmmmccmcccemmecccencc e 4.0!
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2. Shale, gray weathering to light gray, thin
bedded, calcareous; contains pelecypods .... 86.0!
1. Limestone, dark gray weathering to buff,

dense, COMPACE mmmccmdmcccccccccccc e ———— 48,01
Total thickness acaaea 2,022.0!

The above section was measured by Brunton compass

by S. R. Wallace and H. H. Krusekopf.

Quadrant quartzite. A. C. Peale first applied the

term Quadrant formaetion to those beds lying between the
Madison limestone of Mlssissippian age and the Ellis
formation of Upper Jurassic age, in the Three Forks,
‘Montana region. Since Peale first named the formation,
W. H. Weed (1896, p. 5}, D. D. Condit (1918, p. 111),
and H. W. Scott (1935, p. 1013) have defined the Quadrant
as including rock units of different ages and lithology.
As used here, the Quadrant quartzite is restricted to
those beds of Pennsylvanian age lylng between the Amsden
formation and the Phosphoria formation, and is approxi-
mately equivalent to the Tensleep sandstone of Wyoming.
It consists of a thick succession of light tan to white,
quartzitic sandstones with a few dolomite beds toward
the top. It breaks up into dark-weathering, angular

blocks that form conspicuous talus slopes. No fossils
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were found. The total thickness is over 3,300 feet.

12.

1l.

10.

O.

8.

4.

Se

Quadrant quartzite measured in E. %, Sec.
35, T. 135 S., R. 10 W.

Sandstone, dark gray, massive; calcareous
COMONY e e ————— 26,31
Covered interval; dolomite and chert
layers present caacocccmca e 280.9!
Limestone, more pitted than lower beds,
otherwise SimilaY cecmccccmemmcacaea- 8.8
Dolomite --_---; ........................... 15.5!
Limestone, gray to light buff, weathers
white to buff; finely crystalline, dense,
8lightly pltted aomm i 5.0!
Dolomite, light gray to white, dense at
base, sandy and cherty near top aceccmcaa- - 54.9!
Sandstone, white, friable, weathers to
even SlOPe eevccccccccmccmcmeenc——— ——————— 131.0!
Sandstone, white to light gray, weathers
to brownish tan; grades upward into light
tan weathering bedsS e e mmoae e 1724.9¢
Sandstone, dark tan, weathers to light tan- 913.86!
Sandstone, light tan, weathers to light
gray; friable, massive; interbedded with
2" layers of quartzitic sandstone; some

thin dolomitic layers aaeacea e oo oo 109.4!
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2, Sandstone, gray to buff, weathers to tan;

thinly bedded, quartzitic; some thin

shaly sandstone layers aaeecacccecmccccmceca - 0.0?
1. Sandstone, white to buff, weathers light

gray, occasionally mottled slightly red-

dish, friable, massive, cross bedded acamea-- - 43.8!

Total thickness aaca-- 3,319.11
The above section was measured by Brunton compass
by H. H. Krusekopf, R. Becker, and E. G. Lipp.
Permian system

Phosphoria formation. The Phosphoria formation was

named by R. W. Richards and G. R. Mansfield (1912, p.
683-689) for exposures in Phosphoria Gulch near Meade
Park, Idaho. The Phosphoria formation in the Tendoy
Mountains consists of interbedded shales, dolomites,
limestones, sandstones and siltstones. The typical
phosphatic shales and beds of pisolitic phosphorite are
missing. Most of the beds contain large chert nodules,
characteristic of the Rex chert member in Idaho. The

total thickness is over 800 feet.



20.

19.

18.
17.

16.

15.

14.

13.

12.

11.

16

Phosphoria formation measured in Sec. 35,
Te 153 S., R. 10 W,

Limestone, tan to medium gray, weathers
gray, very hard, fine grained, crystalline,
mottled white with calcite, partly covered -- 10.0!
Dolomite, gray, weathers gray to reddish
brown, cherty, massive, hard, fractured ._._. 191.6!
Covered Interval e ceemcccemmmeaaaee - 88.0!
Sandstone; mostly covered by small angular
talus blocks of brown sandstone aacceaccccaa 66.0!
Limestone, gray, weathers to yellow-tan,
massive, hard acmocccmcc e - 15.7!
Shale, gray to buff; mostly covered aceaea-o 31.6!
Siltstone, red, slightly calcareous, mas-
sive at bottom and top, thin bedded in
between, forms small cliff cocmcceccca 45.1?
Limestone, yellow=-tan, fine grained, thin
bedded t0 MASSIVE mccmmmccae e 10.0!
Dolomite, dark gray, weathers to light
gray; contains large bluish chert nodules .. 8.4!
Sandstone, light gray to white, weathers
buff to light gray, calcareous, shows faint

color banding cceccccmmcccmmcmcccc e ———— 6.5
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Dolomite, light gray, arenaceous, massive,

highly fractured, contains some chert

NOAULLES e e e e et o e o v e o e o e o 2 e e e e e e o 02 .61
Covered interval mmmme e e e 11.7¢
Bedded chert, gray=green ameececaceccccccceccee- 0.8

Limestone, dark gray-green, weathers gray,

hard, arenaceous, massive; interbedded

thin chert layers aameececacccccccccccccccecrne—- 6.0!
Limestone, gray; interbedded with chert lay-

ers 2 to 8" thick; chert is light to dark

grays; near btop chert disappears and concre-

tions are pPresSent mccecmcacccmc e 76.3!

Dolomite, light gray, abundant dark gray

Covered interval aamamamcmcmccccmccc e c—————— 8.4!

Sandstone, light gray, fine grained, cal-

careous near base, hard, massiﬁe; contains

calcite SPringers mmecacecamcccacmcccccccccan- 44 .5
Limestone, light gray, fine grained, hard,

masslive; contains large dark gray chert

NOAULES mccmmcmcmcmcccac e e —————————————— 71.61!
Dolomite, gray to buff, weathers light

gray; very fine gralned, sandy ecccamecccccacaa 5.0!

Total thicknesSs ecaceeea 802.1!
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The above section was measured by Brunton compass

by H. H. Krusekopf, R. Becker, and E. G. Lipp.

