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ABSTRACT

The Tendoy Mountalins are in the southwestern part
of Beaverhead County, Montana. The area diacuasad is in
Te 13 Sep, Te 14 Sey, Re © Wey, Re 10 W, Only Mississipe
plian, Pennsylvanian, and Permian rocks are present but
Mesozoic rocks outcrop about two miles to the northwest.
The Tertiary is represented by the Red Rock conglomerate
(late Cretaceous or Paleccene) and the Muddy Basin beds
(Lower Miocene). The Mississipplian system is divided
into two formationsj the Amsden (Upper Mississippian)
is 2,022 feet thick, whereas the underlying Madison lime~
stone is about 10,000 feet thick. The Pennsylvanian sec-
tion measured 3,319 feet and the Permian measured 802
feet in thickness. The total thiclmess for the Mesozolic
section is 4,268 feet. No sections could be measured for
the Red Rock conglomerate or the Muddy Basin beds; how-
ever it is supposed that their thicknesses are about
2,000 feet and 1,000 feet respectively. The total thick-
ness for the formations that were measured in the area

south of Dell is 18,380 feet.



The Tendoy Mountains are formed by uplifted Paleo=-
zolc and Mesozolc rocks that were folded into a large
homocline in pre-Laramide time. This homocline trends
northwest-southeast and the beds in the Tendoy Mountains
dip generally southwest. In the Cretaceous the region
of southwestern Montana was again subjected to compres-
sional forces that producec the low angle Tendoy thrust
of Laramide age. This thrust sheet forms the southmest-
side of Muddy Creek Basin.

The Tendoys were again disturbed by faulting in the
late Miocene and Pliocene that produced.high angle block
faults. The structures formed at this time are of the
post-Laramide orogeny. There are three high angle fault
zones in the area; one bounds Muddy Creek DBasin on its
southwest side and another bounds the basin on its northe-
east side. The high angle fault on the southwest side
of Muddy C;oek Basin cuts the Tendoy thrust sheet. The
remaining high angle fault zone separates the Tendoy
Mountains from the Red Rock Basin., This fault is solely
in the Red Rock conglomerate and is of a slightly later
date (Pliocene) than the faults in Muddy Creek Basin
(late Eocene), Muddy Creek Basin and the Red Rock Basin

are both grabense.



The Muddy Basin beds lie unconformably against the
Permian and the Madison limestone on the northeast and

southwest sides of Muddy Creek Basin respectively.

In the early Pliocene an erosion surface was devel-
oped in both the Muddy Creek Basin and in Chute Canyon.
The erosion surface in Muddy Creek Basin was developed
after the high angle faulting had ceased, whereas the
erosion surface in Chute Canyon has been cut by the high
angle fault in that immediate area. This shows the fault-
ing in Muddy Creek Basin to be of an earller age than the
fault that bounds the Red Rock Basin.



IRTRODUCTION

Ob ject of report

The purpose of the report is to describe the geo-
logy of an area in the Tendoy Mountains of southwestern
Montana to determine its relations to the regional struc-
ture.

Location of area

The area studied covers 16 square miles and is lo-
cated 1n the Northern Rocky Mountain province in Beaver-
head County, Montana, Ts 13 Se, Te 14 S.p, Re 9 We, Re 10
We It 18 in the Tendoy Mountains which are a part of
the Beaverhead Range of southwestern Montana (ses index
map, plate 1). The area i1s about 38 miles south of Dil-
lon, Montana. The northeast side of the ares is a high
angle fault scarp rising abruptly out of the Red Roeck
Basin. It can be seen from U. S. Highway 81 and lles
about two miles off the road to the southwest,

The area 1s readlily accessible by roads or trails.

The entire northwestern side can be seen by driving up

-4-
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Sheep Creek Canyon road from the fault scarp to the junc-
tion of Muddy and Sheep Creeks.

Acknowledgments

The writer 1s indebted to Robert W. Becker who
worked in partnership with him on the mapping of the area
and the preparation of the geologic map; to Stewart R.
Wallace and Henry H. Krusekopf who provided helpful
stratigraphic columms not available in the writer's area,
and to Professor A. J. Eardley for his very helpful sug-
gestions and guidance in local and regional structure,
geologic history, and field procecures in nmapping.

Methods

Aerial photographs were the basis for mapping in the
field. Geologic contacts, faults, and formation dips
were recorded on the photographs exactly as seen at the
time of mapping. The photographs are from the United
States Department of Agriculture, Agricultural Adjuste
ment Agency, 145 Motor Avenue, Salt Lake City 1, Utah,
They are numbered as follows:

8 « 21 » 42 ww CXM « 10B - 22--27
CXM « 10B « 49--52
O w 1« 42 we CXM « 12B « 30==33
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The geologic map that accompanies this report in-
cludes both the writer's and the adjoining area to the
southeast mapped by R. W. Becker. The writer's area com-
prises approximately the northwest half which is bounded

on the west by Sheep Creek. See geologic map in pocket.

A radial line plot was first made from the photo-
graphs and then the section lines were located as well as
possible on the plot. These were then transferred to the
individual photographs where no section corners, fences,
or roads exist to mark the positions. The geologic map
(in pocket) was then drawn from the photographs, using a
multiscope, at a scale of two inches toc the mile. The
method followed is that outlined by Eardley (1942, ppe.
49-=="70) «



STRATIGRAPHY

General statement

The following general stratigraphic column 1s com-
plete for the formations found in the four areas in the
Tendoy Mountains mapped by Wallace, Krusekopf, Becker,
and the writer near bell, Montana. Only the four sys-
tems found in the writer's area and their formations are
discussed in detail; these inelude the Mississippian
Madison and Amsden, the Pennsylvanian Quadrant, the Per-
mian Phosphoria, and the late Cretaceous or early Ter=-
tiary Red Rock conglomerate and the Muddy Basin beds

{lower Eiocone).

The entire stratigraphic eolumm could not be meas~
ured in one locality but, with the exception of some
covered intervals, it was possible to obtain a fairly
complete section which is discussed on the following

pages.

The contacts between formations were determined
malnly from information on stratigraphy and lithology
learned at Camp Davis in the Jackson Hole area of

-8 -



General stratigraphic columm for the

Tendoy Mountains southwest of Dell, liontana

Age

Formation

Description

Thickness
in feet

Lower

Miocene

Muddy
Basin
Beds

Conglomerate, gray
to light tan with
reddish zones, light
colored volcanic
tuffs.

1,000 + ?

Late Cre-
taceous or

Paleocene (7).

Red Rock
conglo-
merate

Conglomerate, red,
yellow, matrix, blue
1s. fragments. Cone
glomerate polished
quartzite boulders -
with limy cement.

2,000 ¢ ?

Lower
Cretaceocus

Kootenay

Sandstones, salt and
pepper, alternating
with red, brown, and
purple shales.

2,201

Lowey

Jurassic

Reardon

Limestone, gray to
buff, oolitic, and
shales, browne.

