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ABSTRACT

The area considered in this report is located
in Beaverhead County, Montana immediately west of
Armstead. - It includes the northermmost part of
the Tendoy Mounteins snd thelr northern extension.

Almost a complete stratigraphic column is
represented in the Armstead area. The only systems
absent are the Ordovician, Silurian, and Jurassic.
More than 6,000 feet of sedimentary rocks are
present.

Two distinect phases of disstrophlsm are re-
corded in the regilon; one in late Cretaceous and
early Tertiary, and the other during the Tertiary.
Early and middle Laramide orogeny resulted in
north-eastward trending folds. The late Laramide
is marked by thrusting from the southwest, and the
sheets contain elements of the northeast trending
folds. Two great thrust sheets are evident in the
area and another one to the south. From east to
west they are: Tendoy, Medicine Lodge, and Beaver-
“head. Tertiary rocis are overridden by all three
sheets. Block faulting occurred in early Miocene



along the esstern front of the Tendoy Mountains and

continued on into modern times.



INTRODUCTION
Location

The asrea under considerastion 1s located immedi-
ately west of Armstead, in Beaverhead County, |
southwestern Montana, approximately twenty-two miles
southwest of Dillon and twenty-seven miles northwest
of Lima. Armstead is situated on U. S. Highway 91.
A graded road in Horse Prairie Creek valley and
another along Medicine Lodge Creek, together with
several ummaintained raneh roads extending from
these, make the entire ares accessible by sutemoblle

and foot.
Generel description

In general the area is divided into northern
&nd southern portions by Horse Prairie Creek which
flows east into the Beaverhead River, and whiech in
turn is one of the headwaters of the Missouri River.
The southern portion included the northern end of
the Tendoy Mountains. Medieine Lodge Creek flows
north along the western edge of the area and empties
into Horse Prairie Creek near Medicine Lodge. The



eastern boundary in general is U. S. Highway 9l.

- The southern limit is now intermittently dry Lime-

- kiln Canyon.  The northern boundary is approximately
five miles north of Horse Prairie Creek. More
specifically the area under consideration includes
sections 19, 30, and 31, T. 9 S., R. 10 W.; sectiens
6, 7, 18, 19, 30 and 31, T. 10 S., R. 10 W.; sections
23, 24, 25, 26, 27, 33, 34, 35 and 36, T. 9 8.,

R. 11 W.; and the entire township T. 10 S., R. 11 W.

Purpose

The purpose of this report is to discuss ths
geology of the Armstead area. One of the specific
Problems at hand was to trace the thrust faults of
areas previously mapped to the south, northward
through the Armstead area, and to relate them to
the regionasl structure.

Method of investigation
The field mapping was done in August, 1948.

The work wes of a reconnsissance nature, using

@erial photographs upon which the contacts were



traced and geology recorded in the fleld. The field
party consisted of R. A. Brant, N. C. Elmer,

W. A. Gillesple, and J. R. Peterson. Fileld assis-
tants were D. O'Halloran and R. Bussey.

The field work was done jointly by all four
members of the party, and the drawing up of the report
also was & joint effort. Responsibility for indivigual
parts of the manuscript are a&s follows: Brant,
stratigraphy and paleontology; Elmer, petrology and
petrography; Gillesple and Peterson, structure and
map compilation.
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GEOGRAPHY
Topography and relief

In southwestern Montana the topography is one
of the alternating wide valleys and comparttive'lyv
narrow, high mountain ranges. The valley floors
are about 6,000 feet above sea level, and the range
erests are about 8,000 to 9,000 feet.

The flood plains of the brosd valleys are
relatively narrow. The bulk of the valley consists
of low angle alluvial fan deposits or partially
dissected pediment surface. From this surface,
usually gently convex upward, the mountaln ranges
rise sharply 2,000 feet to 3,000 feet above the
~Valloy floors.

