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ABSTRACT

This report describes the geology of a portion of

the Tendoy Range west of Dell, Montana. The region is

in the Northern Rocky Mountain physiographic province

and is characterized by steep sided valleys but flat or

gently sloping mountain summits. Strata from Mississip-

pian through the Recent are exposed in the area, but

older strata are found a few miles west of the Tendoy

Range. The Tertiary is represented by the Paleocene

Red Rock conglomerate and the Miocene Muddy Greek basin

beds. Volcanic activity in late Pliocene or early

Pleistocene produced a breccia that covers a small area

on the west side of the mountains.

Laramide folding produced the major structural

features of the Tendoy Range. The Paleozoic and Meso-

zoic strata were tilted to the west and overridden on

the western margin by the Tendoy thrust. In Miocene

time the mass was cut by three normal faults, sharply

dividing the basins and ranges. Subsequent erosion has

produced the mountain range and valleys of the present.

4 1-
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INTRODUCTION

Location of the area

The Tendoy Range trends slightly west of north

through the center of Beaverhead County, Montana. The

arena to be described lies in part of this range west of

Dell, Montana. The Red Rock River valley lies on the

east and the Muddy Creek basin on the west side of the

area. The south side is bounded by Sheep Creek, which

flows northeast across the range at right angles to the

structural trends. A line across the range about six

miles north of Sheep Creek delineates the northern ex-

tension of the area. See plate 1.

The area is reached by U.S. Highway 91 and the Ore-

gon Short Line railroad, both routes extending north and

south past the village of Dell. County roads along Sheep

Creek and Muddy Creek allow easy access to any part of

the area.

Purpose of study

The purpose of the study is to decipher the geology

of the Tendoy Range. A secondary purpose in the study

was to determine if Laramide structural trends already

known in northwestern Wyoming and northeastern Idaho
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could be identified in southwestern Montana. The present

study marks the first attempt to correlate the geologic

structures of the two areas across the broad Snake River

lava plains. The report is submitted as a thesis in

partial fulfillment of the requirements for the degree

of Master of Science at the University of Michigan.
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Bowen (1917, p. 315) in the Muddy Creek Basin. The
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shales were described but not mapped. This is the only

reference to work done in the Tendoy Range until 1946

when Perry and Sahinen (Blue-oprinted map personally fur-

nished) made a geologic reconnaissance map of a portion

of southwestern Montana. Winchell (1914), Shenon (1931)

and Corry (1933) have described ore deposits near Dil-

lon, Montana, 45 miles north of Dell. Pardee (1939, p.

354) mentions Tertiary faulting near Lima, Montana, 10

miles south of Dell. Outside of these general referen-

ces to the area no geologic work has been done in the

Tendoy Range. During the summer of 1947 two other map-

ping parties besides the author's were working in the

Tendoy Range or adjacent areas. Personal comrmunications

from these parties aided in the preparation of this

paper.
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STRATIGRAPHY

General outline

The rocks of the Tendoy Range consist mostly of

consolidated sedimentary rocks. No intrusive igneous

rocks are known in the area and extrusive igneous rocks

occupy only a small area in the west central part of the

mountains.

The sedimentary rocks range from Mississippyian to

Tertiary. Older rocks are exposed in the Beaverhead

Range about 15 miles west and southwest of the area map-

ped. Marine invertebrate fossils were found in the Ma-

dison, Amaden, Phosphoria, Dinwoody, Thaynes, and Saw-

tooth formations. Plant fragments are numerous in some

of the shales of the basin beds.

The sedimentary rocks of the region. were laid down

under progressively changing geographic conditions. The

Paloozoic rocks were deposited in a subsiding geosyn-

aline, the axis of which trended north-south and extended

from southwestern Montana southward into western Utah.

See Plate 2. This geosyneline started subsiding in early

Paleozoic time (Eardley, unpublished data), and reached

its greatest deepening in the Mississippian period when

around 10,000 feet of strata were deposited. Geosynclinal
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thicknesses of strata persisted into the Pennsylvanian

and Permian periods but in southwest Montana did not

reach the thicknesses found during. the Mississippian

period. Kirkham (1927, p. 19'), Anderson and Wagner

(1944, p. 7) and Umpleby (1917, p. 27-30), have reported

similar thicknesses of Paleozoic rocks from central and

eastern Idaho.

The Madison limestone thins rapidly both north and

east of the Tendoy Range. Winchell (1914, p. 27) and

Shenon (1931, p. 14) measured 1200 feet of Madison near

Dillon, Montana, 45 miles north of Dell. Uonkala (per-

'sonal communication) measured 1,700 feet of Madison at

the western end of the Centennial Valley, which thinned

to 1,100 feet towards the eastern end of the Valley.

The lithologic uniformity and absence of clastics in the

Madison limestone in the geosynclinal area :lndicntes an

orderly and gradual subsidence with deposition.

The Mesozoic era 4:as also a period of orderly de)o-

sition until the Cretaceous period. A coarse sandstone

at the base of the Kootenai may indicate a slight tec-

tonic disturbance at the start of the Cretaceous. To

the north near Dillon, Montana VInchell (1914, p. 25)

has described the Kootenai as containing a coarse con-

glomerate at its base. The major Period of deformation
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of the sediments, and the uplift of the Tendoy Range oc-

Burred at the close of the Cretaceous period. All Paleo-

zoic and Mesozoic sediments were tilted about 30 - 35

degrees to the west at this time.

The Tertiary was a period of continental deposition,

the Tendoy Range being alternately high and low. Coarse

conglomerate and fine clastics attest to the changing

geographic conditions, and unconformably overlie the old-

er sediments. Volcanic material is abundant, and tuffs

form a considerable thickness in the Tertiary sedimentary

sequence.

The total thickness of the Carboniferous rocks is

about 15,143 feet. The Triassic section measures 1,698

feet; the Jurassic section 388 feet; and the Cretaceous

section at least 2,200 feet, although this is not a com-

plete section. The following table summarizes the for-

mations in the Tendoy Range:

Age Fbrmation Thickness Character

Unconsolidated

silt and gravel
Quaternary Alluvium -------

in valley bot-

toms
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Age Formation Thickness Character

a

Pleistocene

or Pliocene

iMiocene

Paleocene

Lower

Cretaceous

Jurassic

Volcanice

Basin Beds

Red Rock

conglomerate

Kootenai

-V --- --- -, A

2,000s+

2, 000 1+

2,200 -

1161

252'

Volcanic brecia

and rhyolite

Volcanic tuf'fs,

shales, sand-

stones, and

lime s tones

Massive conglo-

merate with

limestone and

quartzite peb-

bles and hema-

titic cement.

Red and gray

shales and gray

sandstones

Colitic lime-

stones and light

brown shales

Light brown,

calcareous silt-

stones and shales

i erdon

Sawtooth



V

Age 1Frmation JThickness I Character

Triassic

P ermian

Thyo s

Woodside

Dinwoody

Phosphoric

792'1

3541

5521

802'1

Gray limestones,

silty lUmestones,
and silts tones

Gray sandstones

and limes tones

and some shale

Dark brown weath-

ering shales,

gray limestones

GFay, cherty,

limes tones and

dolomites, buffI

sandstones and

shales, with a

red siltstone

near 'top
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Age Frmation Thickneas Character

Massive brown

quar tzi tic s and-
Tensleep 3,319 f stone; with some

dolomi te towards

Pennayl- wtop

vani an Gray to burr

limoes to ne s,
Amsdean 2,9022'

shales, and

s ands tone~s

1sis. eu .- asai ve gray
Madi son 8-M10 00001

ippian limes tone

Frew-Caribrian rocks

Very row exposures orf pre-wCambrian rooks are round

in the area,. the closest exposure being at the northern

end or Nicholta Basin (Kupach and Soholten, personal

comunication) . Here an undetermined thi cimes s or gneiss
and sch i st occurs o
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Cambrian system

The Flathead quartzite is a dark red to brown dense

quartzite, in places banded and crossbedded. An elon-

gated pebble bed is also found. Complete sections are

lacking so the thickness is undetermined. Outcrops are

found along Tendoy Creek, about 15 miles west of the

Tendoy Range. The Flathead was named by Peale (1893, p.