118

Sawtcoth

Shale, light gray to
buff, siltstone,
brown, interbedded
wlth brown limestone.

2562

Upper
Triassic

Thaynes

Limestones, buff to
tan, dark to light
gray, siltstone, tan
to gray. Penta=
erinus in one lime-
atone unit.

792

Middle
Triassic

Vioodside

Hostly covered,
brown shales, light
gray sandstones and
limestones.

354

Lowey

Triassic

Dinwoody

Mostly limestones,
gray, gray brown,
brownish red, with
some shales, gray
and reddish.

5563




Age

Formation

Desoription

Thickness
in feet |

Permian

Phosphoria

Doloml te and ohert,
dolomite white to
dark gray, chert
bluish, greenish,
and gray. Lime-
stone, yellowish
tan, siltstone, red,
limestone and chert,
gray to tan, chert
light colored.

802

Pennsylvanian

Quadrant

Sandstone, white to
buff, and tan quarte
zite, gray to buff,.
Lineatone, gray.

3, 9519

Upper
Mississippian

Amsden

Limestone, light to
dark gray, buff to
tan sandstone,
light tan to light
brown shales.

2, 022

Mississippian

Madison

Limestones, bluish -
no measured
gaction.

10,0005_-_11
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Wyoming. The general stratigraphy was unknown to all of
the group who mapped the four ereas near Dell.

The sections were measured by using the height of
eye and Brunton Compass set at the measured dip of the
beds. The final thickness was found by multiplying the

natural cosine of the dip times the measured thicknesse.

Mississipplan system

Madison formation.=- This formation was first des-
eribed by A. C. Peale (1893, ppe 32-43) in the Madison
Range in the central part of the Threeforks quadranglse,
Montana. It is of Lower Mississipplan age and is known
in Yontana, Wyoming, Idaho, and northern Utah., The type
section oonsists (in descending order) of massive jaspery
limestones, 575 feet; light bluish gray massive lime-
stones, 350 feet; dark colored compact laminated lime=~
stones, 325 feet. It overlies the Devonian Threeforks
shale, and underlies the Pennsylvanian Quadrant for-

matione.

The Madison formation could not be measured in the
writerts area or in its immedlate vieinity. The only
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exposures were ln zones of folding near the northeast or
front part of the area. The beds were crushed and tight-
ly folded and dips up to 680 degrees were measured along
the lMadison-Amsden contact. The contact is not clearly
distinguishable and is thought to lle along a high steep
ridge that trends northwest-southeast across the arsea.
The general dip for the whole section is probably 38 to
40 degrees, and the thickness about 5,000 feet. However,
due to folding and erushing, neither of these can be de-~
termined accurately.

The lower contact of the Madison, if conformable,
would be with the Upper Devonisn Three Forks formation.
This is completely'buriod by the Red Rock conglomerate
which blankets most of the Madison formation, except for
the beds exposed along the high ridge. The conglomerate
18 in sedimentary contact over the Madison.

The Madison was measured by Robert Kupsach and Walter
Scholten about ten miles to the scuthwest of the writer's
area, in the Beaverhead Range, Montana. They measured
4,000 feet of HMadison and estimated the total thickness
to be 10,000 feet. They found a very thick section of
black limestone that is not found in the writer's area;
this black limestone 18 assumed to be of Madison age
(personal commmnication).
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Amsden formation.— N. H, Darton (1904, ppe. 394w
40l1) named the Amsden formation for the Amsden Branch of
the Tongue River west of Dayton, Wyoming. The beds are
red shales, white limestones, cherty and sandy limestones.
The thiclmess ranges from 150 fcet to 350 feet. It overe
lies the Little Horn limestone (namc now replaced by the
Madison limestone) without any apparent unconformity,
and underlies the Tensleep sandstonee.

Wilmarth (1938, p. 2398) states the age of the Ams-
den to be Pennsylvanian with some Mlasiasippian locally.
In Jackson Hole, VWyoming, the contact between the Missisg-
sippian and Pennsylvanian is considered to lie somewhere
in the Amsden (H. R. Wanless, personal corrmnication).
However Scott (1935, p. 1032) positively states it to be
Misaissippian on stratigraphic and paleontologic evidence.
(See also Scott, 1935, p. 1030, table VI).

The Amsden formation was measured in the NV 1/4,
section 36, T. 13 S., R. 10 V., about 500 feet north from
the Sheep Creek Ranger Station, Beaverhead County, lone-
tana. The section, measured by Henry Krusekopf and Stew-
art Wallace, and in the former's area, 1s given below.
The measuring started about 100 feet up from the road at
the conformable Madison-Amsden contact. The complete
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section was measured on the northeast side of an exposed
hill. The lower beds of the Amsden were better exposed
than the upper ones. The contact between the Madison and
Amsden was clear but the upper contact, between the Ams~
den and the Quadrant which overlies it conformably, was
partly obscured by vegetation and Quadrant talus.

The sectlon has a uniform dip throughout of 32 de-
grees west., The Amsden was divided into 29 units, with
a total thickness of 2,022 feet. The units were in gen=-
eral well exposed but there were 466 feet of covered ine
tervals, units 16, 24, and 26.

The Amsden is composed mostly of grayish limestone
and shales with brown to orange sandstone beds scattered
throughbut the section. Where the section was measured
the formation was not crushed or tightly folded as in

the writer's area.

Fosslils were found in three of the shale beds: pele-
cypods in beds 2 and 15, productids in bed 12,



26.
25.

24.
23.
22.

2l.

19.
i8.

17.

18.

15.

15

Amsden formation measured in NW 1/4, section
38, Te 13 Sey, Re 10 W,

‘Limestone, dark gray weathering to light gray,

fine grained ._.. comme 240!
Sandstone, light tan, friable e e 6.0!
Limestone, dark gray weathering to light gray,

finB g:'ained - - G W P WD G A GR GP G WD S P WS 800'
Covered interval ———- 58.0?
Limeatone, dark gray weathering to light gray,

messive, dense ... 10.0!
Covered interval - ——— 139.,0!

Limegtone, gray, weathering to buff color,
orystalline, well bedded, and containing
numercus thin bands of dark chert 43,.0!

Shales, gray, grading upwards into brown
shales. Upper part of bed is covered weaceecene 389.0!

Sandstone, light brown, thin bedded, calca-
reous. The bedding planes are very well
developed but some of the beds are consid=-
erably thicker than othera. In places

weathers to reddish purple color 120.0!
Sandstone, tan, weathering to rusty brown

color, massive, friable wommee  24,0!
Covsred interval - Tensleep talus . 269.0!

Limestone, gray, finely crystalline and con-
taining numerous organic fragments eeeececsaweee 120!

Limestone, dark gray, weathering to buff, ar-
gillaceous, thin bedded with some interbedded

Limestone, gray=-brown weathering to buff,
finely ecrystalline, fossiliferous .. 62.0¢

Shale, gray, thin bedded, calcareous, con-
taining numerous pelecypods - 80,0t




14.