The mountain renges have steep slopes and falrly
extensive upland surfaces. Some idea of the smooth-
ness locally of the surface can be gained frem
Plate 18, where a car can be driven on it for con-
siderable distances. In the Tendoy Range, however,
the surface is thoroughly dissected and is represen-
ed to small, smooth, flat areas on individual mountains.



In the area north of Horse Prairie Creek, the
mountein range is represented by a series of high
hogback ridges outlining a cemplex south-plunging
anticline. The erosion surfaece is present only on

the highest part of the ridges.
Climate, Vegetation, and Culture

The Armstead area lies in a steppe climate.
The annual rainfell normally ranges from 10 to 20
inches. The climate is further characterized by a
cold winter season and a mild summer season. Nights
are considerably cooler than the deays. The day air
temperatures are mild but the open sunshine is warm.
Short, but often intense, rains ere common during
the summer; they occur in the late afternoon.

The mein vegetation types are: grass, sage-
brush, and forest trees. The flood plains are
extensively farmed for wild hay.

Sagebrush is found in greater proportions on
the lower slopes. The heavkr sagebrush cover gives
wWay to grass on the higher slopes. The grass sheres
&n open, sporadic forest cover on the higher eleva-

tlons. Conifers prefer the Quadrant and Madison



formations. The thickest forest cover is observed
in the protected valleys. Limekiln Canyon in the
southern part of the area is a good example. In
the northern part of the area much of the aurface
is bare rock.

Local springs around the periphery of the pre-
Ceambrian gneiss in the southern part of the area
give rise to local green spots where there is a
lush grass cover. The springs slso supplled watering
holes for the few cattle that can graze in the area
in the later summer months. The major industry 1is
cattle raising. Winter snow and the spring rains
supply enough moisture to provide wide grazing con-
ditions through the early summer months.

Two ranches are located on the lower eight miles
of the Horse Prairie Creek, and two are located in
the lower ten miles of Medicine Lodge Creek.



Plate 3
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Plate 3: Index Map
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STRATIGRAPHY
General description

Most of the stratigraphic column is represented
in the Armstead area. Rocks range in age from pre-
Cambrian to Recent, and the only systems absent are
the Ordovician, Silurian, and Jurassic. Major uncoen-
formities occur at the base of the Cambrian and at
- the base of the Tertiary. The lower Paleozolc rocks
are incompletely exposed beeause of fanlt;ng. No .
Pleistocene deposits are recognizable.

The lithologles include gneisses, the various
volecanics, quartzites, sandstones, conglomerates,
limestones, dolomites, and shales. Two unusual
conglomerates were found: one at the base of the
Cretaceous, and the other at the base of the Eocene (?).
The only well-preserved fossils found were in the
Dinwoody limestons. A few were found in the Amsden
formation.

‘The following table shows the formations found

in the area and the-resﬁ%ctlve thickness and age of
each,



Figure 1
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- Figure 1: The stratigraphic column of the
Armstead Area. Data from the
north portion of the thesis area.






15
Pre-Cambrian system

The oldest exposed rocks ere in the core of
the: Armstead snticline. They consist of gramite
and hornblende gneisses which compeare in gross
appeasrance with the Pony or Cherry Creek Series
described by Tansley, Schafer, and Hert (1933).
The Pony and Cherry Creek Series are Pre-Beltian
in age. |

Cambrian system

General Charseteristics.--The Cambrian for-
mations found in the area are, from bottom to top,
the Flathead quartzite, the Wolsey shele, and
the Meagher dolomite. All are middle Cambrian in
- age. The Park shales, the Pilgrim limestone, and
the Dry Creek shales which occur in adjacent regions
are missing. Two hundred and seventy feet of Ceambrian
strata are visible in the area. Fifteen to sixteen
hundred feet are messured in northwest Montens
approximately 200 miles away.

Early workers who studied the Cambrian in

§G.1'acent regions in Montana include A. C. Pesale and
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W. H. Weed. Peale (1893, pp. 20, 21) mapped the
Cambrian in the Three Forks guadrangle as the Flat-
head formation and the Gallatin formation. Weed
(1899) mapped the entire Cambrian as the Barker
formetion in the Fort Benton quadrangle. The follow-
ing table shows a comparison of the members recognized
by Weed and Peale.