20) from exposures in Flathead Pass in the northeast

corner of the Three Forks quadrangle, Montana, and is

Middle Cambrian in age.

Ordovician system

The Kinnickinic quartzite is found in approximately

the same localities as the Flathead, and apparently

forms a minor anticlinal structure along Tendoy Creek.

The formation consists of a white to pinkish, dense

quartzite, which weathers to a yellow color. Outcrops

are massive, and measure about 200 feet in thickness

(Kupsch and Scholten, personal com mnication) . The

Kinnickinic formation was named by C. P. Ross (1934, p.

947) for the Kinnickinic creek near Clayton, Custer

County, Idaho. It is Middle Ordovician in age.
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Devonian system

The Three Forks formation was named by A. C. Peale

(1893, p. 29) from exposures near the junction of three

forks of the Missouri River in central Montana. The

formation consists of alternating shales, thin limestones,

and silty and sandy limestones and dolomites. A yellow-

ish-gray color prevails throughout. The section measures

about 150 feet and is found in the Nicholia Basin. It is

Upper Devonian in age.

Mississippian system

The Madison limestone is Lower Mississippian in age

and is very widespread in southwestern ontana. The for-

mation was named by A. C. Peale (1893, p. 32) from ex-

posures in the Madison Range of southwest Montana, and

consists of the Lodgepole and Mission Canyon members.

The Big Snowy group of Middle and Upper Mississippian age,

as recognized by H. W. Scott (1935, p. 1023), is usually

considered a part of the Madison formation. No attempt

was made by the writer to differentiate the v-rious mem-

bers of the Madison limestone.

In the Tendoy Range the Madison is a light to dark

bluish-gray, massive limestone, and crops out as promi-

nent cliffs. Some beds of the formation are very fos-
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siliferous, and contain cup corals, crinoid columnals,

and bryozoa. A petroliferous odor on a fresh surface is

characteristic. The Madison has been severely deformed,

which has resulted in numerous tight folds and minor

faults within the formation. The formation forms the

sole of the Tendoy thrust and is the oldest formation

exposed in the Tendoy Range.

Kupsch and Scholten (personal communication) have

estimated the Madison:to be 10,000 feet thick in the Ni-

cholia Basin. The intricate folding in the formation

and lack of continuous outcrop made measuring of the

complete section impossible.

The Amsden formation is apparently ceonformable with

the Madison, though outcrops are poor along the contact.

An erosional unconformity is reported to separate the

Madison and Three Forks formations, but the contact is

not seen in the Tendoy Range. Kupsch and Scholton (per-

sonal communication) report that the Madison in the Ni-

cholia Basin in places may rest directly on the ilathead

quartzite. The possibility that this was a fault con-

tact instead of an erosional contact was undetermined.



Plate 3. Laramide folding and faulting in the

Madison limestone near the mouth of Sheep Creek.

Overturning of folds is to the east.
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Pennsylvanian system

Amsden formation. The Amden formation consists of

slightly over 2,000 feet of light gray limestones,

shales, and sandstones. The formation was named by N.

H. Darton (1904, p. 396) from exposures along the Ams-

den branch of the Tongue river, west of Dayton, Wyoming.

Good outcrops of the formation are seen along the

east front of the Tendoy Range. Talus slides from the

overlying Tensleep formation in places cover the upper

beds of the Amsden. Several of the lower beds of the

Amsden formation contain large productids and pelecypods.

Amsden Ibrmation measured in NW, Section 36, T.13S.,
PRlOW.

29. Limestone, dark gray weathering to light
gray, fine grained ........................ 2.0'

28. Sandstone, light tan, friable .............. 6.0'

27. Limestone, dark gray weathering to light
gray, fine grained .............0.0......... 8.01

26. Covered interval."............. ......... 58.01

25. Limestone, dark gray weathering to light
gray, massive, dense ..................... 10.01

24. Covered interval .......................... 139.0?

23. Limestone, gray weathering to buff color,
crystalline, well bedded, and containing
numerous thin bands of dark chert ......... 43.0'

22. Shales, gray, grading upwards into brown
shales. Upper part of bed is covered ..... 389.0'
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21. Sandstone, light brown, thin bedded, cal-
careous. The bedding planes are very well
developed but some of the beds are con-
siderably thicker than others. In places
weathers to reddish purple color .......... 120.0?

20. Sandstone, tan, weathering to rusty brown
color, massive, friable .................... 24.0'

19. Covered interval - Tensleep talus .......... 269.0'

18. Limestone, gray, finely crystalline and
containing numerous organic fragments .... 12.01

17. Limestone, dark gray weathering to buff,
argillaceous, thin bedded with some in-
terbedded chert ....... ".."................ 38.0j

16. Limestone, gray-brown weathering to buff,
finely crystalline, fossiliferous ......... 62.0'

15. Shale, gray, thin bedded, calcareous, con-
taining numerous pelecypods ............... 80.0

14. Sandstone, light tan weathering to orange-
b uff, hard, quartzitiC ... ................. 3.01

13. Shales, gray, calcareous, thin bedded ...... 29.01

12. Limestone, dark gray weathering to buff,
crystalline and containing productids ..... 21.0'

11. Gray shales and limestones alternatIng
and grading upward into brownish and
buff colored beds ......................... 106.01

10. Argillaceous limestones and dark gray
shales, weathering to light gray, thin
bedded and calcareous, alternating.
Contains some darker shale morbors with
occasional fragments of gypsum............ 245.01

9. Limestone, medium gray, medium grained,
highly fractured ..... "................... 29.0'

8. Shale, dark gray weathering to light
gray, calcareous, thin bedded with some
interbedded argillaceous limestones ...... 67.0?



15

7. Limestone, light to medium gray weathering
to buff, finely crystalline, highly frac-
tured with fractures filled with second-
ary calcite ............................. 14.09

6. Shale, dark gray weathering to light gray,
calcareous, thin bedded, with some inter-
bedded argillaceous limestones ........... , 43.0

5. Limestone, gray, thin bedded, argillaceous .. 67.0f

4. Limestone, buff colored, thin bedded, silty

3. Limestone, dark gray, fine grained, petro-
liferous odor ............................ 4.0'

2. Shale, gray weathering to lighter gray, thin
bedded, calcareous, contains pelecypods ... 86.0'

1. Limestone, dark gray weathering to buff,
dense, compact ............... ........... 48.01

Total thickness .......... 2022.0'

The Amsden formation conformably overlies the , adison

limestone.

The age of the formation is gradational from his-

sissip-pan to Pennsylvanian, since fossils of each age

have been found in t-e lower and upper parts respectively

(Darton, 1904, p. 396). Contacts with the overlying

Tensleep quiartzite are apparently conformable.

Tensleep formation

The Tensleep formation was defined by N. H. Darton

(1904, p. 397) from a section he measured along Tensleep
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Creek in Wyoming. The term Quadrant has been used ex-

tensively in southwest Montana by Winchell (1914, p. 26),

Shenon (1931, p. 15), Corry (1933, p. 5), and Perry and

Sahinen (1946) to denote the Upper Mississippian to low-

er Pennsylvanian beds of that region. This usage is in

accordance with Weedts original definition of the Quad-

rant formation in 1896. The Pennsylvanian section as

measured by the writer in the Tendoy Range has been di-

vided into the Amsden and Tensleep formations, thereby

making the name Quadrant inappropriate. The term Quad-

rant was used in the preparation of the enclosed map

but its usage is considered incorrect by the author.