13.

11.

10.

9e

8.
Te
Be

S5
4.
Se

2.

1.

Sandstone, light tan weathering to orange-
buff, hard, quartzitio ——

Shales, gray, calcareous, thin bedded - a0

Limestone, dark gray, weathering to buff,
crystalline and contalning productids aeececea-

Gray shales and limestones alternating and
grading upward into brownish and buff
colored beds -

Argillaceous limestones and dark gray shales,
weathering to light gray, thin bedded and
caleareous, alternating. Contains some
darker shale members with occasional

fragments of gypsum .. - -

Limestone, medlium gray, medium grainad,
highly fractured . -

Shale, dark gray weathering to light gray,
caleareocus, thin bedded with some inter-
bedded argillaceous limestones

ILimestone, light to medium gray weathering
to buff; finely crystalline; highly fractured
with fractures filled with secondary calcite -

Shale, dark gray weathering to light gray,
calcaresous, thin bedded, with some inter-
bedded arglllaceous limestones .. -

Limestone, gray, thin bedded, argillaceous ...
Limestone, buff colored, thin bedded, 8ilty ..

Limestone, dark gray, fine grained,
petroliferous 0doy ....

Shale, gray weathering to lighter gray, thin
bedded, calcareous, contains pelecypods ecewcew

Limestone, dark gray weathering to bufr,
dense, compact

16

3.0?
29.0!

21.0!

106.0!

245.0!

29.0°
67.01
14.0!

43,01
67401
10.0¢

4.0?
86,0'

48.0!

Total thicknoas —mnensne 2022.01

The Amsden formation conformably overlies the Madison
limestonse.
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Pennsylvanian system

Quadrant formation.-~ The name Quadrant was first
used in print by A. C, Peale (1893, pp. 32-=43) after a
field conference with I, P. Iddings and W. H. Weed,
prior to 1883. Peale used the name for rock strata in
southern Montana which he thought to be the same as the
type section on Quadrant Mountain (Scott, 1935, p. 1013).
The Quadrant formation was named not by Peale but by Id-
dings and Weed while working out the geology of the Gal=
latin Range (1883—93). The type section is on the
southeast corner of Quadrant Mountain in the northwestern
part of Yellowstone National Park (Iddings and Weed, 1899,
Pe 33).

In 1935 H. W. Scott revised the type section of the
Quadrant and restricted the use of the name., Scott
(1935, pe. 1015) gives the following definition: "Under
the heading 'The Quadrant Quartzite' the Quadrant fore
mation was originally described as consisting of white,
yellowish, and ooeaaipnally pink beds of quartgite, with
intercalated beds of drab saccharoldal limestone. At the
type locality the Quadrant lies between the top of the
Amsden and the bottom of the Phosphoria formation."
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The ma jor consequence of the revision (Scott 1935,
pPe 1014) is that gzone 13 in the type section, called
"talus” belongs in the Amsden and not in the Quadrant.
Scott also shows that the formation overlying the Quad-
rant may be eilther Permian or Jurassic, but the under-

lying rcrmatién 1s always the Amsden.

At the type locality the Quadrant is about 230 feet
thick; other localities in Nontana show the following
thicknesses: 20 miles north of Cinnabar Mountain, 125
feet; Livingston, 140 feet; near Bozeman 88 feet; west
of Eustis 160 feet; Lombard about 100 feet; and west of
Taston less than 75 feet. In central Montana Reeves
(1931, ppe. 135-=149) found that the formation is absent,
but in the Snow Crest Range to the south, Condit (1918,
Pe 111) found the thickness to be as much as 1000 feet.
The above data therefore show a thinning of the Quadrant
north and east of the type locality and a great thicken-
ing to the west. Eardley (19847, p. 311) also confirms
this.

Scott (1935, p. 1019) states that "The Quadrant
quartzite is unquestionably a westward extension of the
Tensleep sandstone. Geologists working westward from
the type locality of the Tensleep invariably classify
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the quartzite in south central Montana as Tensleep; where-
ag those working northward and eastward from Quadrant
Mountalin identify the same zone in the same section as the
Quadrant formation." Scottta revised type section (1935,
p. 1017) shows a general similarity to the section in the
writer's area. He (1935, pp. 1018=1019) states that

"the eoclian characteristics in the Big Horn Mountaina
gradually give way to the true marine characters, and at
Quadrant Mountain at least 95 per cent of the formation
represents marine deposited or reworked material. That

~ a marine environment existed at the time of deposition

of the Quadrant rocks is clearly indicated by excellent
bedding, marine cross bedding, siliceocus limestone, and

marine fbésila."

The Paleotectonic map of the Late Pennsylvanian
(Eardley, 1947, p. 311, fig. 2) shows the 1000-foot line
of depression funning close to the Snow Crest Range area
where Condit reports 1000 feet of Quadrant. This, plus
the cross bedding found in unit 1, suggests the required
marine environment. The overall general color conforms
more to the Quadrant than to the Tensleep. I¢ therefore
seems advisable to call the rock formation lying under
the Phosphoria (Permian) and over the Amsden (Mississip=-

pilan) the Quadrant formation.



The Quadrant formation in the writer's area was
measured in Hidden Pasturs Creek, which is one half mile
southwaest of the Sheep Creek Ranger Station in the east
half of section 36, T. 13 S., R. 10 W,, Beaverhead Coun-
ty, Montana. The section exposed here was not ideal for
measurement but it was the best that could be found in
the vicinlty of the writer's area. The formation was
divided into 12 unita which show a total of 3,319 feet
of thiclmess. The underlying Amsden and overlying Phos=
phoria formations were both aufficiently exposed to show
the contacts.

The beds have an average dip of 45 degrees, striking
N. 80° W, The lower four units (l--4) were measured
using 50° as the dip. However, somewhere in unit 4 the
dip began to decrease and at the outerop of unit 5 the
measured dip showed a decrease of 10 or 40 degrees,
striking N. 80° W. Units 5 to 12 were measured using 40
degrees as the average dip. The valley walls in most
places show falrly good contacts, but the abundant Quad-
rant talus and vegetation could well have obscured thin
soft beds. The Quadrant is easily distinguishable at
any distance by the huge talus slopes, mostly covered by
black lichens, produced by weathering.
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12.

1l.

10.

9.

8.

7.

6.

Se

4.

2.
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The detalled section measured in the neighboring

is as follows:

Quadrant formstion measured in E. 1/2,
Section 35, T. 13 So’ RO 10 ?\{0

Sandstone, dark gray, msassive, calcareous

cement .. cmen 263t
Covered interval; dolomite and chert

layers present 280.9°?
Limestone, more pitted than before,

otherwise similar - 8.8"

Limestones, finely crystalline, dense,
slightly pitted, gray to light tan,
weathers white to tan -e 50!