Table 1
Comparison of Formations

- Peale (1893) - Weed (1899

Gallatin formation Barker formation
Pebbly limestone Yogo limestone
Dry Creek shale Dry Creek shale
Mottled limestone Pilgrim limestone
‘Obolella shales Park shales '
Trilobite limestone Meagher dolomite

Flathead formation
Flathead shale Wolsey shale
Flathead quartzite Flathead quartzite

Weed (1900, p. 285) raised his units to the
rank of formations. He considered all the Cambrian
Toeks to be Middle Cambrian. However, Deiss (1936)
&nd Bell (1941) believe that the Flathead, Wolsey,
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Meagher and Park formations are Middle Cembrisn,
and that the Pilgrim, Dry Creek, and Yogo are Upper
Cambrian. |

Plathead formation.--The Flathead rests uncon-

formably on Pre-Cambrian metamorphic rocks, and where
exposed stends verticelly or overturned, and appeers
wall-like in plasces. The guartzite has alternate
bands of purplish red and light buff which range in
thickneas frem 1 to 10 mm. Indistinot layers of
coarse and medium sand particles are bound together
by a quartz cement. Some cross bedding is present.
The particle sizes range from 0.5 to Smm. The rock
varies from a frisble sandstone to a tenacious
quartzite.

The Flathead quartzite wes originelly named by
Peale (1893, pp. 20, 21) for the exposure meesuring
125 feet in thickness in the Flathead Pass in the
Three Forks quadrangle nearly 200 miles northeast
of Armstead. Flathead is found over a wide area in
Montana ang Wyoming. Originally the Wolsey shale
was included in the term Flathead formation, but

8ince Weed's publications (1899) Flathead is restricted
to the quartzite.
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Wolsey formation.--Because of faulting, expo-

sures of the Wolsey shale are extremely limited in
the Armstead area. The shale 1s exposed on the
eastern side of the Armstead anticline in scattered
sites; however, it is nearly completely faulted out
of view on the western side. |
The shale is a fine-grained, -bright green to
gray green, miceaceous rock which is bent and cremu-
lated in many places. It contains mumerous -calecarious
nodules, end-is more fissile when wet than wher dry.
The Wolsey was named by Weed (1899, 1900, p. 285)
for expesures of 125 feet of beds neear Wolsey, Montansa.
Peale had previously included the rock equlvalents
in the Flathead.

Meagher formation.--The Meagher formation 1s
composed on thinly bedded dolomitic limestones
which are light pinkish buff in color and sandy in
texture. 4 scattering of dark spots beecome more
numerous near the top of the formation. Weathering
causes a darkening in color and gives the rock a
Wwoody appearance with the grain normal to the bodding
Planes. Beds are irregular, measuring one to 16

?nchaa thick. Very fine bedding laminae measure one
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to 2 mm. in thickness. One hundred ninety six feet
of the Meagher formetion are exposed in the Armstead
area. This figure probably does not represent the
total thickness of the Meagher because of numerous
faults in the vicinity of the outerop.

The Meagher was included in the Gallatin for-
mation by Peale (1893) as the Trilobite limestone.
Weed (1896) used Peale's terminology when working
on the Three Forks quadrangle. However, when mapping
the Fort Benton quadrangle (1899) he esssigned all
Cambrian rocks to the Barker formation. He reneamed
the Trilobite limestone the Meagher. On the basis
of fossil and stratigraphic evidence, Weed considered
@ll of the rocks Middle Cambrian in age.

Devonian system

Jeffersen formation.--The only outerop of the
Jefferson formation in the Armsteed area is located
on the eastern side of the Armstead anticline where
758 feet were measured. It rests with apparent
conformity on the Cembrian Meagher. The rock 1s a
thinly bedded, pinkish gray, dolomitic limestone
with calecite stringers. It has a petroliferous odor.