The Tensleep formation measures 3,319 feet in the

Tendoy range and forms a very prominent outcrop which

caps several of the highest hills in the range. The

lower 2,930 feet consists mainly of a dense quartzitic

sandstone of a brown color. The formation is massive

and consists of fine well-sorted quartz sand grains

held tightly together by a silica cement. Fosting of

the sand grains indicates that they have been well

worked by a transporting agent. Long talus slopes, with

the talus rocks covered by numerous black lichens are

characteristic of the outcrops. The uppor beds of the

formation are dolomites and limestones with somie cherty
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beds. Outcrops of the dolomite are less rugged than the

quartzitio sandstones. Rolling grassy slopes generally

cover the dolomites.

Tensleep formation measured in E.}, Section 35,
T.13S., R.10W.

12. Sandstone, dark gray, massive, calcareous 26.3'
cement ...................................

11. Covered interval; dolomite and chert
layers present ...... f.................... 280.91

10. Limestone, more pitted than before, other-
wise similar to bed8 ..................... 8.8'

9. Dolomite ........... ....................... 15.51

8. Limestone, finely crystalline, dense,
slightly pitted, gray to light tan,
weathers white to tan ................... 5.01

7. Dolomite, dense at base, white to light
gray, chert near the top, sandy ........... 54.91

6. Sandstone, soft, white, easily weathered,
forms rolling slope ....................... 131.0'

5. Sandstone (first exposure), dense, white
to light gray, weathers to brownish tan,
becomes light tan toward the top ......... 1724.9'

4. Sandstone, slightly friable, massive,
dark tan, weathers to yellowish tan.
Many black lichens on weathered sur-
faces, covered by long talus slopes
near top ..........................w...... 913.6'

3. Sandstone, friable, massive, light tan,
weathers to light gray, interbedded with
2-inch thin layers more quartzitic and
slightly dolomitic near the center. Al-
so another member of quartzitic, slightly
dolomitic sandstone near the top........... 109.4'
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2. Sandstone, quartzite, very dense, gray to
buff, weathers to tan, thinly bedded with
thin 3-inch shaly sandstone layers ............ 5.01

1. Sandstone, white to buff, friable, mottled
slightly reddish, fine well sorted sand,
weathers to light gray, becomes more dense
near top, massive, cross bedded .............. 43.8

Total thickness .... 3319.1'

The Tensleep formation conformably overlies the Amaden

forma tion.

The formation is considered to be lower Pennsyl-

vanian in age. No Tensleep fossils were seen by the au-

thor in the Tendoy Range, but Darton (1904, p. 397) and

others have listed Tensleep fossils in other localities.

The Tensleep is separated from the overlying Phosphoria

formation by a minor unconformity.

Permian system

The Phosphoria formation consists primarily of cher-

ty dolomites and limestones, with some shale and sand-

stone beds. A very prominent red silts tone bed is found

about in the middle of the formation.

The Rex chert member and the phosphate beds usually

found in the formation in northern VWyoing and eastern

Idaho are lacking in the Tendoy Range. Phosphatic shales
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also were not observed by the author in the Tendoy Range.

However Bowen (1917, p. 317) has reported phosphatic oil

shales in the Phosphoria of Muddy Creek Basin. Bowen's

section in Muddy Creek Basin is too generalized to per-

mit correlation with the section as measured by the

author.

Phosphoria formation measured in Section 35, T.13S.,
R.OW.

20. Limestone, tan to medium gray, weathers
medium gray, very hard, fine grain, crys-
talline, partly covered, mottled with
white calcite spots .................... . 1000'

19. Dolomite and chert, gray, massive, frac-
tured, hard, weathers gray with slight
red brown color, slight limonitic stains,
also thin limestone beds interbedded.
forms a vertical prominent cliff in one
place but is partly covered in other
places "..........f............."..........-. 191.61

18. Covered interval ......................... 88.0'

17. Sandstone, mostly covered brownish sand-
stone; the sandstone weathers into small
angular talus. Some chert present ........ 66.0'

16. Limestone, massive, hard, gray, weathers
light yellowish tan ....................... 15.7'

15. Shale, light buff in color, nostly covered . 31.6'

14. Siltstone, red, very slightly lidy, rather
hard, forms small cliffs over the tan
limestone; massive at top and bottom and
thin bedded between ....................... 45.1'

13. Limestone, yellowish tan, friable, fine
grain, thinly bedded, also more or less

massive in places . ............... .... "... 10.0,
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12. Dolomite, dense, medium dark gray, weathers
light gray, chert is bluish, greenish and
dark gray (concretions), some lime present,
hard, also some chert lenses that resem-
ble angular conglomerates .................. 8.4'

11. Sandstone, calcareous cement, fine grain,
hard, light gray weathers buff to medium
dark gray, faint light gray or white
color bands ......... ............. 6.3'

10. Dolomite, contains a few chert concretions,
sandy, light gray to white, weathers same,
hackly weathered surface, massive but well
fractured, horizontal joints, more chert
lenses near the top ....................... 92.6'

9. Covered interval ............................ 11.7'

8. Chert, gray green ........................... 0.8'

7. Limestone, hard, slightly sandy, dark gray
green, weathers gray, occasional thin
chart layers, massive ...................... 6.0'

6. Limestone with chert beds; limestone is
gray, weathers same, chert is white gray
to medium dark, beds of chert 2 inches
to 8 inches thick. Toward the top be-
comes less limy and the chert layers
disappear and become concretions and
area littlemore dark ..................... 76.3'

5. Chert and dolomite; chert is medium dark
gray, dolomite is light gray, more chert
than dolomite .... *.......................... 12.51

4. Covered interval .......................... 8.4'

3. Sandstone, more limy near base than near
the top, line grain, hard, massive, light
gray, weathers same, few calcite string-
ers throughout bed ......................... 44.51

2. Limestone, light gray, contains a chrt
that is dark gray; the chert is in large
concretions in the limestone. Limestone
is very fine grain, hard, and massive ...... 71.61
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1. Dolomite, sandy, very fine grain, weathers
light gray, gray buff on fresh surface .... 5.01

Total thickness ....... 802.1'

The Phosphoria unconformably overlies the Tensleep for-

mation.

The Phosphoria was named by Richards and Mans-

field (1912, p. 684) for Phosphoria Gulch, near Meade

Park, Idaho. The formation is considered to be Middle

Permian in age, and is separated from the overlying

Dinwoody formation by a minor unconformity.

Triassic system

General statement. The Triassic section measures

1698 feet in the Tendoy Range, and in its lack of red

beds differs from the Triassic section of Wyoming where

red beds are conmon. Three formations are recognized

in southwest Montana, the Dinwoody, Woodside, and

Thaynes. Division of the various formations is dif-

ficult. More detailed work needs to be done on the

section to definitely establish this division.

Dineoody formation. The Dinwoody was named by Black-

welder (1918, p. 425) from exposures in the canyon of

Dinwoody Lakes in the Wind River Range. The formation
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Dinwoody formation measured in X.j Section 26,
T. 13S.0 , YI.OV

33. Shaly limestone, gray, weathers a reddish

brown, sandy, thinly bedded "*............... 4.71

32. Covered .".....*.".. .. . .. .. .. . ... *. ."*. *.,.. . 37.41

31. Limes tone, gray, weathers darker, hyard,
massive "si ... ** . .."a"w"s"". ".""". .. .. .4,7'

30i *Covered **."*".".. .. "... ..""f. ."" " . " .r.".". .. 2*0'

29. Shaly limestone, gray, weathers dark gray ... 1.01

28. Covered r.....,..........!......... ee......."14.0'

27. Limes tone, grays weathers dark gray,
dense, hard .......... e..e."."..."...". 203

26. Covered, a limestone bed in the middle f ..... 9.31

25. Limestone ""."f......................s..... 1.01

24" *Coveredf. .. .. ". .. . . .. . .. ...... . ... "...... *4 *7'

23. Shaly limestone, thinly bedded, Cray,
weathers buff . .. .".. . ."......... .. ... . .. . 6010

22"* Covered ... .. .. ".... .. ** . ~ ..".....,...~ ... 183.7 1

21. Limestone, gray, weathers a dark gray,

20. Covered "..e."...e.........ee~ee.cceceee14.0'

19. Limestone, gray, weathers reddish, th1Inly

18. Covered, with a 3-foot bed or limestone
in thermiddle, shaly'...................... 14.81

17. Limestone, brownish red, weathers a red
brown, thinly bedded, shaly, o s s ili ferous,
sone small shale partings presont, forms a
prominent ledge 6 e.. c 3.91
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16. Covered ""w" " ""f..".*e."..o.cs.e**"..s. 25*Vt

15. Limestone, gray brown, weathers reddish,
interbedded with shale partings, forte
a ledge (same an #13) "."................ 6.31

14" *Covered """""." ** * ... * ** * * . . .. * * * * * *...23s*41.