Dolomite, dense at base, white to light gray,
chert near the top, sandy - 54,97

Sandstone, soft, white, easily weathered,
forms rolling slope 131.0°

Sandstone (first exposure), dense, white to
light gray, weathers to brownish tan, be-
comes light tan toward the top 1724.9°"

Sandstone, friable, massive, dark tan,

weathers to yellowish tan. Many black

lichens covered talus slopes near and

toward the top. Partly covered? 913.8!

Sandstone, friable, massive, light tan,

weathers to light gray, interbedded with

2=inch thin layers more quartzitic and

slightly dolomitic near the center. Also

another member of quartzitic, slightly

dolomitic sandstone near the top ——— 109.4!

Sandastone, quartzitic, very denss, gray to
buff, weathers to tan, thinly bedded with
thin 3=-inch shaly sandstone layers -— S5.0¢




1. Sandstone, white to buff, friable, mottled
slightly reddish, fine well sorted sand,
weathers to light gray, becomes more dense

Total thickness ————————— 3319,.11!

Permian system

Phosphoria formation.e—- The Phosphoria formation was
named by Richards and Mansfield (1912, pp. 683==-689). It
consists mostly of phosphatic shales, with some thin lime-
atqna beds and the Rex Chert member at thg top. The for-
mation was named for Phosphoria Gulech, which joins George-
town Canyon 2.5 miles northwest of Meade Park, Idaho. In
the Bannock overthrust region of southeastern Idaho and
northeastern Utah, the thickness of the formation ranges
from 75 to 827 feet, and that of the Rex Chert member
from very little to 450 feet. The Phosphoria is overlain
by the Woodside shale (Triassic) and 1s underlain by the

Wells formation (Pennsylvanian).

The Phosphoria formation was measured in a creek
valley one mile southwest of the Sheep Creek Ranger Sta-
tion, section 355, T. 13 S., R 10 V., Beaverhead County,

Montana.
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The section was divided into 20 units with a total
thickness of 802 feet, 108 fect of which were covered by

talus and vegetation.

The dip varled only three degrees throughout the
formation; units 1 to 12 were measured at 40 degrees
striking north=south and flattening slightly until unit
13 was encounterecd dipping 37 degrees, and striking northe
south; units 13 to 20 have an average dip of 37 degrees.
The creek vallsy runs generally perpendicular to the
strike so that the measuring ocould be done in the dry
ocreek bed. The walls of the valley showed good outerops
in places that were not covered by vegetation and the
underlying Quadrant quartzite talus. The latter rises
topographically higher, due to fbiding and resistance to
weathering.

Between the road and the lower Phosphoria«~Quadrant
contact there are approximately 800 feet of covered or
partly covered Quadrant exposures. Bslow the base of the
Phosphoria thirty feet of Quadrant may be seen and thus
the contact between the two formations is well displayed.

The contact between the everlying Dinwoodie (Lower
Triassic) and the Phosphoria is obscure, except in the



24

c¢reek bed. Also the Triasslic section can be seen but is
too well covered in most places to permit continuous
measuring in the loecality.

There are three good marker beds in the Phosphoria
formation: a red sandatone, 45.1 fect thick (unit 14)
near the middle of the formation; a dolomite bed with
chert conoretions 8.4 feet thick (unit 12); and near the
topy; a hard massive dolomitic limestone 191.6 feet thick
(unit 19), possibly the equivalent of the Rex Chert mem-
ber. The red sandstone is the most outstanding marker
ved because of its color which makes it visible at long
distancese.

The detalled section measured in the neighboring

area is as follows:

Phosphoria formation measured in Seection
35, Te 13 S., Re 10 W,

20, Limestone, tan to medium gray, weathers
medium gray, very hard, fine grained, crys-
talline, partly covered, mottled with white
calci te spots 10.0°?

#19, Dolomite and chert, gray, massive, fractured,
hard, weathers gray with slight red brown
color, slight limonitic stains, also thin
limeatone beds interbedded. Forms a vertical
prominent cliff in one place but is partly
covered in other places . 191.6°¢

% Marker bed.



18.
17.

16.

15.
#14.

#12.

11,

10.

9.

8.
7.

Covered interval -

Sandstone, moatly covered brewnish sandstone;
the sandstone weathers into small angular
talus. Some chert present -

Limestone, massive, hard, gray, weathers
light yellowish tan

Shale, light buff in color, mostly covered .=

Siltstone, red, very slightly limy, rather
hard, forms small cliffs over the tan lime~
atone; massive at top and bottom and thin
bedded between -

Limestone, yellowish tan, friable, fine
grained, thinly bedded, also more or less
massive in places

Dolomite, dense, medium dark gray, weathers
light gray, chert is bluish, greenish and

dark gray tconcretions), some lime present,
hard, also some chert lenses that resemble

angular conglomerates

Sandstone, calcarecus cement, {ine grained,
hard, light gray, weathers buff to medium
gray, faint light gray or white color bands

Dolomite, contains a few chert concretions,
sandy, light gray to white, weathers same,
hackly weathered surface, massive but well
frastured, horizontal Joints, more chert

lenses near the top

Covered interval -

Chert, gray green -

Limestone, hard, slightly sandy, dark gray
green, weathers gray, occasional thin chert
layers, massive

3+ Marker bed.

88.0°

66.0"

15.7!
31.61

45.1!

10,0°?

B.4!

6.3

92.61
11.7¢
0.8?

6407
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exposed in the writer's area.
pected to be present in the subsurface.
tion (Plate 5).

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 becomes less limy and
the chert layers disappear and become con=-
cretions and are a little darker ..

Chert and dolomite; chert is medium dark
gray, dolomite is light gray, more chert
than dolomite ‘

Covered interva;

Sandstone, more limy near base than near
top, fine grained, hard, massive, light
gray, weathers same, few calcite stringers
throughout bed - -

Limestone, light gray, contains chert that
is dark gray; the chert is in large cone
cretions in the limestone. ILimestone 1is

very fine grained, hard, and massive waceceee

Dolomite, sandy, very fine grained, weathers
light gray, gray buff .

Total thickness eeemee-

Triassic system

26

76,3?

12.5¢
8.4!

44.5*

71.61?

5.0!
802.1°

General statement .~ The Triassic formations are not

They are, however, sus-
See cross-sec~

In the areas mapped by Wallace (1947,

ppe. 18==23) and Krusekopf (1947, pp. 21=26) three for-

mations of the Triassic are exposed; these are the Dine

woody, Woodslide, and Thaynes. The complete Triassic sec-
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tion was measured by the writer and Robert Becker in

W 1/2 section 26, T. 13 S., R. 10 W., Beaverhead County,
Montana. As shown on the cross section A « A! Plate 5
and the writer's sequence of events (page 45 eof this re-
port) the Triassic formations provided the surface over
whieh the Tendey thrust moved. It is suspscted that the
Madison limestone of the Tendoy thrust immedlately over-
lies the Triassic below the heds of the lMuddy Creek Basin
and the area to the southeast; also, that the Permian and
Triassic beds are in conformable contact in the same lo=-

calitye.