Plates 4 and S
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Plate 4. The Flathead Quartzite. Photo shows
the well-like nature of the formation.
Evidence for smell cross faults appear
in the background where the beds eare
offset.

Plate 5. Part of the Paleozoic section showing
the Jefferson, Three Forks, and

Madison formations.
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The weathered rock is dark buff to brown and has a
badly decayed appesrance. Sheale or clay partings
separate the massive beds. A two foot shale zone
occurs near the middle of the formation.

The Jefferson formation was first desoribed by
Peale (1893, pp. 27-29), as Middle Devonian. Recent
work by Sloss and Laird (1947, pp. 1404-31) suggests
that both Jefferson and Three Forks are Upper
Devonian. They place the Jefferson in the Senecan

series, and the Three Forks in the -Chautauquen series.

Three Forks formation.--In the Armstead region

the zone of the Three Forks formation is completely
covered with e heavy yellowish soil, and no expo-
Sures were found. However, the 200 foot zone 1s
well marked by the prominent limestone formations
above and below.

Peale (1893, pp. 29-32) defined the Three Forks
for the exposure at the three forks of the Missourl
River. The formation is widely recognized through-
out Montana, Wyoming, southeastern Idaho and western
Utah. 4As previously néted, Sloss and Laird (1947,
P. 1404) place the Three Forks in the Chautauquan

Series. There is no apparent unconformity between
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the Three Forks and the overlyling Madison group.
Mississipplan system

Madison formation.--The Mississipplan system
is represented by the Madison limestones. In the
Armstead area the limestones overlle the Three Forks
shale and are considered Kinderhook in age. Peale
(1893, p. 20) named the Madison for exposures in the
Madison Range in the Three Forks region. Two units
are recognized in the Armstead area: neamely, the
Lodgepole and the Mission Canyon. A total thickness
of 2250 feet is recorded.

Lodgepole Limestone is a dense, finely cry-
stalline, laminated limestone which 1s yellow-gray
in color. Weathering darkens the color and produces
fine pitting on the surface. The 550 feet of
Lodgepole are stratified in four to eight inch beds
that are separated by % to 1 inch clay partings.

As the base of the Madison group, the Lodgepole is
widespread in Montena and Wyoming. Collier and
Cathart (1922, p. 122) nemed the limestone for ex-

Posures in Lodgepole Canyon south of the Little
Roeky Mountains.
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Mission Canyon limestone is a massive, resistant

formation with two members. The lower member is dark
gray to blue gray in color, and coarse to finely
crystalline in texture. Chert nodules are present.
Weathering produces a rough, pitted, and fretted sur-
face that 1s light gray in color. A few caves and'
hollow spots are present.

The upper or "wavy" unit is 450 feet thick in
the Armstead area. The "waves" are small, tight,
folds that seem to pervade the unit in all exposures.
Observe the photograph on Plate 6. The beds are 8
to 12 inches thick, and are composed of gray, medium
to coarsely crystalline limestones with calcite
stringers. Weathering produces irregular caves
along the bedding planes, and a step-1like relief.
The origin of the "wavy" folding is unkmown, and
the member has not previously been recorded in the
literature to the writer's knowledge.

Collier and Cathart (1922, p. 122) recognized
&nd named the Mission Canyon formation for the sec-
tion exposed in Mission Canyon in the Little Rocky
Mountains, Montana. There are 1250 feet of the
lower member of the formation in the Armstead enti-
éline. Mission Canyon is widely recognigzed in



Plates 6 and 7
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Plate 6. A view of the Lodgepole member of the
| Madison formation. Exposure is on

U. S. Highway 91, three miles north
of Armstead.

Plate 7. The ¥Wassive weathered character of the

Mission Canyon member of the Madison

formation.






Plates 8 and 9

27



Plate 8. The "wavy" unit of the Mission Canyon
limestone as it is seen in the northern

portion of thesis area.

Plate 9. View on west limb of Armstead anticline
showing Mission Canyon "wavy" unit,
Amsden, and Quadrant formations.
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Montana, Wyoming, Idasho, and Nevada.