Triassic system

Dinwoody formation. The Dinwoody formation was

named by E. Blackwelder (1918, p. 425) for exposures in
the Canyon of Dinwoody Lakes in the Wind River Range,
Wyoming. Blackwelder considered it as the upper part
of D. D. Condit's (1916, p. 263) Embar formation of Per-
mo-Triassic age. According to Blackwelder, the limits
of the Dinwoody formation are defined by the Phosphoria
formation below and the bright red shales and siltstones
of the Chugwater formation above. N. D. Newell and B.
Kummel (1942, p. 941-947) found that the characteristic
red of the Chugwater formation is not a true stratig-
raphic plane, but crosses both lithologic and time lines.
Therefore, Newell and Kummel redefined the Dinwoody as
including only the lower silty portion of Blackwelder's
original Dinwoody. In the Tendoy Mountains, the Din-
woody fitted Newell's and Kummel's definition, and was

mapped accordingly.

The formation contains many pelecypods including
Claraia sp. The most characteristic fossil is the bra-

chiopod, Lingula borealis.




33,

32.

1.

0.

29.

28.
a7.

26.

25.
24.

23.

22.
21.
20.
19.

19

Dinwoody formation measured in W. %,
Sec. 26, T, 13 S., R. 10 W,

Limestone, gray, weathers reddish brown,
argillaceous, thin bedded, sandy eecccecemcucaa - 4.7
Covered interval caceccccccccacccaccccacc—caa 37 .41
Limestone, light gray, weathers dark gray,
hard, massive mecececccccmcccn e 4.7
Covered interval eececcecmaccmmccccmccccccca 2.0!
Liméstone, light gray, weathers dark gray,
argillaceous c-ccemmcccmccmmcce e ccc———— e 1.0!
Covered interval eccaccecmcmcacaccccnaccccanaaa 14.0!
Limestone, light gray, weathers dark gray,
hard, dense ccccamcccccrmcamcrccmcc e ccce e 2.0!

Covered interval; includes a thin limestone

bed in the Mmiddle eecccaccmcccccccccrcmr e a——— 9.3
Limestone eccececcmecmeccecccccccc e e ——————— 1.0
Covered interval —ecceecececcaccmmccomemeca—= 4,71

Limestone, gray, weathers buff; argillaceous,

thin bedded wcmccccccammccccnccrcccccc e 6.0!
Covered interval m~ecececccmccccecmcecccecnacne—- 18.71!
Limestone, gray, weathers dark gray, massive-- 1l.0!
Covered interval eceececccccceccacecnconcem——- 14.0!
Limestone, gray, weathers reddish, thin

bedded ceammmcacmccccccc e cmcc e mm———————— - 6.0



18.

17.

16.
15.

14.
13.

12.

11.

10.

9.

8.

20

Covered interval; includes 3' bed of shaly |
1imestone mmcc e e c———— - 14.8!
ILimestone, weathers chocolate brown, cal-

careous, fossilliferous, thin bedded; con-

tains shale partings; forms a prominent

Limestone, gray-brown, weathers to

chocolate brown, interbedded with shale

partings; forms a 1edge mececcccaccccccccace—a 631
Covered interval maemecccmcmcccee e - 23,41
Limestone, gray-brown, weathers chocolate

brown; interbedded with shale partings;

forms o 10dge mevcmmccccccacccmcmmcccc e a———— 0.,31
Covered Interval cemacccccccccccaccccmccecam - 59.8!
Limestone, weathers chocolate brown,

argillaceous mecccmmcccmccaa- = e o o e o e 2 2.0!
Covered interval amcmccccmccaccccmcec e ———— 6.0!
Iimestone, weathers chocolate brown,

arglllaCeous mecmecccecmccmcc—cc e ———————————— - 3.0!
Shale, mostly covered mucmmmcccaccmcacaacaaa 7.0
Limestone; two thin white limestone layers
separated by a shale parting; shale weathers

Teddish DIrOWN mmccmccccer e ccc e — e ——————— 2.0!
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5., Limestone, light colored, weathers reddish

brown; thin bedded with shale partings e—-a-- 4.0!
4. Shale, reddish brown, weathers chocolate

brown; thin bedded ammccmcmcc e 44,11
3. Covered interval caemmmccacacm i crcccreee e 10.0!

2. Limestone, weathers reddish brown; thin

bedded, calcareous; forms a ledge ecamamcacc-a 5.0!
1. Shale, dark brown, largely covered eeceaemceo- 153.71
Total thickness aeeccaao 553,01

The above section was measured by Brunton compass

by E. G. Lipp and R. Becker.

Woodside formation. The Woodside formation was

named by Boutwell (1907, p. 446) for exposures in Wood-
side Gulch in the Park City District, Utah. It has been
identified as far north as the Snake River and Teton
Ranges of Idaho and Wyoming and in the Dillon and Melrose
areas to the north in Montana. In the Montana usage, the
lower tan beds here called the Dinwoody formation and the
overlying limestone beds, here called the Thaynes forma-
tion, have been included in the Woodside. As a result of
work in southwestern Montana by the writer and several
assoclates 1n nearby areas in 1947, the three lithologilc
units were found to be distinct and similar lithologically
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to the formations south of the Snake River Plain and
therefore it was decided to use the southern formational

names provisionally, pending paleontological studies.

Woodside formation measured in W. 3, Sec. 26,
T. 12 S., R. 10 W.

19. Covered Iinterval mecamccccccccccccaccrcacrane= 18,.7!

18. Shale, brown, weathers dark brown; sandy,

calcareous, thin bedded eeceecmcccmccccacncaa 2.5
17. Covered interval; dark brown 801l caccemacoaoa 107 .4!
16, Covered interval; red SOll cammcccccmmcacaaa 65.41

15. Sandstone, light gray, arenaceous, thin

bedded ---; ................................. 1.5
14. Covered interval ecemcecceccccccccccccccmm——= 7.91
13. Sandstone, gray to buff, weathers light gray;

fine grained, calcareous, thin bedded w-wea- 6.0
12. Covered interval mcaceccrcccaccmccmcacnceaa 7.0!
11. Sandstone, gray, weathers light gray; fine

grained, thin bedded -cecccmcrcacaccacccaaaa 2.0!
10. Covered interval cecccmcccccccmmccnccmmcncaea 5.5
9. Sandstone, light gray, weathers to gray

buff; well indurated, massive atl base,

thin bedded near toOp -—cecccccccccmcceccecana- 36.0!