Dinwoody formatione.-- The Lower Triassic Dinwoody
formation is composed of gray-brown to reddish limestones
and shaly limestones, and gray to reddish shales. The 33
units together have a total thickness of 553 feet, 220
feet of which are covered.

Woodslde formation.-- The Mlddle Triasslc Woodside
formation conformably overlies the Dinwoody formation and
underlies the Thaynes formation without unccnformity. It
is composed of brown shales that are mostly covered and
light gray sandstones and limestones. The formation has
been divided into 19 units, and together these total 354
feet inkthicknass,'zso feet of which are covarod.‘



28

Thaynes formation.-~ The Upper Triassic Thaynes for=
mation conformably overlies the Woodside formation, and
underlies the Sawtooth formation of Lower Jurassic age.
It is composed of buff to tan and dark to light gray
limestones, and tan to gray siltstones. Unit 5 contains

numerous Pentacrinus and its surface is covered with lie-

chens; unit 16 1s fossiliferous. The formation is com-
posed of 17 units; thelr total thickness is 792 feet, 406

feet of which are covered.

Jurassic system

General statement.-- The Jurassic system in the areas
southwest of Dell is composed of two formations. The Saw-
tooth, of Lower Jurassic (Lower Ellis) age, and the Rear-
don, also of Lower Jurassic (Mid-Ellis) age, are the only
representatives of the system 1n the area. There is a
possibility that the Morrison formation, of Upper Juras-
sic age 18 present; if so, it 1s represented by unit 1
of the Kootenay formation. The Swift formation is not
represented in the general area so far as the writer

knows .,
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Sawtooth formation.=- The Sawtooth formatien is come-
posed of three units. Unita 1 and 2 are composed of
light gray to buff shales, and brown siltstone, the lat-
ter interbedded with brown limestone. The third unit is
completely covered. The total thickness of the formation
is 252 feet. The Thaynes formation conformably underlies
it and the Reardon formation conformably overlies it.

The section was measured by Wallace and Krusekopf in the
south half of section 22, T. 13 S., R. 10 W.

Reardon formation.=- The Reardon formation is com-
posed of four units of which two are gray to buff oolitic
limestone units, one is a light brown shale unit, and one
a covered interval. The Reardon formation is unconfore
mably overlain by the Kootenay and conformably underlain
by the Sawtooth. The total thickness is 118 feet, of
which 78 feet are covered. It was measured by Wallace
and Kruselopf in the west half of section 10, T. 13 S.,
Re 10 W,

Cretacsous system

Kootenay formation.-- The Kootenay formation of
Lower Cretaceous age lies unconformably over the Sawtooth
and unconformably underlies the Tertiary Basin beds of



30

Huddy Creek Basin. There are 35 units in the formatione.
They consist of numerous salt and pepper sandstones al-
ternating with red, brown, and purple shales. The total
thickness is 2,20]1 feet, of which 1,030 feet are covered,
Wallace and Kruselkopf measured the section in the east
half of section 2, Te 13 S., R. 10 W,

Cretaceous or Early Tertiary formation

Red Rock conglomerate.-- The Red Rock conglomerate

was deposited during the early part of the Laramide Rev-
olution before the Eocene and following the folding that
produced highlaﬁda to the weat (plate 4, fig. 2). The
exact age of the conglomerate is unknown and as yet no
fossils have been found in it. However, as the sequence
of events (pasev45) was worked out, its most logical po-
sition seems to be following the first movement of dia~-
strophism in the Laramide Revolution. The conglomerate
is composed mainly of poorly sorted, blue limestone peb-
bles, rounded to subangular, probably of Madison age,
with a friable red matrix of limy sandstone with lenses
of friable, tan, limy sandstone, both possibly from the
Phosphoria. In the only good exposure seen the blue
limestone pebbles are found only in the red sandstone
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matrix but not in the tan sandstone which is found in
layers and as small lenses within zones of pure red sand-
stone, In some areas it 1ls well cemented and forms prom-

inent cliffs and hills,

The two cross sections of Plate §, A - A and B - Bf,
show the conglomeraté as ljing unconfbrmably on top of
the Madison. Cross section B - B' shows the Madison pro-
Jeeting through the conglomerate some distance to the
northeast of the last exposure on the high ridge. The
conglomerate therefore appears to have been deposited in
a cup like depression in the Madison. The total thicke
ness of the conglomerate may be as much as 2,000 + feet
but at the contact of the conglomerate and Madison in
Chute Canyon the conglomerate completely wedges out.
There were no exposures of enocugh magnitude to permit a

measurenent or even an estimate of the total thickness.

The conglomerate dips in two directions, approxi-
mately 26 degrees NE and 20 degrees SW, The reason for
these two opposed dipa is unlnown to the writer; because
of lack of exact knowledge it is difficult to make any
direct statements concerning its history.
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In the same area there is also a conglomerate com=-
posed of rounded, polished, quartzitic boulders. The
cement is slightly limonitic and is grayish in color.

At the head of Chute canyon, on the southeast side, this
conglomerate 1s in sedimentary contact with the Madiaon.
To the northwest, along the northeast side of the high
ridge at the head of Chute canyon, and seemingly at a
lower elevation, the Red Rock conglomerate is in sedimen-
tary contact with the Madlison. Here there is no sign

of the quartzitic conglomerate. Whether or not this
quartzitic conglomerate should be considered as a part of
the Red Rock conglomerate is not known because much vege~
tation cover conceals any contact that nay exist between
the two., Thelr relationship mist remain obscure until
good contacts have been found by further investigation.
The high hills back of thes triangular facets to the
southeast of Chute eanyon appear to be composed of these
hard quartzitic boulders near the tops of the hills and
the Red Rock conglomerate is exposed only farther down
the slopes of the hills.



Tertiary system

Muddy Basin Beds.== The Tertiary Basin beds in Muddy
Creek Basin were probably deposited during the Lower Mio-
cene. The beds consist of gray to light tan conglomerate
with reddish zones and light colored volcanic tuffs. In
places the red color is very prominent and can be traced
as a distinet zone over short dlstances. The formation
as a whole is poorly cemented and forms only low rolling
hills in the southeastemm part of the basin. In the
northwestern or upper part of the basin light colored
volcanic tuffs are exposed along the sides of the basin
{see plate 2). Muddy Creek, at the present time is
eroding these tuffs and the water is clouded by the sus-
pended particles, hence the name Muddy Creek.