Mississippian-Pennsylvanian system

Amsden formation.--Between the Madison and the

Quadrant is a 208 foot covered interval which has a
20 foot bed of limestone exposed near the center.
The pinkish gray, finely crystslline limestome is
stratified in one foot beds. Weathering changes
the color to gray-white, and produces a rough
fretted surface.

The soil is yellow=-brown in color and contains
a few fragments of a friable, buff colored, medium
grained sandstone. Darton (1904, pp. 394-401) named
the formation for the section exposed in the Amsden
Branch of the Tongue River west of Dayton, Wyoming.
The type locality and nearly all other exposures
of the Amsden are Pemnsylvanisn in age according
to E. B. Branson and C. C. Branson (1941, p. 131).
C. C. Branson (1936) suggested the name "Sacajawea"
for the Mississippian portion of the Amsden.
Working in the Wind River Range, Branson and Branson
(1941) mep the older portion as the Sacajawea
formation, and they include the Penmsylvanian
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part in the Tensleep.

Birry (1943) states that the lower part of the
Quadrant in the Three Forks area corresponds to
Darton's Amsden. Derton's type section consists of
red shales, white limestones, and sandy limestone.
It underlies the Quadrant without apparent uncon-
formity.

Pennsylvanian system

Quadrant formation.--The Quadrant consists of

980 feet of quartzite. It crops out in Indlan
Head Mountain 2% miles northeast of Armstead at
Horse Prairie Creek. The quartzite is a fine
grained, tenacious, highly jointed, dense rock. It
is red-brown to cream-buff. Large amounts of very
blocky talus accumulate on the dip slopes.

Peale (1893) described the type section of the
Quadrant for exposures in the Three Forks region.
At that time the Amsden was included. Although
Peale used Quadrant as a formational neme in the
Three Forks region, Wilmarth (1938) states that his
S8ectlons were named after consultation with Arnold
Hague with whom Weed was also assoclated. Weed (1896)
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described the Quadrant formation in Quadrent
Mountain in the Gallatin Range of Yellowstone Park.

Permian system

Phosphoria formation.--The Permlien system is

represented in the Armstead area by an arenaceous
series of rocks. Three lithologlc units are
present: 1. sandy phosphatic limestone, 2. sand-
store, and 3. chert. The basal 125 feet 1s composed
of light gray to white, speckled, sandy limestone
that contains phosphate. Exposures are seen in the
synclinal valley on the east side of Indian Head
Mountain.

A prominent section of approximately 300 feet
of massive, friable, buff colored sandstone lies
above the limestone. Weathering produces a pitted
and sculptured surface. The outcrop is located
south of Indian Head Mountain.

A massive, blue chert measuring as much as 2
feet occurs over the sandstone. This chert may be
part of the Rex member recognized in great thick-
ness in dher localities. (Gale and Richards, 1909).

“Richards and Mansfield (1912, pp. 683-689)
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Plate 10. Valley underlain by the Phosphoria
formation, Trees are growing on the

Quadrant formation.

Plate 11l. The Dinwoody formation in Garflield
Canyon.






34
named the Phosphoria for exposures in Phosphoria
Gulch in Meade Perk, Idaho. The formation 1s wide-
spread in southeast Montana, western Wyoming, Idaho,

Triassic system

Dinwoody formation.--Seventy five feet of besal

siltstones of the Dinwoody formation overlie the
Phosphoria. The thin layers of siltstohe are derk
brown to yellow-brown in color. The best exposure
is in a narrow gulch on the western side of Indian
Head Mountain.

There are approximately 700 feet of cream col-
ored, medium to coarsely crystalline limestones
above the siltstone. Weathering produces a very
decayed appearance and changes the co;oi' to dark
brown. There is no further break in th§ lithology
until the Kootenay conglomerate contact 1is reached.