8. Covered interval —ceecccececccrcnmccrccccncen= 4.7
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7. Sandstone, light gray, weathers brownish red

and gray; well indurated, thin bedded to

MASSIVEO e mccm e ——————— 9.3!
6. Sandstone, light gray; friable, thin bedded. 23.4!
5. Covered interval . cocccce e ccccccce————— 10.6!
4. Limestone, light gray, weathers to brownish

red in places, dark gray patches in places;

very sandy, very thin bedded accccccmcoeeceea 14.0!
3. Covered interval aooeccceccecceccccccc————— 11,7
2. Limestone, gray, weathers grayish buff;

arenaceous, thin bedded at base, massive

at top; forms a prominent 164ge acemmccmeeoa- 9.3!
1. Covered Interval aomeceicccccccccc—cce——— 11.0!
Total thicknessSo oo oo ooo. 363.9!

The above section was measured by Brunton compass

. by E. G. Lipp and R. Becker.

Thaynes formation. Boutwell (1907, p. 448-452)

named the Thaynes formation for exposures in Thaynes
Canyon in the Park City District, Utah. In the Tendoy
Mountains, the sectlon recognized as the Thaynes con-
sists of a thick succession of light gray to buff, fine
grained, calcareous8 sandstones and finely crystalline

limestones. The limestones form prominent ledges
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throughout the area. Several of these beds contain nu-

merous columnals of Pentacrinus sp. These and other

fossils were identified by Dr. R. W. Imlay (field con-

ference commnication) as Triassic.

17.
16.

15.

14.
13.
12.
11.

10.

Thaynes formation measured in W. &, Sec. 26,
T. 13 S., R. 10 W.

Covered interval; sllty limestone with chert..84.4!
Limestone, light gray; finely crystalline,
pitted on weathered surfaces mmemcccccemccccaoa 4.5
Limestone, buff colored, silty, thin bedded;
contains some sandy layers; mostly covered .. 68.8!
Iimestone, gray to buff; finely crystalline;
largely COVered aamccccmccacccmcccccccmcam——— 50,61
Siltstone, tan, calcareousS, Cherty ccaccececcwea 22.9!
Limestone, dark gray, weathers to light

gray; massive, fine grained; pitted on
weathered surfaces -__-_-----; ............... 18.3!
Siltstone, light gray to buff; calcareous;

largely covered mcemeccemccceccccccmmcccnmcae—n=- 18.3!
Limestone, light gray; crystalline, thin
bedded cemccccccccccccccmccamccccccccce—————— 18.3!
Siltstone, tan; largely covered; abundant

chert in float mecaccccccccccccmmc e ———— 18.3!



8.

1.

Covered interval; gray limestone with chert
in flogt ===-=mmcccecrccconcccccnccrernn e
Limestone, buff to gray; massive, crys-
talline; forms a prominent 1ledge ecececaccccaa
Covered interval, calcareous tan silt-

stone and chert in float eccccecccmcccmmcacaa
Limestone, light gray to buff, some pink-
ish mottling, massive, éoarsely crystal-
line; forms a prominent ledge capping a

ridge; contains abundant Pentacrinus sp.

ColuMMAlS cecccmccccccccccrmr e ——
Covered interval amacmecamccmcccccccmcacccanas
Limestone, gray-brown, weathers gray,

thick to thin bedded; forms a ledge cmaceca
Covered interval aeamcemcccmcccccmccccccaan
Limestone, gray brown, weathers to choco-

late brown; thick to thin bedded; very

Total thickness aececeeao

25

15.0!
314.2¢

32,7t
26.8"

The above section was measured by Brunton compass

by S. R. Wallace, H. H. Krusekopf, E. G. Lipp, and R.

Becker,
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Jurassic system

/(//)

i &
Sawtooth formation. The Ellis ébrmatioﬁ}consists,

from top to bottom, of the Sawtooth, the Rierdon, and
the Swift formations (Cobban, 1945, p. 1264). The pres-
ence of the Swift formation in the Tendoy Mountains is
doubtful, but the two lower formations were identified
by Dr. R. W. Imlay on the occasion of a field conference

in July, 194%7.

The Sawtooth formation was named by W. A. Cobban
(1945, p. 1274-1276) for exposures in Rierdon Gulch in
the Sawtooth Range, Montana. The total thickness of the
formation in the Tendoy Mountains is unknown as the top
of the>measured section was covered by Tertiary volcan-
ics. The most conspicuous unit is a dark tan, white
mottled, friable siltstone.

Sawtooth formation measured in 8. %, Sec. 22,
T. 13 S., R. 10 W.
3. Shale, light gray to buff, slabby and thin
bedded, calcareous; not top of formation 7 . 105.5!

2. Siltstone, buff, weathers with a speckled

appearance - White SPOtS meeccccccmc e 64.2!
1. Covered interval aaeecccccccmcccccc———— —--- BZ2.6!
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The above section was measured by Brunton compass

by S. R. Wallace and H. H. Krusekopf.

Rierdon formation. The Rierdon formation was named

by W. A. Cobban (1945, p. 1277-1280} for exposures in
Rierdon Gulch in the Sawtooth Mountains, Montana. In
the Tendoy Mountains, it consists of interbedded cal=-

careous shales and oolitic limestones and is 116 feet

thick.

Rierdon formation measured in W. %, Sec. 10,
T. 13 S., R. 10 W.

4. Covered Interval maacmeeccomcccccececccccc—— 78.0!
3. Oolitic limestone, gray to buff, massive -.. 10.0!
2. Shale, light brown, calcareous acaeemeccceccaw 20.0!

1. Oolitic limestone, gray to buff, massive ... 8.0!
Total thickness ammcceeo 116.0!

The above section was measured by Brunton compass

by 8. R. Wallace and H. H. Krusekopf.
Cretaceous system

Kootenal formation. The Kootenai formation of Lower

Cretaceous age, was named by C. A. Fisher (1909, p. 28=35)

for exposures near Great Falls, Montana. In the Tendoy
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Mountains it consists of a'thick series of variegated
red, yellow, and purple silby shales interbedded with
"salt and pepper' sandstones and limestones. A gas-
tropod limestone is a prominent marker bed in the lower

part of the formation.