There are beds of shale in the formation that con=-
tain sbundant plant remains. One of these beds outcreops
on the northeastern side of the basin. Many plant leaves
and stems were found but none sufficiently well preserved
for identification. Bowen (1917, ppe. 31S5==320) published
the first account of Muddy Basin. He found Sequola
leaves in the shales exposed on the eastern side of the
basin. Whether or not the shales mentioned by Bowen are
the same as those described by the writer is not known.
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The Basin beds lie unconformably agalnst the Madison
thrust block on the southwestern side of Muddy Creek
Basln, whereas on the north side they lie unconformably
against and over the Phosphoria. The Basin beds overlie
the Phosphoria in a sedimentary contact where the fault
dles out in the southeastern part of the basin (see.geo-

logic map, in pocket).

W. P. Haynes (1916, pp. 270=-=290) shows that the
original name "Bozeman Lake Beds" of Peale (1893, pp.
32-=43) 18 not correct. In the Threeforks reglon he
found the beds to be subaerial and fluviatile deposits
chiefly of MMlocene and in places Cligocene age. The
Bozeman beds there are chiefly conglomerates, sandstones,
clays, and volcanics. Iddings and Weed (1892, ppe l=—4)
found conglomerates, sandstones, clays, marls, and vol-
canic dust to make up the Bozeman Beds in Gallatin Val=-
ley. The Bogeman Beds were named for the town of Boge~
man, Montana. The thiockness exposed in the quadrangle
is about 1200 feet.

W. We Atwood (1916, p. 705) states that the Bogzeman
Beds around Butte, Montana, may be in part lacustrine but
for the most part are great alluvial outwash deposits.

He divides the formation into upper and lower divisions,
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the latter being of Oligocene age (page 706) and the up=
per of Pliocene age (page 712). On page 706 1s a general
outline for the physliographic events of the Butte area.
His major events agree with the writer's sequence of

events (page 45 of this report).

There 18 a very close similarity between the type of
sediments found in Muddy Creek basin and those of the
Bozeman Beds cecscribed in the papers cited. This fact,
plus structural evidence (page 45 of this report) seems

to place the lMuddy Basin beds in the Miocene.



STRUCTURAL GEOLOGY
General statement

The structures of the Tendoy llountains are the res-
ult of two disturbances; the first known as the Laramide
orogeny, came In the late Cretaceocus and was character=
1zed by folding and thrusting; the second, in the mid-
Tertiary, is characterized by highwangle block faults
which cut the earlier Laramide structures.

As shewn in Plate 4, fig. 1, the whole area of
southwestern Montana and eastern Idaho was depressed
during the Mesogoic and Paleozoic eras. DBy the close of
Cretaceous time at least 18,000 feet of sediments had
accumlated in the site of the present Tendoy Mountains.,

The formations in the geosynclinal area, before dis-
turbance began, are represented by Plate 4, fig. 1. The
beds are thick and appear to be flat lying with a slight
thinning to the east as the shelf area is approached.

For the upper four Paleozoic systems, Lemish (1947, p. 8)
shows only 4,868 feet of thickness as compared with ap-
proximately 16,000 feet in the yriter's area.

-37 -



Lararide orogeny

The first phase of the Laramide orogeny (Plate 4,
fig. 2) was the folding and creation of highlands to the
west, that is, the mountains of southwestern MHontana and
eastern Idaho. In the Tendoy Hountain region compres-
sional forces folded the Mesozoic and Paleozolc rocks in-
to a homocline that trends generally northwest-southeast.
The general dip for all the beds in the Dell area 1is
southwest. The next stage, represented in part by Plate
4, fig. 2, was the depcsition of the Red Roek conglome-
rate (No. 3, page 45) in the Red Rock Basin to the

northeast.

In the area mapped by Vallace (1947, pp. 36==37,
plate 3) there is a minor syncline present, the axis of
which is at an angle to the main trend of the homocline
that produces the uplifted Mesozolic and Paleogoic rocks
in the writer's area. VWallace and Krusekopf have called
this structure the Little Water Syncline. This period
48 number 4 in the sequence of events on page 45 of this

report.

The Amsden and Madison formations, wherever exposed
in the writer's area, are badly crushed and tightly |
folded. As shown in the cross-section (A = A', Plate 5,
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in pocket) the upper Paleozoic strata lie eonformably
above one another and all have a more or less uniform
dip in the same direction. However, the Phosphoria and
Quadrant are not crushed or tightly folded as are the
Amsden and Madison. This crushing suggests the possibl-
1ity of overthrusting tc some extent, the thrust plane
lying somewhere in or below the Madison. (See northeast
end of cross section). Overthrusting seems possible for
the area because the Madison 1s thrust over the Triassic
south of the Muddy Creek Basin (see cross-section, south-
west side). The Madison there is crushed and folded in
the same manner as the Amsden and lMadison near the front

of the writer's area.

During the period of erosion following the uplift of
‘the western highland more compressional forces accumilated
and the Madison formation broke and was thrust over the
Triassic during the Paleocene. The limestone wherever
exposaed is crushed and tightly folded, showing evidence
of drag on the overriding sheet. This low angle fault
is here called the Tendoy thrust. The thrust moved from
the southwest to the northeast, but at the present time
the amount of horizontal displacement cannot be measured.

On the oross section the Tertiary period of high angle
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block faulting is shown cutting the Tendoy thrust. Ero-
slon has cut back the thrust sheet to its present site;
however, the most northeasterly extent of the thrust
sheet in the immediate area is marked by a "klippe" of
ladison limestone lying unconformsbly over the Juadrant
in the area irmediately to the southwest (Krusekopf, 1947,
Pe 40).

Another period of arosion (No. 7, page 45) began af-
ter the Paleocene thrusting, and following this the Red
Rock conglomerate was folded (No. 8, page 45). The Lima
anticline is an excellent example of this folding. Folde
ing of the conglomerate is apparent in the writer's area
and this is shown by its dip in two opposite directions
to the west of Chute Canyon. Only one direction is rep-
resented on the cross section. Between Garr and Chute
Canyons the conglomerate dips 26 degrees to the northeast
whereas northwest of Garr Canyon it dips from 17 to 25
degrees to the west. There is no apparent explanation
for the two opposite dips.

Post=-Laramide orogeny

Between the Laramide and post-Laramide orogenies
there was a very long cycle of erosion that produced
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broad basins over southwestern Montana. The erosion of
the Muddy Creek Basin started in the Eocene and proceeded
to the close of the Oligocene. Muddy Creek Basin escaped
deposition during Upper Eccene and Oligocene time dut
other basins in the area were filled with sediments. Of
these the Sage Creek beds north of Dell are of Upper Eo=-

cene age.

Erosion ceased in Muddy Creek Basin in the Lower
Miocene and the Muddy Creek Basin beds were then depos-
1ted (Plat‘ 4’ ﬁg. 4).

Following this Early Miocene deposition, the second
ma jor diastrophism began. This time the forces were not
compressive but tensional, producing high angle faults.
Muddy Creek Basin became a graben. The high angle fault
on the south of Muddy Creek Basin can be traced for 3.26
miles before it dies out in the Basin beds on both its
east and west ends. The fault cuts across a part of the
Tendoy thrust as shown on the geologic map (in pocket).
A block of the Madison limestone has been dropped down
on the north side of the fault and is covered by alluvium
and Basin beds. The vertical displacement could not be

measured but probably exceeds several hundred feet.