13. Limestone, gray-brown, weathers reddi shl,
Interbedded with shale partings, forms

a ledge f*".s ""s"";"...."""+w........c. 9.3'

12 *Covered ... eec . ."""." .". . . ** s""""""""! ". .""!s 39 .8

1. Shaly limestone, reddish on both surfaces,
massive (same as j"9) ".""""....."....!" 2.0'

10 * Covered ""*.s"""*. .. ...... "... . . ec.... 6.0 1

9. Shaly limestones reddish on both surfaces,massive ""f"""* *.""""""""""...* . . . .. .*.. 3.0 '

8. Shale, covered slope interval (same as he6) w. T7.0'

7. Limestone, I-sfoo t white beds interbedded
with thin shale partings, weathers red-
dish (same as #ZS) ...... *...".."."...... 2.0'

6. Shal.ep covered slope interval . "..." "..... 7.0O'

5. Limes tone, 1-rfoo t whidte beds interbedded
with thin shale partings, weathers red-
dish "+.cecc.c.".eec". c""cc"""".""."""*... 4.0'

4. Calcareous shale, brownish- red, th'inly
bedded, weathers red and tan ..... "..... ". .. 44.1'1

3.* Covered ..... ".........cco .****cc." .,..... 109.01

2. Shaly limes tone,$ gray, weathers reddish,
slightly conglomeratic, thin bedded,

cliff former .e..........c..c.. " ..... c.. 500

lIe Shale,$ dark b rown, no stly covered ....... . "153.7'

Total thckness ....... 553.5
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The Dinwoody unconformably overlies the Phosphoria for-

mation.

consists of 427 feet of interbedded shales and silty

limestones that weather to a brown or chocolate brown

color. 'Outcrops are generally inconspicuous, because

the shales weather readily to a brown soil. The contact

with the overlying Woodside formation is conformable.

The Dinwoody is Lower Triassic in age.

Woodside formation. The Woodside formation is com-

posed chiefly of thin bedded sandstones of a gray to

buff color. Some limestones near the base and some red

shales toward the top of the formation are also present.

The sandstones are poorly sorted with shale partings,

giving the thin beds. Conformably overlying the Wood-

side formation is the Thaynes formation, indicating a

continuous period of deposition throughout the Lower

Triassic. The Woodside is Lower Triassic in age and was

named by J. M. Boutwell (1907, p. 446).

Woodside formation measured in W.i, Section 26,
T.13S., R.10W

19. Covered ................................... 18.71

18. Shale, brown, weathers dark brown, sandy,
calcareous, thinly bedded ................. 2.51
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17. Covered interval - dark brown soil ......... 107.4'

16. Covered interval of red soil ............... 65.4'

15. Shaly sandstone, light gray on both sur-
faces, thinly bedded ....................... 1.51

14. Covered .«!....... ". ~............. . . .. . ... 7 .9'

13. Sandstone, gray to buff, weathers light
gray, fine grain, thinly bedded, cal-
careous cement ...................... , .... 6.0O

12. Covered" .......... .................. *.. 7.0'

11. Sandstone, gray, fine grain, weathers
lVpht gray, thinly bedded ................. 2.0'

10. Covered ..................... ... .... . . 5.5'

9. Sandstone, light gray, weathers to a gray
buff, well indurated, massive at base,
thinly bedded near the top ................ 36.0'

8. Covered ... .. .. ... . f. . ". . .f. .. . . .. . .". . .. ...... 4.7'

7. Sandstone, light gray, weathers brownish-
red and gray, well indurated, alternated
thinly bedded and massive ................ 9.3

6. Sandstone, light gray on both surfaces,
poorly indurated, thinly bedded ........... 23.4'

5. Covered . ........ ..... .................. . 10.6'

4. Limestone, light gray, weathers to brown-
ish red in places, very sandy, very
thinly bedded, dark gray patches in
places; there is a I-foot covered in-
terval 6 inches below the top ............. 14.0'

3. Covered . ................ ................. w 11.71
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2. Limestone, gray, weathers grayish buff,
sandy, thinly bedded limestone at base,
becomes massive toward the top. Ierms
a prominent ledge .......................... 9.3f

1. Covered-....«... ............................. 11,0'

Total thickness ...... 353.9

The Woodside conformably overlies the Dinwoody formation.

Thaynes formation. The Thaynes formation takes its

name after Thaynes Canyon in the Park City District,

Utah. The section in the Tendoy Range is similar to the

original section described by Boutwell (1907, p. 448)

and consists of gray to pinkish buff limestones and cal-

careous siltstones. Some of the upper beds contain

chert but outcrops are very poor. The lower part of the

formation, which consists of massive limestones, forms

prominent ridges in the Tendoy Range. The limestones

are usually covered with an orange lichen. Fossils are

generally rare, but one limestone bed has numerous fen-

tacrinus. The forn-ation is considered to be Lower Tri-

assic in age.

Thaynes formation measured in W.4, Section
26, T.13S., 1.10W.

17. Limestone, tan, thin bedded, silty and some
chert, mostly covered ..................... 84.41
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16. Limestone, light gray, finely crystalline,
weathers with rough surface, fossiliferous . 4.5'

15. Silty limestone, buff colored, thin bedded,
some sandy layers present, mostly covered .. 68.8'

14. Limestone, gray to buff colored, finely
crystalline, mostly covered ............... 50.5'

13. Siltstone, tan, calcareous and some chert ... 22.91

12. Limestone, dark gray weathering to light
gray, massive, fine grained, weathers
with pitted surface ........................ 10.31

11. Siltstone, light gray to buff colored,
calcareous, mostly covered ................. 18.3'

10. Limestone, light gray, crystalline,
thin bedded ...................... "........ 18.3'

9. Covered, abundant tan calcareous silt-
stone and chert float ..................... 18.3'

8. Covered interval with some gray lime-
stone and chert float ...................... 22.91

7. Limestone, buff to gray, massive, thin
bedded, crystalline, hard, forming a
veryprominent ridge .... "................ 27.5'

6. Covered interval but some calcareous tan
siltstone and some chert in float,
thin bedded ..... r......................... 27.51

5. Limestone, light gray to buff, weathers
same, some pink mottling, massive, coarse-
ly crystalline, resistant, as a prominent
ledge former, numerous Pentacrinus and
numerous lichens .*.............. 15.0

4. Covered ......... "............+........... . 314.2'

3. Limestone, gray brown, weathers gray,
thick to thinly bedded, forms a promi-
nent ledge with thin covered intervals .... 32.7'



28

2. Covered ...........................-.... 28.8'

1. Limestone, gray-brown, weathers to
chocolate brown, thick and thinly
bedded, very dense ..................... 21.0'

Total thickness ....... 791.9f

The Thaynes conformably overlies the Woodside formation.

Jurassic .system

General statement. The Jurassic system is the last

marine sedimentary series in the Tendoy Flange. Sediments

include shale and siltstone which nake up the Sawtooth

formation and an oolitic limestone which .orms the Rier-

don formation. Collectively these two formations have

been called the Ellis group. These formations are of

late Jurassic age, and possibly are separated from the

Triassic by an unconformity, though the contact of the

Triassic and Jurassic is difficult to see. Condit (1918,

p. 120) and Bevan (1920, p. 444) have reported a pro-

longed period of erosion and peneplanation prior to late

Jurassic time over most of southwest Montana. This

peneplane is not readily apparent in the Tendoy RIange.