' The basal unit of the measured section is 260 feet
of gray shales underlying the lowest "salt and pep?er"
unit. These shales are poorly exposed and ére here
placed in‘the Kootenal formation, although they may be-
long to either the Morrison or Swift formations. Over
2,200 feet of Kootenal were measured but the upper part
of the sectlon was covered by the Tendoy thrust sheet
and the total thickness is unknown.

Kootenai formation measured in E. %, Sec. 9,

T« 13 S., R. 10 W.

Above bed 35 the section is covered by the Madison lime-
stone of the Tendoy thrust sheet.

35. Covered interval ceaammmmcccmcccccccccecaaaa 250.0"
34. Sandstone; salt and pepper, massive; some

beds contain subangular tobrounded pebbles

of black and brown cheért aaocecamacccaa__-o 26.0!

33. Covered Iinterval amceccceccccccccccccec - 26.0!



32.

31.
30.
29.
28.
27.
26.
29.
24.

23.
22.
21.
20.

19.
18.
17.
16.
15.

14.

Sandstone, rusty brown, very well indurated,

salt and pepper e e e —————
Covered interval amauecccmmcceecccccmcccnce——
Sandstone, salt and pepper, massive cemcaao-a
Shale, reddish aao... e o o o e

Sandstone, fine grained, salt and peppér e--
Shale, brownish red cacemamccccccccccecaae-
Sandstone, salt and PepPPOr acecmmcmccccccaaa
Shale, DTOWNLISh T6A wececemcccc e ——————————
Sandstone, salt and pepper, interbedded
with several beds of dark brown weathering
calcareous sSandstones emeceecccocmmcccccccncaa
Shale, variegated, red, brown, and purple ..
Sandstone, salt and PEPPEr acmummccccacccan-
Shale, red cacmmcmcccccmrcccccc e e cccc———-
Limestone, gray, weathers to dark

brown, a4renacCeous eececececceccccccccccccccca——=~
Sandstone, salt and pepper amcwe-- ——————————
Shale, Yed mecccncmcceccc e e e ———
Sandstone, salt and pPeEPPEr ewecccccccacccaaoa
Shale, red cemcccccccacececcccccceccccr e ————
Shale, purple-gray; includes a two foot

bed of reddish brown arenaceous limestonée e

29

10.0!
31.0!
5.0!

35.0!

2.0!
28.0!
21.0°

5.0!
25.0!



13.

12.

11.
10.

8.

6.

S.
4.

3.

30

Sandstone, gray to reddish gray; includes

some interbedded sandy limestones macaccceaa 26.0!
Sandstone, salt and pPepPPer cccemccmccccacaaa 5.0!
Shale, Y60 memmccccacccmccccccccccran—c————— 10,0!

Sandstone, medium grained, salt and pepper,

thin bedded, weathers into slabby blocks ... 36.0!
Shale, alternating red and brown aaaocceaaao 73.0!
Covered interval; includes a dark gray

gastropod limestone and some gray shales

not seen in measured 86CtiON acccmcmcccacaaa 702.0!
Shale, Y4 mcucecccrocacecccccccmnccc— e ——— 21.0¢
Sandstone, light brown to gray, medium

grained, friable; toward top coarser sand-

stone, salt and pepper with pebbles of

black chert; thin bedded caccacccccccacacaca 36,0!
Shale, variegated red, purple, and brown ... 42.0!
Shale, light gray, hard, sandy cecceceacecacaao 52.0!
Shale, red, calcareous; contains gastro=-

LIBRS 2 oo ommm e oo e oo e e 109.01
Sandstone, salt and pepper with small

limonite concretions, MmasSive memcccccccemew 70.01!
Shale, dark colored; poorly exposed =-- Pos-

sible Morrison or Swift formations ? eceeeaa- 260.0!

Measured thiclkness ww. 2,201.0!
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The above section was measured by Brunton compass

by S. R. Wallace and H. H. Krusekopf.

Tertiary system

Red Rock conglomerate. A coarse, generally red

conglomerate crops out in numerous places north, south,
east, and west of Lima, especilally in the Red Rock
River valley and Red Rock Peak. It has been decided to
call this tentatively the Red Rock conglomerate, but the
most appropriate name must await more extensive mapping
(A. J. Eardley, personal'communication}. The formation
consists principally of sub-rounded pebbles and cobbles
of the more resistant Paleozoic and Mesozoic limestones.
Some well rounded cobbles and boulders of the Flathead,
Kinnikinic and possibly of the Beltian quartzites are
present. The matrix is calcareous sand and the cemen-
ting material contains some iron and weathers reddish.
The exact thickness is unkmown but it is estimated by

A. J. Eardley (personal communication) to be about 2,000
feet thick in the Lima anticline. No fossils have yet
been found in the beds and, therefore, its age can only
be guessed. It post-dates the first major Laramide
movements and is itself folded and faulted by later La-
ramide movements. It is therefore tentatively consid-

ered Paleocene in age.
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Muddy Creek Basin beds. Muddy Creek Basin is filled

by an unknown thickness of Tertiary rocks. The basal
part of the sectlon exposed consists of rhyolite flows
overlain by a considerable thickness of light colored
-acid tuffs. Overlylng these extrusives is a thick suc-
cession of poorly consolidated freshwater mudstones,
siltstones, and limestones, interbedded with numerous
thin bentonite beds. Gypsum fragments are common near
the bentonite layers. Plant remains are locally abun-
dant, but the poorly preserved specimens collected are
undiagnostic (Dr. C. He. Arnold, University of Michigan}.
Beds of similar lithology are found in Nicholia Basin to
the west, but there the successlion includes some sand-

stones and conglomeratic beds.

Tertiary volcanics. Two small but significant pat-

ches of Tertiary volcanics lie on the upthrown horst
block to the east of Muddy Creek Basin. The southernmost
of these two patches consists of poorlynexposed beds of
water laid tuffs overlalin by basalts. The other patch is
a group of spatter cones made up of basaltic breccia.
See. plate 2. These cones have been considerably modi-
fied by erosion but some of them still retain enough of
their original shape to form closed drainage basins con-

taining small lakes. The close spatial relationship
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of the two exposures suggests that the basaltic flows are
assoclated with the breccia. The preservation of the
form of the cones indicates that they are no older than

late Pllocene and may even be Quaternary in age.