On the north of Muddy Creek Basin the high angle
fault is traceable for 2.5 miles to the southeast of
Sheep Creek road where it merges into an unconformable
sedimentary contact with the Phosphoria and basin beds.
The basin beds along the fault can be seen dipping ten
to twenty degrees northeast into the fault, and in places
flattening slightly at the fault, whereas the Phosphoria
dips 26 degrees southwest into the fault. Where the
fault dies out, the Basin beds unconformably overlie the
Phosphoria in a sedimentary contact. The dip of the
Basin beds is approximétely equal to that of the Phos-

phoria and in the same direction.

Between the uplifted Paleozoics and the Red Rock
Basin is the third high angle fault sone of the writer's
area. This second major stage of high angle faulting
began in the Pliocene after the first stage in Muddy
Basin stopped in the Late Miocene. Three faults of the
en béchelon type cross the area. The faults broke only
in the Red Roek conglomerate, the mountain side going up
and the north, or Red Rock Basin, going dowmm. The exact
vertical displacement is unknown. However, judging from
the height of the triangular facets (Plate 3), the max-
imim displacement was probably more than 500 feet. There

i8 a discontinmuous erosion surface in Chute Canyon that
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defines a stage of erosion probably of the same age as
those surfaces found in the Muddy Creek Basin (see Physi-
ography, page 51). Assuming this to be true, then the
faulting of ths Red Rock conglomerate must have been
later than the high angle faulting in Muddy Basin in or-
der to renew the erosion in that area. The erosion sur-
faces are as high as the uplifted block and this height
agrees with the visible displacement of the fault scarp.
This dropping down of the Red Rock Basin lowered the base
level for Sheep Creek and rejuvenated the erosion of the

basin beds in Muddy Creek basin,

Perfect examples of triangular facets may easlily be
seen from the highway between ILima and Dell {Plate 3).
Above the alluvial fans there is a zone showing renewed
movement along the fault. This 1s seen as a dark band
irmediately above the alluvial fans. The slope of this
zone is much steeper than the slope of the triangular
facets. See page 53 of Physiography.






Sequence of Events for the General Area

of Dell, Montana

lands to the west in closing
stages of Cretaceous

1.

Dep;sition of Paleozoic and
Mesozoic formations in the
geosyncline

17. Erosion of present day surface;
movement along Red Rock fault Recent
16. Erosion cycle that resulted in
broad pediments, glaciation in Pliocene
Nicholia Basin
15. Faulting along mountain front
5’;,, with rejuvenation of drainage Pliocene
1 &
93 2114, Erosion of high erosion surfaces | Pliocene
= O
& 5113, High angle faulting in Muddy Late
Creek Basin Mlocene
12. Deposition of Lower Miocene Beds | Early
in basins (Muddy Basin Beds) Miocene
11. Deposition of Oligocene beds
3 -§ 1npbasina & Oligocene
o8& 8110, Deposition of Sage Creek beds in | Upper
5.9 basin and volcanism in area Eocene
QTm E
ag 9. Long cycle of erosion producing mag‘]geor
23] broad basins Eocene
Paleocene
8. Folding and faulting of Red Rock | or Rarly
conglomerate (Lima anticlins) Eoscene
7. Period of erosioen Paleocene
: e
etaceous
'g 6. Thrusting (Tendoy thrust) or Early
Paleocene
A
%P | 5. Erosion
)
4w 4. Cross-folding (cross-syncline)
‘g Little Water syncline Late
4 3« Deposition of the Red Rock Cretacsous
3 conglomerato or Early
Ay 2. Folding and creating of high- Paleocene




EXPLANATION OF PLATE 4

Sequence of events for the general area of
Dell, Montana

The s8ix flgures represent the maln events that re-
sulted in the present structure in the area. The fig-
ures are not drawn to an exact scale; however the hore
izontal scale represents approximately 20 miles, and
the vertlical scale 10,000 feet.

Pigure 1. (Unit 1 in sequence of events) Shows the
slightly dipping, thick deposites of the upper Paleozolc
and Mesozolc beds before the start of folding in the
geosyncline of which this area is a part.

Mgure 2. (Units 2 and 3 in sequence of events)
Represents the folded Paleozoic and Mesozolc sediments
before thrusting in the Early Laramide. This procduced
the rise of the highlands to the west, a regional
feature in Idaho and scuthwestern Montana, and the dep-
osition of the Red Rock conglomerate (Trrs. The ap-
proximate plane where the Tendoy thrust will break is
also showne.

Figure 3. (Unit 6 in sequence of eventa) Shows
the Tendoy thrust in the Late Cretaceous or Early Pale=-
ocene. The much folded and crushed Madison (Cm) bloek
is shown as 1t overrode the Paleozolic and lesogoic
rocks. A possible minor thrust plane is shown within
the Madison, lying beneath the Red Rock conglomerate.

Figure 4. (Unit 12 in sequence of events) Shows
the Lowey Miocene basin beds filling both Muddy Creek
basin and the upper basin (Nicholis basin) at the time
of their deposition. There may be a possible connec-
tion between the beds in both basins.

Figure 5. (Units 13 and 14 in sequence of events)
Represents the structure of the Late Miocene or Early
Pliocene after the high angle faulting took place in
Muddy Basin. Due to this faulting Muddy Basin is a
graben. The high erosion surfaces of the Muddy Creek
Basin and the Red Rock Basin are also shown sloping
into their respective basins,

Figure 6. (Units 15 and 17 in sequence of events)
Shows the structure after the last stage of major
faulting in the represented area. This took place in
the Pliocenes as an en échelon fanlt pattern. The Red
Rock Basin 1s now also a graben. The topography is
represented essentially as it appears at the present
time. Evidence for Recent movement along the fault
bounding the Red Rock Basin 1s not shown.
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PHYSIOGRAPHY

General statement

The Tendoy Mountains are located in the Northern
Rocky Mountain province in southwestern Montana. The
nountains extend slightly west of north from the Beaver-
head Mountains near the Montana - Idaho border to the
vicinity of Armstead in a band approximately five to
8ix miles wide and 35 to 40 miles long.

Surrounding the Tendoy HMountains in Idsho and Mone
tana are the Beaverhead and Lemhi Ranges to the west and
the Centennial Range to the east. Both the Centennial
and Beaverhead Ranges form part of the Continental Divide
and the state border between Montana and Idaho in that
region. The Red Rock Mountains, Snow Crest and Gravelly
Ranges lle to the east and north of the Centennials; the
Ruby Range and the Tobacco Root Mountains lie to the

northeaste.