Sawtooth formation. The Sawtooth formation con-

sists of shales and siltstonos of a gray to light brown

color that weather readily and are usually found as low
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rounded hogbacks that lap onto the Thaynes formation.

The upper shale bed contains pelecypods. The formation

derives its name from the Sawtooth range in western Mon-

tana in which it is well developed. W. A. Cobban (1945,

p. 1270) named the Sawtooth formation and considers it

to be Middle Jurassic in age.

Sawtooth formation measured in S.l, Section 22,
T. 133., R.lO-.

Shale, light gray to buff color, slabby and
thin bedded, calcareous, not necessarily
top of bed ................................... 105.5

Siltstone, brown, with some interbedded brown
limestone separated by silty partings, slight-
ly crystalline, highly fractured though somee-
what more massive near base, calcareous,
weathers with a speckled appearance ........... 64.2'

Covered interval ............................... 82.6

Total thickness ....... 252.3'

The Sawtooth unconforraably overlies the Thaynes formation.

Riercdon formation. Conformably overlying the Saw-

tooth formation is the Rierdon formation, which consists

of two oolitic limestone beds separated by a calcareous

shale. The top bed of the formation is probably a shale

but outcrops are indistinct. The Rierdon was named by

V1. A. Cobban (1945, p. 1277) and forms the middle member

of the Ellis group. The Swift formation, the top member
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of the Ellis group is missing in the Tendoy Range. The

Rierdon is Upper Jurassic in age.

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

4. Covered interval .... ee........ ............. 78.01

3. Oolitic limestone, gray to buff color,
massive r.".............. ... s....... 10.0'

2. Shale, light brown, calcareous ............... 20.0t

1. Oolitic limestone, gray to buff color,
massive .... ".......................... 8.0'

Total thickness ....... 113.01

The Rierdon conformably overlies the Sawtooth formation.

Cretaceous system

The Kootenai formation is the only Cretaceous for-

mation in the Tendoy Range. The for-,atIon was named by

J. W. Dawson (1885, p. 531) from a tribe of Indians that

hunted in Montana, northern Idaho, and southorn Alberta.

The formation is found over most of ontana and southern

Alberta.

The Kootenai consists mainly of gray sandstones and

red shales. The lowermost beds in the Tendoy Range are

dark shales and sandstones, which possibly nay represent

the Morrison or Swift formations. A gastropod limestone

about 2 feet thick in the lower part of the formation
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makes a prominent marker bed. 2,201 feet of the Kootenai

were measured in the Tendoy Range, but this is not neces-

sarily the complete thickness of the formation. The Ten-

doy thrust cuts out all younger Cretaceous beds if such

were present.

The predominance of red beds in the formiation in-

dicates conditions at the time of deposition were ap-

parently unfavorable to organic life, as few fossils

were found. G. M. Dawson (1885, p. 162B) has listed

fossil flora from the Kootenai and placed the formiation

as lowermost Cretaceous in age. The sediments are of

continental origin and unconformably overlie the Rier-

don formation.

Kootenai formation measured in E. , Section 9,
T.133., R.lOW.

35. Covered. Beyond this point the section is
covered by Madison limestone which is part
of an overthrust sheet .................... 250.01

34. Sandstone, salt and pepper appearance,
massive, some beds contain subangular to
rounded pebbles of black and brown chert .. 26.0'

33. Covered ......... ........................... 26.0'

32. Sandstone, rusty brown, very well in-
durated, salt and pepper .................. 26.0'

31. Covered ......... ........................... 52.0'

30. Sandstone, salt and pepper, massive ........ 21.0t
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29. Shale, reddish color ...................... 52.01

28. Sandstone, fine grained salt and pepper . .. 5.0'

27. Shale, brownish red ,.. ,.. ... ... ....... '... 42.0'1

26. Sandstone, salt and pepper ,.............." ".. 501

25. Shale, brownish red ". ........ "...... 290'

24. Sandstone, salt and pepper, interbedded
with several beds of dark brown weather-
ing calcareous sandstones ... ,.............. 10.0't

23. Shale~ variegated red, brown, and purple .. 31.0'

22. Sandstone, salt and pepper ................. 5.01

20. Limestone, gray wea therinL; to dark

brown, arenaceou~a .. ....... " . .. .. ..... 2,01

19. Sandstone, salt and pepper "". ............... 28#0'

18. Shale, red ..... .0.9 Se 909**.090~90.9."* 9. 21.01'

17. Sandstone, salt and pepper ",.............. 50'1

16. Shale, red ..".. ............ 23.0'

15, Shale, purple-gray. This memxber includes
a two foot bedof reddish-brown arenaece-
ous limestone "..,........,.. ........... 10.01

14,* Shale, red , ..... ". . .. . ... . ... .. .. . . . .. .. ,.. 57 .01

13. Sandstone, gray to reddish color with some
interbedded calcareous layers ............ " 26.01

12. Sandstone, salt and pepper .".".".."....,.. 5.0'

II. Shale, red "@.......................* . . . . .. .. 10101

10. Sandstone, thin bedded medium grained,
salt and pepper. .......... ... ".." s..oe.. 3.0

9. Shale, alternating red and brown .......... 73.01



8. Covered; includes a dark gray gastropod
limestone about six feet thick and gray
shales not seen in measured section ....... 702.0'

7. Shale, red ................................ 21.01

6. Sandstone, light brown to gray, redium
grained, friable. Towards top coarser
salt and pepper sandstone, generally thin
bedded, and with pebbles of black chert ... 36.0'

5. Shale, variegated red, purple, and brown ... 42.0'

4. Shale, light gray, hard, sandy ............. 52.0'

3. Shale, red, calcareous and containing

gastroliths ? 4....... ...... . .... 109.0'

2. Sandstone, coarse salt and pepper with
limonite concretions, massive ............. 70.01

1. Shale, dark colored, poorly exposed.
Possible 1orrison or Swift formation ? .... 260.0'

Total thickness ..... 2201.0'

The Kootenai unconformably overlies the Rierdon for-

mation.

Tertiary system

General statement. Tertiary formations range from

coarse conglomerates to fine silts, and represent vary-

ing sedimentary environments. No measuring of the Ter-

tiary section was done in the Tendoy Range.

Red Plock conlomerate. The Red Rock con lovierate

is rather widespread in the Toncloy Range. In tho upper
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Little Water Canyon on the west side of the mountain

the conglomerate is found at about 8,000 feet elevation

where it dips 250 W. It is a remnant of a mass elev-

ated by the Muddy Creek fault. Near the mouth of Sheep

Creek the conglomerate is apparently part of a small

anticlinal structure, paralleling the east front of the

mountains. Just south of Lima, Montana the conglomerate

forms the Tied Conglomerate Peaks, which attain elev-

ations of 9,000 feet. Some beds contain well rounded

quartzitic pebbles, but other beds contain coarse an-

gular fragments of Madison limestone and quartzite

boulders. These later- beds are poorly sorted and poor-

ly cemented with a hematitic cement.

The formation derives its name from the Red Con-

glomerate Peaks and the Red Rock River (17ardley, un-

published data), and has boon estimated to be about

2,000 feet in thickness south of Lima, Montana.

The age and sequence of the beds is somewhat con-

troversial. More detailed work is needed to determine

the stratigraphic relations of the conglomerate and its

sequence in the structural developmient of the Range.

Some structural relations of the conglomerate are known.

East of the Tendoy Range in the So Creek Basin the

Sage Creek formation of Upper focene age unconformably



overlies the Red Rock conglomerate (Eardley, personal

communication). Near the mouth of Sheep Creek the Red

Rock conglomerate overlies the tilted beds of the early

Laramide complex. The conglomerate, therefore, was

deposited in the Paleocene and folded and eroded prior

to Upper Eocene. No fossils have been found in the

conglomerate. Only erosional remnants of the conglo-

merate are found in the area north of Sheep Creek, but

further south near Lima great thicmesses of the for-

mation remain. The formation is of continental origin.