Quaternary system

A mantle of Quaternary alluvium of unknown thickness
covers the floor of the Red Rock Basin.l Alluvium is al-
so found along the major drainage lines within the area,
Two small landslides were recognized but these are old
enough to be covered with vegetation. The smaller of
these occuples a tributary valley on the south side of
Little Water Canyon. The other one is just to the west

of the group of spatter cones.
Environment of deposition

The thickness of the Paleozoic and Mesozoic se-
quence in the Tendoy Mountains is of geosynclinal propor-
tions. Frederick S. Honkala, graduate student of the
University of Michigan, mapped an area to the east of the

Tendoy Mountains, including parts of the Snowcrest Range,

1. The term "Red Rock Basin" is here applied to that
part of the valley of the Red Rock River lying between
the Tendoy Mountains to the west and the Red Rock
Mountains to the east.
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the Gravelly Range, the Centennial Valley, and the Cen-
tennial Range, and found that the same formations in his
area were considerably thinner (personal communication).
Apparently, the Paleozoic and Mesozoic formations found
in Honkala's area represent deposition in the marginal
or shelf zone whereas those in the Tendoy Mountains rep-
resent deposition generally in the deepening geosynclinal
zone. The thicknesses indicated in Table 1 seem large,
but they are not out of order with the thicknesses given
by C. P. Ross (1934, p. 940) and V. R. D, Kirkham (1927,
p. 16-23) who have measured sections to the south and

west of the Tendoy Mountains in Idaho.
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STRUCTURE
Reglonal features

The structural features of the region indicate two
ma jor periods of crustal movementi- Laramide and Mid-
Tertiary. The Laramide structures are a series of great
thrust sheets and associated folds, roughly parallel and
trending generally northwestward. In Mid-Tertiary time
a series of high angle normal faults, approximately par-
allel to the Laramide structures produced a horst and
graben topography, and are partially responsible for the
Muddy Creek Basin, the Tendoy Mountains, the Lemhi Bas-
in, and the Red Rock Basin.

The Tendoy Mountains lie near the eastern margin
of the Laramide thrust zone in this region. V. R. D.
Kirkham (1927, p. 26-29) has mapped four major thrusts
to the south in Idaho, and the Tendoy Mountains are ap-
proximately in line with the northward extension of the
eéstern edge of this zone. Another well defined thrust
zone further to the east along the Rocky Mountain Front
has been described by A. Bevan (1929, p. 427-456). Bet-
ween these two well defined thrust zones 1s an area of
ill-defined, but simpler features. The major topograph-

lec features of the area (Snowcrest Range, CGravelly
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Range, Ruby Range, Tobacco Root Range, and Centennial
Valley) exhibit diverse orientation and enough field work

has not yet been done to define a structural pattern.

Laramide structures of the Tendoy Mountains

Folds. The part of the Tendoy Mountains mapped con-
sists of a thick series of Paleozoic and Mesozoic sedim-
ents dipping from 20 to 30 degrees to the west. See geo=
logic map, plate 9. These beds may represent the west
flank of a north-south trending anticline asymmetrical
to the east, but this cannot be determined from field
evidence as the entire east limb of the structure is mis-~
ging. The absence of the east limb‘is due to the drop-
ping of the eastern block along the Red Rock fault (see
page 41), and subsequent burlal by later sediments.
Crumpling of the Madison limestone near the mouth of
Sheep Creek Canyon suggests that the Tendoy Mountains
themselves may be a thrust sheet. See page 40. In this

case, the east limb of the broken anticline would 1lie

beneath the surface somewhere to the weste.

Near the north end of the area the succession of
westward dipping sediments 1s disturbed by a cross fold,
the Little Water syncline. See plate 3. This syncline

is both a structural and topographic depression and is
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named from Little Water Canyon which is eroded in the
northeast end of the structure. The syncline trends
northeast - southwest and is asymmetrical to the south-
east. It pitches to the southwest and flares open as
both limbs swing around to the general north - south
trend. A small reversal of dip in the Cretaceous rocks
on the southeast limb is imposed on the main synclinal
dip. To the northwest, the dips steepen and the syn-
cline pinches together and is broken by two small faults.
Along both faults, the northwestern block has moved up-
ward bringing the Dinwoody formation against the Thaynes
formation. Toward the southwest these faults die out
along bedding planes. The northeastern end of the syn-

cline is truncated vertically by the Red Rock Fault.

Thrusts. Detailed mapping definitely established
the presence of two thrusts in the area and gives some
indication that a third thrust may be present. The most
evident of these 1s the Tendoy thrust, so named for its
exposure along the southwest flank of the Tendoy Moun-
tains. The front of the thrust sheet consists entirely
of Mississippian Madison limestone which has overridden
formations varying in age from the Pennsylvanian Quad-
rant quartzite to the Lower Cretaceous Kootenal for-

mation. The trace of the thrust plane 1s not exposed
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but its position can be closely located by the stratig-
raphy. Two masses of the thrust sheet composed of Madi-
son limestone were mapped. See plate 9. At the south
end of the area near the junction of Muddy Creek and
Sheep Creek, a small klippe of Madison limestone rests
on the Quadrant quartzite, and the Phosphoria and Din-
woody formations. The second mass is much larger and
extends from the north end of the area southeast along
the northwest side of Muddy Creek Basin for approximate-
ly three miles. Here the Madison limestone generally
rests on the Kootenal formation of Lower Cretaceous age.
At one place Madison limestone has overridden the Thaynes
formation of Triassic age which was thrust over the Koo-
tenai formation by an earlier thrust. See cross-section

A-A', plate 10.