Surrounding the area are also large valleys and
basins, which lie between some of the various highlands
named above; these are the Lemhi and Pahsimeroy Valleys

- 48 =
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to the west in Idaho, the Centennial Valley to the east,
the Big Hole Basin to the northwest, and the large un-
named basin extending north of Dillon, all in Montana
(ses plate 1),

As shown by the following, the mountain chains in
southwestern Montana are not regular. The northwest
trending mountains are the Lemhi, Beaverhead, and Red
Rock mountains. The Tobacco Root and Gravelly Ranges
trend slightly east of north, the Ruby Range trends
northeast, and the Centennial Range, east.

Minor drainage in the Tendoy Mountains is by oconse-
quent streams that head in the mountains and flow gene-
rally northwest or southeast. Muddy Creek is considered
as a minor stream although 1t drains the greater part of
Muddy Creek Basing it flows southeast and more or leas
parallel to the structure.

The major streams in the area flow independently of
the existing structure. Sheep Creek heads in the Beaver-
head Mountains to the southwest and flows generally north
across all existing structure and empties into the Red
Rock River. It therefore must be an antecedent stream
that occuplied its present position before deformation
commenced. If Sheep Creek was younger than the mid-Ter
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tiary block faulting its course would most likely have
been controlled by the horst-graben structure formed at
that time. There are high level gravels on a post=fault-
ing surface, well below the mountain crests in the area
napped immediately to the west by H. H. Kruselopf. It
therefore seems probable that Sheep Creek was eroding

1ts channel at the time of depositioﬁ and not dralning
by way of the Little Water Syncline a few miles to the

northweste.

Climate and vegetation

Southwestern Hontana 1s a semi-arid region, the
rainfall is 10 te 20 inches annually (Goode, 1946, p.
46). The temperature is variable during the surmer
months, ranging from freegzing at night to about 85 to 80
degrees Fahrenheit during the daytime. While the writer
wag in the fleld a strong breeze blew almost continuous=
ly during the daytime from a general easterly direction.

Vegetation is composed mostly of sagebrush, grass,
and pine trees. The sagebrush is confined more generally
to the stream valleys and grass covers the whole area.
Pine trees seem to grow most abundantly in two places,
the protected sides of watered valleys and canyons, and
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on almost every outerop of the Quadrant formation with
the exception of the talus slopes.

Erosion surfaces

Muddy Creek Basin.-- During the early Pllocene there

was much erosion in the Tendoy Mountains. The surfaces
developed at this time are considered as high erosion
surfaces (Plate 5, fig. 5). The Muddy Basin beds were
eroded down to some extent and partly stripped of the
underlying Paleozolc and Mesozoic beds. The preserved
erosion surfaces that were developed upon the soft con-
glomeratic sediments appear as dissected flat-topped
spurs. The most prominent spurs extend out into the
basin from the northeastern side; however, one well pre-
served surface is found on a spur in Shsaring Pen Gulch
in the southeastern part of the basin. The surfaces in
both places slope toward the central part of the bed of
Muddy Cresk. Where the present erosion surface is being
cut into the spurs, the noses of the spurs have a varie-
able slope, the maximmim dip of which is not over 15 de=-

grees.

Chute Canyon.=~ The erosion surface in this area was
developed in the poorly cemented Red Rock econglomerate.
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Remnants of this surface are present on top of dissected,
flat-topped spurs above the present erosion level in the
canyon. The canyon itself is a wide, shallow drainage
area that was developed during an Early Pliocene period
of active erosion. Chute Canyon 18 not a typical, steep-
sided canyon except near its mouth. Above that point it
spreads out inte a broad, fan~shaped valley, having
roughly the shape of a quarter-circle. The canyon ends
at the fault front in a fairly narrow, flat floored cut-
let, Triangular facets are prominent along the fault
front on both sides of the canyon, that is, to the north-
west and southeast. The o0ld surface that was downfaulted
to form the Red Rock Basin 1s now covered with Quaternary
alluvium of unknown thickness. Alluvial fans are present
along the fault scarp for a short distance out into the
Red Rock Basin. The general slope of the fans was found
to average approximately 12 degrees. Two of the aerial
photographs used in mapping the writer's area, CXM«12B=-
31, 32, show two sets of alluvial fans. The smaller,
more recent fans are supcrimpoaéd on the older and much

larger fans.

The surface formed by the first fault movement in
the Pliocene has been eroded back and thus the slope
angle has been lessened. The present slope of the
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triangular facets is therefore not the true angle of the
fault plane. Later movement along the fault front is
suggested by two conditions: (1) The general slope of

the triangular facets has been cut off above the contact
of the facets and the alluvial fans. (2) New, amaller
fans have been deposited on top of the older fans so as
to form double fans. This is easily seen from the aerial
photegraphs, especially No. CXM=12B-31l.

Relationships between surfaces in Muddy Creek Basin
and in Chute Canyon.- Anuming‘ that the surfaces devel-
oped in Muddy Creek Basin and in Chmte Canyon are of the
same age (Early Pliocene) No. 14, page 45, then there
must have been two periods of faulting. By the close of
the erosion period Sheep Creek had probably eroded its
channel to the base level determined by the elevatlion of
the Red Rock Basin. Without a drastic change in the base
level of Sheep Cresk the present depth of erosion in
Muddy Creek Basin could never have been attained., To ac-
count for this a later period of high angle faulting must
be assumed. The erosion surfaces discussed in the two
preceding sections provide the proef needed to establish
two periods of faulting. The surfaces in Chute Canyon
are located on the upthrown side of the fault. A pro-
jection of the surfaces extends out to the triangular
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facets and this coincides with the general plane formed
by the crests of the spurs extending back of the facets.
Therefore the surface iz older than the fault.

In Muddy Creek Basin the erosion surface is a con-
tinuous one as it crosses the plane of the fault (Plate
4, fige 5). Therefore the faulting in Muddy Creek Basin
is older than the erosion surface. Assuming that there
were two perlods of faulting, then the rejuvenated ero-
sion in Muddy Creek Basin 18 accounted for. The base
level for Sheep Creek was lower when the Red Rock Basin
was faulted down as a graben. Therefore Sheep Creek
would again start to erode in a vertical direction, seek-
ing the new base level., The base level for the drainage
area of Sheep oreek was therefore lowered and more vigor-
ous downcutting began and Muddy creek began to carve out

the soft basin beda over which it ran.

Various hypotheses have been developed in the past
for the dating of old erosion surfaces in the general
area of Idaho and weastern Montana. Each writer presents
jideas that conflict with those of his predecessors. The
writer makes no attempt here to evaluate these conflict-
ing ideas; they are discussed in detail in the following
references: Blackwelder 1912, Umpleby 1912, Rich 1918,
Mansfield 1927.
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Other writers have dealt with the more general phys-
jography of the same reglion; they are: Pardee 1911, Um=.
pleby 1213 and 1917, Kirkham 1927, Ross 1931, and Atwood
1916.

In the upper Basin, Kupsch and Scholten have mapped
two glacial moraines and there is a possibility that a
third one exists (personal commnication).
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