Muddy Cr basin beds. The Muddy Creek basin

beds consist mainly of volcanic tuffs overlain by a

series of shales and some thin limestone and sandstone

beds. No measured section is available but the beds

are probably correlative with the Bozeman Lake Beds

recognIzed over most of southwest Montana by different

writers. No correlation work has been done between the

various localities. A. C. Peale (1893, p. 40) first

used the name Bozeman Lake Beds for all of the mid-Ter-

tiary deposits around Bozeman, Montana. Other workers

have reported similar deposits over much of southwest

Montana that contain Oligocene to Pliocene fossils.

The formation is undoubtedly locally variable, but the

Muddy Creek basin beds are similar to sediments found



a few miles east of the Tendoy Range. the Muddy Creek

beds more nearly resemble the Upper Miocene Ruby Reser-

voir beds than the Sage Creek formation of Upper Eocene

age (Eardley, personal commuication). FPor this reason

the Muddy Creek basin beds are considered to be Miocene

in age. The only fossils found in the Muddy Creek basin

beds were non-diagnostic plant fragments.

The sediments are principally fine textured clas-

tics, and were probably deposited in a large shallow

fresh water lake. Sometime after deposition, probably in

Pliocene time, the beds were cut by high angle faults, and

the basin block was tilted 150 to the east. The presence

of tuffs in the lower beds indicates volcanic activity

somewhere in the region, but the origin is unknown.

Quaternary system

Deposits of Quaternary age cover all basin floors,

and consist chiefly of fine gravels, sands, and silts

deposited by streams on the lowland areas when the streams

were nearer base level. Sediments are unconsolidated and

generally lack bedding planes. Next to the mountains the

intermittent streams that drain into the basin have built

up alluvial fans that grade outward into the basin depo-

sits.
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Igneous rocks

On the west side of the Tendoy Range are two small

areas of volcanic rock, the only igneous rock in the

subject area. The rocks are mainly coarse breccias of

a rhyolitic composition. Minor amounts of a basaltic

rock have been found, but the main rock type is a dark

red volcanic ash or vesicular rhyolite rock. The vol-

canics are supposedly in place although no feeders for

the volcanoes can be seen. Two undrained depressions

within the volcanic outcrop tends to indicate the recent

origin of the volcanics.

No fossils were found with the volcanic material

so the precise age of the extrusion is dependent on

areal relations with other sediments. The volcanics

cut the Cretaceous Kootenai formation, and at one place

apparently cut through a tuff bed. This latter bed may

be an erosional remnant of the Muddy Creek basin beds,

but no correlation is available. Another indication

that the voleanics are younger than the basin beds is

the complete absence of basin beds in or around the un-

drained depressions. Erosion has not completely dis-

sected the outcrop. The volcanic rocks are therefore

considered to be late Pliocene or Pleistocene in age.

The volcanic s are much young ;er than any tuffs known in

the Tendoy Range.
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Plate 4. Volcanic breccia in the exposure off vol-

canics about 11 miles west off Dixon Mountain.
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STRUCTURE

General features

In the Tendoy Range a variety of structural features

have been produced by several periods of orogeny. The

Paleozoic and Mesozoic strata were folded and thrust

faulted at the end of the Mesozoic, and the Red Rock con-

glomerate was deposited unconformably on the older strata.

The conglomerate itself was then folded and later cut by

high angle faults in mid-Tertiary time. The structural

features of the area will be considered in chronological

order.

Laramide strictures

The first of the late Cretaceous crustal distur-

bances resulted in folding of all Paleozoic and Meso-

zoic strata into northwest-southeast trending folds.

All Mesozoic and older strata in the Tendoy Range dip

about 30 - 350 to the west, and both the east and west

sides of the inclined beds have been cut off by high

angle faults of mid-Tertiary age. Other Laramide fold-

ing is represented by numerous, small, tight folds and

minor faults in the Madison limestone.
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Near the northeast corner of the area the Little

Water Canyon syncline trends approximately northeast and

at right angles to the other structures of the Range.

The syncline starts near the eastern margin of the area

and plunges towards the west. At its eastern extremity

this syncline is broken by two normal faults, of small

displacement, which probably pass into bedding plane

faults towards the west. See Plate 9. Beds on the north

wing of the fault dip. about 700 to the north.

Thrust faulting followed late Cretaceous folding,

but whether thrusting was pre-Red Rock conglomerate or

post-conglomerate is uncertain. In the northwest part

of the mapped area the relation of the lied Rock conglo-

merate and Tendoy thrust would indicate that the con-

glomerate overlies the thrust. However, near Lima, Mon-

tana, Eardley (personal communication) has mapped a

thrust in the Red Rock conglomerate and believes it is a

part of the Tendoy thrust. Additional mapping needs to

be done to establish the conglomerate - thrust relation-

ship.

The Tendoy thrust sheet is made up of adison lime-

stone which is found resting on the Kootenai formation.

Towards the south end of the area the thrust transects

older beds and may be found in contact with the Tensleep
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Plate 5. North wing of Little Water Canyon syn-

cline. Triassic beds in foreground are almost verti-

cal. View looking north.
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sandstone. Immediately below the Madison limestone at

one place the Thaynes formation is in contact with the

Kootenai formation as a result of an imbricate thrust

from the main thrust. See Plate 10. The Tendoy thrust

sheet is discontinuous at several points where erosion

has cut through and left klippes of Madison limestone.

From these klippes the fault front has been reconstruc-

ted. Thrusting was towards the east or slightly north.

east, and places the Madison limestone over the folded

Paleozoic and Mesozoic strata. The thrust trace is not

readily apparent either north or south of the mapped

area and additional work would be needed to verify the

trace. The Madison limestone dips about 800 to the

west, and is cut off sharply on the western side by mid-

Tertiary high angle faulting.

A second phase of Laramide folding is recorded by

the Red Mock conglomerate. Broad open folds are most

characteristic of this phase of deformation and are best

seen in the conglomerate outcrops near Lima, Montana.

The effect of this folding on the Mesozoic and Paleozoic

sediments is unknown.

The age of the major folding; and thrust faulting in

the Tendoy Range has been placed as Laramide. The chief

evidence to support this age is that all Cretaceous and
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older sediments are deformed with about equal intensity.

This places deformation at least to Middle Cretaceous

time. The latest date for the orogeny is determined by

the Red Rock conglomerate. The conglomerate is consid-

ered to be Paleocene in age and was folded and eroded

prior to deposition of the Sage Creek formation of Upper

Eocene age. Laramide deformation probably extended from

Middle Cretaceous to Middle Eocene with deformation ac-

tive in three or four separate phases.

Fossil evidence has not been found in any Tertiary

formations of the Tendoy Range to support their age.

However from the evidence afforded by the sediments and

by the character of the structural features a hypothetic-

al sequence of events has been pieced together and ages

tentatively assigned to the major structural features.

Tertiary structures

High angle faulting was most characteristic of the

Tertiary structural development. Three distinct faults

which cut across all sedimentary beds may be seen in the

Tendoy Range. The Red Rock fault, the Muddy Creek fault

and another fault on the west side of Muddy Creek (See

plate 9) have sharply outlined the basins and ranges.

These faults follow the general trend of Laramide struc-
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tures. The east Muddy Creek fault extends from about

two miles south of Sheep Creek, north, past the northern

limits of the area. On the western side of Muddy Creek

the structure consists of two faults. The lower or east-

ern fault extends from about two miles south of Sheep

Creek to about one-half mile north of Sheep Creek. The

upper fault overlaps the lower fault and is about 600

yards west of the lower fault. The upper fault forms

the recent scarps in the Madison limestone and extends

from about one mile south of Sheep Creek for an undeter-

mined distance to the north. See Plate 9. The Red Rock

fault is traceable to the south at least to Lima (Pardee,

1939, p. 354) and to the north the trace is undetermined

past Little Water Canyon.