Fossils that were collected by Gillespie and
Elmer in the lower part of the formation have been
identified by Dr. L. B. Kellum as Dinwoody fsauna.
Ten of those sufficiently preserved are ineluded in
~the following list.
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Ophiceras (L egtogggceras) dublum Spath?

QEE%_____ (Lﬁﬁtofgé res) cf. subplatyspira Spath
OE ceras

eudomono otis)? sp.
Eumorphotis mnl .ttner?
Monotis? sp sp.

Anodontophora (Myacites) canalensis Catullo
M

fa na? sp.
Lima? sp. c¢f. Lima striata Schlotheim
ffngula borealis Bittner

The Dinwoody formation is found in western
Wyoming, southwestern Montena, and adjacent reglons.
It was defined by Blackwelder (1918, p. 425) for
exposures in Dinwoody Canyon, Wind River Range. A
total of 800 feet ofAthe formation is present in
bhe Amstead area. |

Cretaceocus system

Kootenel conglomerate.--The Kootenai is repre-
sented by a resistant conglomerate, which caps small
ridges in the area. Most of the usual thick section
found in adjacent areas has been eroded away or trun-
cated by thrust faulting. Only about 10 feet of the
basal conglomerate is present in the area.

The rock consists of smooth chert and quartzite
cobbles ranging in size from % inch to 23 inches in

~dlameter and cemented in a cherty matrix. The cob-
bles are apparently derived from a number of for-

mations of pre-Cambrian to Mississippilan age.



Plates 12 and 13

56



Plate 12. General view of northeast portion of
the area. In the foreground are the
strata of the Dinwoody. Background
shows quadrant mounts to the left, and
the anticlinal valley exposingmre-
Cambrian rocks near the center of the
photo.

Plate 13. Foregrouhd Kootenal conglomerate.

Background mountains of Quadrant
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Gillespie and Elmer record the following pebble
count from the exposure 2% milessouth of Indian

Head Mountain.

Quartzite Gray-green 30%
n 25%

Brown
" White 13%
n Dark gray 6%
Chert Black 2
n Brown 17%
n Gray -1 4

(Figures to the nearest 1%)

The Kootenai was described by J. W. Dawson
(1885, pp. 531-532) for a thick series of shales,
sandstones, and conglomerate containing -coal beds
that occur in Bow valley in Alberta, Canada. The
name was suggested by Sir Wm. Dawson for the Kootenal
Indians who formerly inhabited the region. Lee (1927;
P. 41) correlated the Kootenal with the middle por-
tion of the Cloverly formation in Wyoming.

Tertiary system
Red Rock conglomerate.--Red Rock 1s the ten-

tative name applied to a thiek series of subangular
conglomerates assoclated with the Laramide orogeny.
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in the Armastead area the conglomerate is found lying
unconformably on the Madison and the Quadrant. It
is associated with the Beaverhead overthrust.
Wallace (1947, p. 32) states that the Tendoy thrust
sheet rides over the Red Rock. The age of the Red
Rock is tentatively placed in the Paleocene. No.
fossils have been found. Walter Kupsch (personal
communication) states that there are three units of
Red Rock. From bottom to top they are:

l. Conglomerate with mostly Madison limestone.

pebbles )
2. Concretionary limestone.
3. Conglomerate with mostly quartzite pebbles.
In the west part of the area, north of Baker

Canyon, the conglomerate projecting out or-thﬁ
Tertiary Basin Beds show the following pebble count.

Quertzite Purple 22%
Quartzite Gray 14%
Quartzite Brown 6%
Limestone Black 26%
Limestone Gray 16%
Chert Black 12%
Chert Red 14
8iltstone Buff 1%
Sandstone Gray 2%

(Figures to the nearest 1%)
Dr. Eardley estimates the thickness to be approx-
imately 2000 feet. The angular to sub-angular pebbles
aﬁd small cobbles are cemented by caleite. The Red '



Rock conglomerate and the Basin Beds are separated

by a major unconformity.