The southwestern edge of the larger mass marks the
approximate position of the Muddy Creek fault (see page
41}, which has broken the thrust planes The thrust
plane passes westward beneath the Tertlary sediments of
Muddy Creek Basin. The thrust sheet (Madison limestone)
but not the thrust plane is brought to the surface again
on the southwest side of Muddy Creek Basin by two faults
which bound that side of the basin. 8ee cross-section

A-A', plate 10, and plate 4.
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The Tendoy thrust was traced in the adjacent area
on the south by Robert Becker and Edward Lipp (personal
comminicatlon), graduate students of the University of
Michigan. On the basis of a hasty reconnaissance in the
vieinity of Medicine Lodge Pass, still further south,
Robert Scholten, graduate student of the University of
Michigan, believes a thrust to be present (personal com-
munication). This presumably will tie in with the Medi-
cine Lodge thrust described by V. R. D. Kirkham (1927,

P. 26} on the Idaho side of the line.

Dr. A. J. Eardley (personal communication} mapped
a thrust along the northwest end of the Lima anticline
southeast of Lima. This may be part of the Tendoy
thrust or the Medicine Lodge thrust. Further work will
be necessary to determine the true relation between the

Tendoy thrust and the Medicine Lodge thrust.

The other thrust noted in the area has brought the
Thaynes formation over the Kootenai formation. The di-
rection of thrusting was approximately the same as that
of the Tendoy thrust; i.e., to the eastward. This
thrusting preceded the Tendoy thrust, and the Tendoy
thrust has overridden the earlier thrust and covered it
in all but two places. The first of these is an elongate

patch of the Thaynes formation that occupies a reentrant
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in the front of the Tep%oy thrust sheet. Approximately
a quarter of a mile éggf of here, a small patch of the

Thaynes formation rests on the Kootenai formation. This
is a klippe formed by the erosion of the earlier thrust

sheet.

There is some indication that another thrust may
be present in the area. Near the eastern end of Sheep
Creek Canyon, the Madison limestone crops out in normal
sequence. Only the upper part of the Madison limestone
is exposed; the lower part of the limestone is covered
by the Red Rock conglomerate. Where the Madison lime-
stone is exposed, it is highly contorted into a series
of tight and broken folds overturned to the east. See
plate 5. This type of folding is similar to that ob-
served in the Madison limestone in the Tendoy thrust
sheet. The thrust if present lies below the surface in
the area mapped and is covered by the Red Rock conglom-
erate. TFurther field work in adjacent areas may or may

not definitely establish its presence.
Mid-Tertiary structures

High angle faults. Four high angle faults were

mapped in the area. These faults are roughly parallel

and strike northwest - southeast. Movement along these
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faults in Mid-Tertiary time broke the surface into a se-
ries of horsts and grabens. Continued movement and dif-
ferential erosion have outlined the major topographic
features of the area. The Tendoy Mountains are a horst
block bounded on both sides by high angle faults. Muddy
Creek Basin to the west of the Tendoy Mountains is a

corresponding graben.

The northeast front of the Tendoy Mountains is
marked by the Red Rock fault. ©See plate 6. The upthrown
block is to the southwest and forms the steep mountain
front. The fault cuts the Laramide structures composed
of Mississippian, Pennsylvanian, Permian, Triassic, and
Paleocene formations. The downthrown block is covered
with a veneer of unknown thickness of Quaternary alluvium
and the exact displacement is unknown. The throw is es-
timated to be at least 1,000 feet. Well defined trian-
gular facets and a small fault scarp cutting the alluvium

indicate recent movement along the fault.

The upthrown block described above 1s a horst. It
is bounded on the southwest by a second high angle fault.
This is the Muddy Creek fault which forms the northeast
side of Muddy Creek Basin. The fault cuts the Laramide

thrusts and the thrust planes pass to the westward be-
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low the Tertiary fill of Muddy Creek Basin. See cross-
section A-A', plate 10. The displacement is unknown.

The soubthwest side of the Muddy Creek graben is
bounded by two high angle faults. In both cases, the
upthrown block is to the southwest. Both faults have
brought the Tendoy thrust sheet (Madison limestone) to
the surface. See plate 9 and plate 4. The displacement

along these faults is unknown.
Age relationships

Thrusts. The structure and the stratigraphy in-
dicate two periods of thrusting. The Thaynes formation
forms the sole of the first thrust sheet. Where this
thrust is exposed, the Thaynes formation has overridden

the Kootenai formation.

The second thrust brought the Madison limestone over
beds ranging in age from the Pennsylvanian (Quadrant
quartzite) to the Lower Cretaceous (Kootenal formation).
This is the Tendoy thrust. It has overridden the earli-

er thrust and covers it in all but two places in the area.

The relationship described above makes it difficult
to determine the exact age of these two thrusts. No

clastics are known to have formed as a result of the
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first thrust and the thrust itself is largely obscured.
The Tendoy thrust may have supplied the soﬁrce material

of the Red Rock conglomerate.

The close spatial relation of the two thrusts sug-
gests that they are closely related in age. Thelr re-
lation to the Red Rock conglomerate is of critical im-

portance.

Red Rock conglomerate. No fossils have been found

in the Red Rock conglomerate and its exact age is un-
known. Its lithology indicates that it is a product of
a Laramide highland to the west. East of Dell it is
overlain unconformably by the Sage Creek formation (E.
Douglass, 1903, p. 145-146) of upper Eocene age. These
two features suggest that the Red Rock conglomerate is

lower Eocene or Paleocense in age.

The conglomerate alone reveals two‘phases of defor-
mation. It rests unconformably on the early Laramide
folds and therefore post-dates one period of folding.
The conglomerate itself was deformed by a later period
of Laramide folding. To which of these phases of de-
formation the Tendoy thrust belongs is not yet clear.
The Tendoy thrust cuts the early Laramide folds and is

therefore later than the early Laramide folding. However,
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the thrusting may have been closely associated with this
period of deformation. In the Lima anticline, the Red
Rock conglomerate is involved in the thrusting (A. J.
Eardley, personal communication). Further field work is
needed to establish the relation of this thrust to the
Tendoy thrust. If these two thrusts tie together, then
the Tendoy thrust is later than the conglomerate. On
the other hand if these two thrusts do not connect the
relation of the Tendoy thrust to the Red Rock conglomer-

ate will still be unknown.