High angle faulting has sharply outlined the

basins and range in the Tendoy Range. The Range was

blocked out by the Red Rock fault and the Muddy Creek

fault, and raised as a horst block. Muddy Creek Basin

was outlined by the Muddy Creek fault and a fault on

the west side of the Creek, and the Basin was lowered as

a graben. Vertical displacement was greatest along the

Iuddy Creek fault, which tilted the basin beds about 150

to the east. Evidence of recent movement along the Red

Pock fault is afforded by the triangular facets in the

Red Rock conglomerate. See Plate 6.
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Plate 6. Triangular facets along Red Rock fault

socarp.



Normal faulting in the Tendoy Range did not -take

place until after deposition of the Muddy Creek basin

beds. The uniformly fine-textured elastics of the basin

beds indicate relief in the mountain masses was too low

for the mountains to contribute coarse clastics to the

beds, or the mountain was covered by the basin beds. In

either case, uplift of the Range was post-basin beds,

and probably of Late Miocene age.

PHYSIOGRAPHY

Physical features

The Tendoy Range is located in the Northern Rocky

Mountain physiographic province. The Range forms a

ridge about four miles wide and extends from the Beaver-

head Range near the Montana-Idaho border generally

northwest for a distance of 30 miles. Some peaks in the

range attain heights of 9,000 feet, and rise about 3,000

feet above the valley floor. Many parts of the range

exhibit flat or gently sloping summits, from which slopes

descend sharply down to valley bottoms.

The ranges of southwestern Montana do not show a

uniform trend. The Madison Range to the east and the
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Beaverhead and Lemhi Ranges to the west all trend gene-

rally north. East of the Tendoy Range the Tobacco Root,

Ruby, Snoworest, and Gravely Ranges all trend northeast

while the Centennial Range trends east. See plate 1.

The minor drainage of the area is largely by con-

sequent streams. The streams head in the mountains and

flow generally east or west into the basins. Muddy Creek

flows south parallel to structural trends, and drains

Muddy Creek basin. Sheep Creek, the master stream of the

area, heads in the Beaverhead mountains to the southwest,

and flows directly across the Tendoy Range to the Red

Rock River in the eastern basin. Sheep Creek is an an-

tecedent stream, and occupied its present position through

the Tendoy Range prior to mid-Tertiary block faulting.

When the horst block of the Tendoy Range was uplifted the

stream maintained its course. If Sheep Creek had origin-

ated after mid-Tertiary block faulting, the Creek would

have been deflected by the horst block and waters would

probably have found an outlet through the structural de-

pression of Little Water Canyon. A1rther evidence that

Sheep Creek was flowing in its present charnel prior to

high angle faulting is afforded by the high level gravels

(see page 46). The gravels are on a post-faulting sur-

face well below the crest of the range. At the time of
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of deposition of these gravels Sheep Creek was eroding

its present channel instead of developing in the Little

Water syncline.

Climate and vegetation

Southwestern Montana has an arid or semi-arid cli-

mate. The average annual rainfall is about 12 inches

(U. S. Weather Station, Dillon, Montana), which falls

mostly in the spring. Temperatures in the summer range

from 900 during the day to near freezing at night.

The Tendoy mountain region has a vegetation adapted

to the semi-arid climate. Most of the area is covered

by grass and sagebrush but the higher slopes and the

north slopes of stream valleys are usually covered by

small pine trees. Basins and lower stream courses usual-

ly have a profuse growth of sagebrush which in places

reaches a height of ten feet. The Red Rock River Basin

is entirely under cultivation, with hay as the main crop.

Waters from Sheep Creek and the Red Rock River are used

for irrigation. A few ranches where hay is grown are

found along Sheep Creek.

Animal wild life consists of deer, elk, antelope,

brown bears, marmots, rabbits, and numerous chipmunks

and mice. Birds, especially swallows that nest in the
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Madison limestone cliffs, are numerous. Several large

sheep and cattle herds are grazed in the Tendoy Range

each summer,

Erosion surfaces

About one mile north of the junction of Muddy Creek

with Sheep Creek is a high, fairly flat-topped hill.

Capping the hill are gravels composed of water-rounded

boulders of Flathead and Kinnickinic quartzite. This

surface is at an elevation of about 7,500 feet, and

about 1000 feet above the present valley floors. It is

cut across the tilted Mesozoic sediments. A similar

hill of about the same elevation was located one and

one-half miles south of Timber Butte. Erosion has dis-

sected the surface so that only rounded, boulder-strewn

hills remain.

This high surface may possibly be the same as a sur-

face seen on the uplifted horst block west of Muddy Creek

and also the surface on the Red Rock Mountains east of

Dell, Montana. The surface west of Muddy Creek was cut

across the Madison limestone, and the Red Rock Mountain

surface is cut across the Red Rock conglomerate. Evi-

dence is not available to establish this correlation.
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The surface on the east side of Muddy Creek was part

of the erosion cycle that followed high angle faulting.

The Tendoy Range horst block was uplifted and the basin

beds eroded off the highland area before development of

the surface, The surface has been tentatively placed as

middle or late Pliocene in age.

A well defined pediment surface is seen on the east

side of Muddy Creek about one mile north of the junction

of Trail Creek with Muddy Creek. These pediments slope

down almost to Muddy Creek, and are cut across the Muddy

Creek basin beds. The pediment surface is at a lower

elevation than the high erosion surface and was developed

at a later date than the higher surface. The pediments

have been placed in early Pleistocene period.

Glaciation

No evidence of glaciation was seen in the Tendoy

Range. However in the Nicholia Creek basin, 15 miles

southwest of the area, moraines of Bull Lake and Pine-

dale age may be seen. These glaciers originated in the

Beaverhead Range and moved out into the Nicholia Basin

a short distance, leaving several prominent lateral and

terminal moraines. This glacial activity failed to re-

sult in the accumulation of outwash gravels in the lower

Sheep Creek basin. No known glaciation took place in

the Red Rock River valley.



Plate 8. Early Pleistocene pediment surface on

the Muddy Creek basin beds, one mile north of the junc-

tion of Trail Creek with Muddy Creek. View is to the

south.
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TENTATIVE SUMMARY OF EVENTS

Erosion of present day surface
Present Movement along Red Rock fault

producing modern fault scarplets

Glaciation in Nicholia Basin
Erosion and development of pediment

Pleistocene surfaces
Regional uplift or renewed faulting
along Red Rock fault

Pliocene or Volcanism in Tendoy Range pro-
Pleistocene ducing volcanic breccias

Pliocene Erosion of high erosion surface

Late Miocene High angle faulting

Deposition of Muddy Creek basin
beds and Ruby Reservoir beds in

Miocene broad shallow basins
Volcanic activity in nearby areas

Oligocene Erosion to near base level

Deposition of Sage Creek formation
Upper Eocene accompanied by volcanism

Early and Mid- Erosion with formation of wide,
die Eocene intermontane basins

Late Paleocene Pblding and thrusting (?) of Red
or Early Eocene Rock conglomerate
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TENTATIVE SUMMARY OF EVENTS (CONTINUED)

Paleocene Deposition of Red Rock conglomerate

Late Cretaceous Folding and tewtst faulting (?) of
and early
Paleocene Mesozoic and Paleozoic strata

Fairly uniform sedimentation going
Paleozoic and on throughout area with only minor
Mesozoic to fluctuations between land and sea.
Middle Geosyncline developing by early
Cretaceous Mississippian and persisting

through Lower Triassic



50L

BIBLIOGRAPHY

Anderson, A. L. and Wagner, V_. R. (1944) Lead-inc.-

c2a pr Deosts of' the Birch Creek DisCriark

and Lemi Counties , IdsIdaho Bur. of ines and

Geol. Pamphlet 70.

Atwood, Wallace W. (1916) The PuiLU-i conditions

at Butte, Mont aa and Bi Cn n Utah whyn the

Copper2C e in these Districts were Enriched, Econ.

Geol. vol. 11s p. 697-740.

Bevan, Arthur (1929) Rock Mountain rteon in Montang

G. S. A. Bull. vol. 40, p. 427-"-456.

Boutwell, J. M. (1907) Stratigraph and Structu re of'

the Park City Mining District, I, Jour. of Geol.

vol. 15, p. 434--458.

Bowen, C. F. (1917) Phosphtic Oil Shales neair Dell

and Dil lon, Montana, U .S.G. . Bull. 66)1,, p. 315--

320.

Cobban, W. A. (1945) Marine Jurassic Formations of'

6eetgass Arch, Montana, Bull. A.A.P.G., vol. 29fpP.

12132-1303.'



Condit, D. Dale (1916) Relations of the Embar and Chu'--

wan Formations in Central Wyoming, U.S.G.S. Prof.

Paper 98, p. 263.

---------- (1918) Relations of Late Paleozoic and Early

Mesozoic Fbrmations of Southwest Montana and Adjacent

Parts o f voming, U.S.G.S. Prof. Paper 120-F, p.

111--121.

Corry, Andrew V. (1933) Some o Deosits of Broad-

water, Beaverhead, Phillips, and Fergus Counties,

Montana, Memoir 10, Mont. Bur. of Mines and Geol.

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

the Black Hills, Bighorn Mountains, and Rocky Moun-
tain Front Range, G.S.A. Bull. vol. 15, p. 379--448.

Dawson, G. M. (1885) Prelminar Report on the Physical

and Geological Features of the Portion of the Rocky

Mountains between Latitudes 490 and 510 30't, Canada

Geol. Surv. n.s., vol. 1, p. 126B--134B, 162B--167B.

Dawson, J. W. (1885) Notes and News, Science vol. 5, p.

531--532.

Kirkham, Virgil R. D. (1927) A Geolo ic Reconnaissance

of Clark and Jefferson and prts of Bute, Custer,

Fremont, Lemhi, and Madison Counties, Idaho, Idaho

Bur. of Mines and Geol. Pamphlet 19.



52

Pardee, J. T. (1911) Coal in Tentar Lake Beds of

Southwest Montana, U.S.G.S. Bull. 531, p. 229--244.

-.------- (1939) Post Tertiar Faulting of Intermon-

taine Basin -- Western Montana, Wash. Acad. of Sci-

ences, Journal, vol. 29, p. 354--355.

Peale, A. C. (1893) The Paleozoic Section in the Vici-

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

Perry, Eugene S. and Sahinen, Uuno M. (1946) Geologic

Reconnaissance g of a portion of Southwestern

Montana, ontana Bureau of Mines and Geology

Rich, John L. (1918) An Old Erosion Surface in Idaho,

Montana, and Washington -- is it Eocene? G.S.A.

Bull. vol. 29, p. 89--90.

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

Overthrust -- a Major Fault in Southeastern Idaho

and Northeastern Utah, Jour. of Geol. vol. 20, p.

681--709.

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

Paleozoic Stratigraphy in South-central Idaho, G.S.A.

Bull. vol. 45, p. 937--1000.



535

Scott, H. W* (1.935) Some Carboniferous Stratiraphg in

Montana and orthwes tern Wyomigv Jour.e of G eol.

vol. 43, p. l0Ua--1031.

Shenon, Philip %J. (1931) Gelg and Ore Deposits of
Bannock and Argenta, Mont ana, Mont., Burs of Mines

and Geo..Bull.* 8.

Umpleby, Joseph B. (1.912) An Old Erosion Surface in
I daho - is .,and Value as a Datum P lane,! Jour.e
of Geol. vol.o 20, p. 139-...147.

...... .. (1,913) G eo logy and Ore DQe s ta of L emhi

Con Idaho, U.S.G.S. Bull. 528.

4...W.44-0I.. (1917) Gej 2. and Ore Deposts of the Mac.-

SRegi- o Idaho, U.S.G.S * Prof. Paper 97.

Winchell,, Alexander N. (1914) Minng Districts of the

Di llon Quadarke, Montana, U .S .G .S . Bull. 574.



I UNIVERSITY OF MICHIGAN

IIIII~gI IN I 11 111 l 11 111d19 J1[ 00326 5843 '



Plate 9

EXPLANATION

Sed imentary rocks

r4Qol Alluvium
QUAT ER NARY

Qis Landslide

MIOCENE Tbb Muddy C

PALEOCENE Trr Red Roc

CRETACEOUS [Kk Kootenai

R 11 W RIOW
T

12
S

rimb..

Duff U"

B

Tr r o

R 9 W

S i

.reek basin beds

ck conglomerate

A I

C q

B - 0 '

B'e'

I , ,*,,, , A 1 '. - , '446%f 10 iv 19 IX 1 0 Np w
-- i

iformation a.

Trr -

Jr

-t
a

Alt *

IV

Cq

T
12
S

T
13
S

JURASSIC

TRIlASS IC

PERM IAN

l [_J rI

lid

Rierdon formation

Sawtooth formation

Thaynes formation

Woodside formation

Dinwoody formation

\.->

I / j

/ / 1

I %. i i rc it _9

^... .

-- 1 .
.. Ci "

^ A

i,

.Tbb

.A.-

/ ,1

j1/ o 
j

T I-

Kk

w'I
:r

T
13
S

. r I,~, .

'' -f T . ' ' /7I ail ! 1 1 P K,& 21 11c f

I I L L\ IAA_
1 2 1 a of i r- :% SA . i

a

i

-- e .

a

. Pmp

-T

i,.

,.

7

i: i f4w4 -I W " i '1l

A'
vo 0

'p

eF 1- 4^ 
rc

F -.. _,' It i. I
-

I

I

,.
Cm

O

?
. "

O

7 E

/ ,. ,

1

I( 'f \
i

i

._. ._..

,

T

® Phosphoria formation
i - =16 LA

(
Cq _. ' '

Cm

At-

%Cm

y r'

T

11At

Dion

Co

-.i

Trr

fi M==4-= x p. 44 i 1 11 1 1 1 1 i 0 AS yif, P,

7

T

Quadrant quartzite
1

CARBONIFEROUS Co Amsden

[CmjMadison

formation

limestone

' rbb

T ~Jr

Tv

4:
K

)." I \VI

i

8 
11

A I m -.4-4-

Cy .}- Sheep
/Pang..

Z

Creek
St ution

7

M

/ S

i A - . i - I --- .9-..-..k c i

.. '

N

0f 
6 4

ffa1l

JJ /

-V -11

is

IL~

- _

r

Cm?A I 1./. '
I i I i

Igneous rocks ' 3

T ERT IARY Tv basalt flows a breccia

/ .

1 '
I

i

" _ .

\
i." ; , -

II '
G7>

AL -
mp' I01 It i

T
14
S 7'

Y
Cm

is

.

I 1

.

'

i

rr

,J,

TbbJ

. Reach

T
14
S

'H
!-.*r

I, *~

Riiw RIOW R9W

SCALE
I 3/4 1 /2 /4 0

IN MILES N

2 3
/ 7 t / r

Planimetric Map from a erial photographs

Control, U.S. Forest Service Map of TNO
GEOLOGY OF PART OF THE

MOUNTAINS, BEAVERHEADT ENDOY COUNTY,

Beaverhead National Forest, 1947 MONTANA

BY H.H KRUSEKOPF 8 S.R WALLACE



9.

ti

J 

..

J

.

i.

;I.

4.

_

c

I.

':.

-- _

SK %z, '

Sib 1

xe-sx 0o1i
1=' 09.O



,.I

i

4
-

- '.a

..

I

1

tt

' - !

't

r I

!7

_ .' {

'

:.i
. _ _

j

±i

. :

_ _ 

. .

{

- - - .

-

v