Muddy Creek Basin beds. The Muddy Creek Basin beds

are placed in the Miocene. The Sage Creek formation
which is exposed just east of Dell is upper Eocene in
age and it has been suggested that 1t correlates with
the Muddy Creek Basin beds. One afternoon was spent
examining the Sage Creek formation. It was fopnd to con-
sist of a series of interbedded conglomerates, sand-
stones, and siltstones. Some rhyolite flows were noted
but no bentonite beds were found. Fragmental verteb-
rate remains were numerous but plant remains were ab-
sent. The predominant colors were llight gray and vari-
ous shades of red. On the other hand, the Tertiary beds
of Muddy Creek Basin are generally flner grained and the

predominant colors are dull grays and browns. Plant
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remains were abundant but no vertebrate remains were
found. Lithologically, therefore, the two deposits are
not very similar. J. B. Umpleby (1913, p. 38) assigns
the Tertiary basin beds of Montana to the Miocene and
notes'that they are lake beds with rhyolite at the base.
J. T. Pardee (1911, p. 233) states that the Tertiary
basin beds consist of tuffs, clays, sands, paper shales,
and impure limestones with rhyolite flows at the base of
the succession. He places these beds 1in the Miocene.
But in view of the complexity of the numerous basin beds
in Montana, theée references and age assignments have
little application to the Muddy Creek Basin beds. Bones
of middle or late Miocene age were found in the Ruby Re-
servolr area and the deposits in which they occurred are
similar to the Muddy Creek Basin beds (A. J. Eardley,

personal communication).

High angle faults. Plate 6 illustrates recent

movement along the Red Rock fault. Similar movements
have probably taken place along the other high angle
faults. FiXing the time when these faults came into
existence is a little more difficult. All that can be
said definitely is that considerable movement has taken
place since the depositlon of the Muddy Creek Basin beds.

The basin beds have a fairly uniform dip of approximately
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20 degrees to the east. The beds dip away from the
faults on the southwest side of the basin and into the
fault on the northeast side of the basin and since they
are fine grained l;yered deposits, they have not accumu-
lated against a fault scarp. Since the deposition of
the basin beds, the movement along the Muddy Creek fault
has been considerably greater than that along the two
faults that bound the southwestern side of the basin.

It 1s possible that some faulting occurred before the
deposition of the basin beds, but 1t is not indicated by

the field evidence.
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Following the deposition of the Red Rock conglomer-
ate and its deformation, a cycle of erosion resulted in
valleys, evidently broad, and as far as known, deposits
of upper Eocene, Oligocene, and Miocene accumulated suc-
cessively. These basins have been attributed to fault-
ing and warping as well as erosion, but not enough is
known to date to consider this subject further with

profit.

The exposed Tertiary fill in Muddy Creek Basin ac-
cumilated before faulting. The similar lithology of the
basin beds of Nicholia Basin to the west suggests that

the two basins were once continuous. See plate 7, 1.

Underlying the lake beds are tuffs and flows, and
this relation suggests that volcanism may have played a
part in forming the basins. The extrusive rocks may have
formed barriers which blocked the drainage and ponded the

streams.

Following block faulting, erosion stripped the soft
sediments from the uplifted blocks. See plates 7, 2 and
7, 3. Two small patches of Tertiary volcanics are pres-
ent on the upthrown block that forms the Tendoy Mountains.

One of these exposes a water laid tuff containing water



Plate 7

v 4 e Y ———T

*- ﬁq.fl’ll ’ b‘l"dl“ N I N ) L S
R Tl w et e el %

1 e T ettt SO0 S S S S NS S

Tendoy thrus!

Laramide complex

—-——

1) Miocene — accumulation of extrusives and fine clastics in broad basins.

2) Late Miocene — block faulting.

3) Late Pliocene~ basin beds have been eroded from horst blocks; extensive
pediments developed.

Beaverhead Mfts.

Tendoy Mts.
Nicholia Basin Muddy Creek Basin

4) Present-differential erosion; development of fault line scarps.

Diagramatic sketches showing four stages in the development of the Mid-Tertiary
deposits of Muddy Creek Basin and Nicholia Basin.



48

worn pebbles overlain by basalt. The tuff is similar to
those found in the Muddy Creek Basin beds. This appar-
ently represents an uneroded remnant of the basin beds
that was covered by later basalt flows before the strip-
ping of the basin beds from the upthrown block was com~
pleted. The basalt flows seem to have originated from
the nearby cones. Some of these cones still have inter-
nal drainage. No basin beds were found in these cones.

Therefore, they must post-date the basin beds.

The dating of erosion surfaces in the Northern
Rocky Mountains and the relation of these surfaces to the
Tertiary basins of Montana has been a controversial issue
for some time. Various hypotheses with conflicting evi-
dence are presented by W. W. Atwood (1916, p. 698-732),
J. T. Pardee (1911, p. 229-244)}, J. B. Umpleby (1913, p.
21-30), V. R. D. Kirkham (1927, p. 11-13), E. Blackwel-
der (1912, p. 410-414), and J. L. Rich (1918, p. 89-90}.

No attempt is made to evaluate these different hypotheses.

The southwestern half of the horst block that forms
the Tendoy Mountains is largely mantled by a heterogene--
ous float consisting of subrounded to rounded scattered
fragments of the more resistant Paleozoic and Mesozoic
formations. It 1s not known if similar gravels are pres-

ent on the surface of the horst block that lies to the
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southwest of Muddy Creek Basin, but the surface of this
block is nearly level and at approximately the same el-
evation as the highblevel gravels of the Tendoy block.
These two features indicate the presence of a pediment.
Evidently, erosion of the Mid-Tertiary block mountains
continued through the Pliocene and by the end of Plio-
cene time the area was much reduced in relief and wide-

spread pediments were developed.

Two dissected pediment surfaces developed on the
soft Tertiary fill in Muddy Creek Basin show two inter-
rupted cycles of erosion. The first of these cycles 1is
represented by long flat topped spurs that project to-
ward the center of the basin. See plate 8. The sur-
faces of these spurs slope gently toward Muddy Creek.

On the northwest side of the basin these surfaces trun-
cate the dipping basin beds. The lower pediment is much
less dissected and generally forms the floor 6f the
basin. This pediment is separated from the present flood

plain by a small scarp.

Walter Kupsch and Robert Scholten (personal commu-
nication) found an analogous situation in Nicholia Basin.
There, as in Muddy Creek Basin the vertical interval bet-

ween the flrst and second pediments is much greater than
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that between the second pediment and the present flood

plain.

The drainage of Sheep Creek across the fault blocks
is a problem of interest. The soft Cretaceous rocks of
the Little Water syncline should have offered an easier
course across the upthrown block than the hard Quadrant
and Madison formations through which Sheep Creek has cut
its present canyon. This suggests that the course of
Sheep Creek pre-dates the high angle faulting and that
Sheep Creek 1s an antecedent stream. The high level
gravels also suggest that Sheep Creek Canyon is the site
of an ancient drainage. The gravels lie on what is con-
sidered to be a late Pliocene pediment as far as can be
determined to date. The surface is somewhat lower than
the crest of the Tendoy Mountains which indicates that
Sheep Creek followed its present course during late Plio-
cene time and occupied a valley through the Téndoy Moun-
tains that existed before pedimentation. If no valley
existed at that time it seems certain that Sheep Creek
would have crossed the Tendoy Mountains through the Lit-
tle Water syncline. Thus, it seems that Sheép Creek
Canyon is the site of an ancient drainage and that Sheep
Creek existed in 1ts present position before block fault-
ing and held to its course across the Tendoy horst block
during the uplift.
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Kupsch and Scholten (personal communication) also
noted three stages of glaciation in the Beaverhead Moun-
tains. Except where Sheep Creek cuts through the Quad- |
rant quartzite, the valley is floored with Pleistocene
and recént alluvium derived from the outwash plains of

local glaciers in the Beaverhead Mountains.
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SUMMARY OF EVENTS

Late
Laramide folding and (?} thrusting.
Cretaceous
Early Erosion of the highlands and depo-
Paleocene sition of the Red Rock conglomerate.
Late Folding and thrusting (?)} of Red
Paleocene Rock conglomerate and older rocks.
Reduction of the reglon to a sur-
Upper
face of moderate relief; deposition
Eocene
of the Sage Creek formation.
Deformation of surface by warping
Oligocene and development of Tertiary basins
by warping and/or erosion.
Volcanism and filling of the
Miocene

Tertiary basins.

Late Miocene

Block faulting.

Pliocene

Pedimentation.

Late Pliocene

or Pleistocene

Local volcanism.

Pleistocene

and Recent

Development of present topography

by three partial cycles of erosion.




53

BIBLIOGRAPHY

Atwood, W. W., (1916) The Physiographic conditions at

Butte, Montana and Bingham Canyon, Utah when the

copper ores In these districts was enriched, Econ.

G'eo:lo’ VOl. ll, no. 8, po 698"752.

Bevan, A., (1929) Rocky Mountain Front in Montana,

Bullc G‘. So Ao, VOl. 4:0’ Po 42‘7-4560

Blackwelder, E., (1912) The old erosion surface in

Idaho, a Criticism. Jour. Geol., vol. 20, p. 410~
414.

Blackwelder, E. (1918) New geological formations in

western Wyoming. Wash. Acad. Sci. Jour., vol. 8,

p . 417_426 .

Boutweli%fJ. M. (1907) Stratigraphy and structure of

the Park City Mining District, Utah. Jour. Geol.

vol. 15, pp. 434-458.

Branson, C. C. (1935) (Carboniferous stratigraphy of

Wyoming. Geol. Soc. Am. Proc. 1935, pp. 391-392.

Cobban, W. A. (1945) Marine Jurassic formations of

Sweetgrass Arch, Montana. Bull. A.A.P.G., vol. 29,

no. 9, p. 1262-1303.



- 54

Condit, D. D. (1916} Relations of the Embar and Chug-

water formations in central Wyoming. U.S.G.S. P.P.

98, p . 265"270Q

Condit, D. D. (1918) Relations of late Paleozoic and

early Mesozoic formations of southwestern Montana

and adjacent parts of Wyoming. U.S.G.S. P.P. 120-F,

p. 110-206.

Darton, N. H. (1904) Comparison of the stratigraphy

of the Black Hills, Bighorn Mountains, and Rocky

Mountains, Front Range, Bull. G. S. A. vol. 15,

p . 379-448 .

Douglass, E. (1903} ©New vertebrates from the Montana

Tertiary. Carnegie Museum Annals, vol. 2, p. 145-
149.

Fisher, C. A. (1909) Geology of the Great Falls Coal

Field, Montana. U.S.G.S. Bull. 356, 85 pages.

Kirkham, V. R. D. (1927) A Geologic reconnaissance of

Clark and Jefferson and parts of Butte, Custer,

Fremont, Lemhi, and Madison Counties, Idaho. Idaho

Bur. of Mines & Geol., Pamphlet 19, 47 pages.

Kummel, B. (1942) See Newell, N. D.
Mansfield, G. P. (1912) See Richards, R. W.



586

Newell, N. D. and Kummel, B. (1942) Lower Eo-Triassic

stratigraphy, western Wyoming and southeastern Idaho.
Bullo G’o So Ao’ VO]-Q 55, po 95’7"‘996.

Pardee, J. T. (1911) Coal in the Tertiary lake beds of

southwestern Montana. U.S.G.S. Bull. 531, p. 229=-

244.

Peale, A. C. (1893) The Paleozoic section in the vici-

nity of Three Forks, Montana. U.S.G.S. Bull. 110,

po 1"‘560

Rich, J. L. (1918) Dating of peneplain: an o0ld erosion

surface in Idaho, Montana, and Washington. — Is it

Eocene? Abstract, Bull. G. S. A., vol. 29, p. 89-20.

Richards, R. W. and Mansfield, G. P. (1912) The Bannock

overthrust; a major overthrust in southeastern Idaho

and northeastern Utah. Jour. Geol., vol. 20, pe.

681-709,

Ross, C. P. (1934) Correlation and Interpretation of

Paleozoic stratigraphy in south central Idaho. Bull.

G’o SA Ao, VOlo 45’ par‘b 2’ Octo, po 937-10000

Scott, H. W. (1935) Some Carboniferous stratigraphy in

Montana and northwestern Wyoming. Jour. Geol., vol.

43, no. 8, p. 1011-1032.



56

Umpleby, J. B. (1913) Geology and ore deposits of Lemhi

County, Idaho. U.S.G.S. Bull. 528, 182 pages.

Weed, W. Ho (1896) Yellowstone National Park; sedimen-

tary rocks. U.S.G.S. Geol. Atlas, Yellowstone Nat.

Park folio no. 30.



UNIVERSITY OF MICHIGAN

IMAIRITRAN

3 9015 00327 2948









UNIERD