Basin Beds.--The Tertiary Basin Beds -were
formerly considered under the all inclusive term
"Bozeman Lake Beds®". Iddings and Weed described
them feor axposuros'in the Galletin Basin near Bozeman,
Montane. Haynes (1916, pp. 276-278) showed that
mach of the bedding is fluviatile and sub-aerial in
deposition, making the term "Lake Beds" in a large
part inappropriate.

In Medicine Lodge Valley and Horse Prairie
Basin in the Armstead area the lithology of the
Basin Beds consists of poorly cemented arkosic sand-
stone, pebble conglomerate, clays, and bentonitic
shale. A number of plant fossils and fish scales
were round.which are not as yet identified. No.
estimate of the thickness of the deposits was made.

Iddings and Weed (1894) placed the age of the
formation as Miocene and Pliocene in Gallatin Valley.
In the Armstead area, beds of similar lithology have
been assigned to the Sage Creek formation of late
Eocene time, and the Cook Ranch formation of Middle
Oligocene time (Douglas, 1903 and Wood, 1933).



In this report no differentiation was made, and the
deposits are mapped as one unit.

Three Tertisry formations found in ,the Ruby
Basin are listed in the work of Dorr end Wheeler
(1948, pp. 8-18, snd Plate 3). From bottom to top
they include the Red Roock conglomerate; the Passamari
formation of lower or middle Miocene age; and the
_Madlson Velley formation of Miocene - Pliocene

time.
Recent

Quaternary alluvium.--Recent deposits are pre-
sent in alluviel fans and valley flooéd plains.
Certain pediments which are carved in the bed rocks
may be confused with alluvial fans in the area.

The possibility of artesian weter has not been fully

explored.



STRUCTURE
Regional setting

The Tendoy Mountains lie within the Laramide
structures of the northern Rocky Mountain Provinece.
They are flanked by the Beaverhead River Valley and
the Red Rock Mountains on the east and the Beaver-
head Mountain Range on the west. The surrounding
mountains, including the Tendoy Range, trend gen-
erally north-south. The continental divide follows
the Beaverhead Range which extends west and north-
westerly along the Montana-Idaho state border.

The Laramide structures in southwestern Montana
trend generally to the north and northeast. Over-
thrusting by three great thrust sheets is also to
the northeast. The folded structures and the
thrusts, when traced southward into Idaho, are
buried under the Snake River lava flows. They
reappear south of the Snake River and extend into
Wyoming south of Yellowstone Park.

Kirkhem (1931, pp. 456-482) has adequately
deacribed the great Snake River downwarp whiech extends
from the Yellowstone Plateau to Oregon. It lies



directly to the south of the area mapped by Drexler,
Kildsl and McUsic (1949) ten miles south of Lima,

Montana.

Learamide struetures

Folding.--Early and middle Laramide orogeny
folded the gensral area into north and northeast
trending structures. In the specific area mapped
by the authors, the Kootenal conglomerate is the
youngest formation involved in this early folding.
In the northern part of the area the Kootenal dips
approximately 20 degrees to the west and to the
northeast in the south-central portion of the area.

To the north and south of the area the Red Rock
conglomerate, which was deposited feollowing the
early Laramide orogeny, has been folded by a middle
Leramide disturbince. This orogeny was apperently
a contimmation of the earlier disturbance since it
further elevated and folded the north-east trending

structures.

Armstead anticline: A prominent element of the
folding is found in the region north of Horse Prairile
Creek. This is a south plunging, asymetricsl anti-
cline which the authors propose to call the Armstead
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anticline. Hayden (1871, p. 145) first noted the
structure while on a traverse up the Beaverhead
River valley but did not name 1it.

The eastern flank forms a prominent ridge which
is upheld by Paleozole rocks. The oldest formation
1s the Flathead quartzite, and the youngest 1s the
Madison limestone which upholds the crest and dips
steeply eastward. The Lodgepole member of the
Madison formation is exposed on the eastern flank
of the gentle syncline which parallels the ridge on
the east. The beds dip to the west 15 degrees.

The photograph in Plate 6 was taken in the direction
of the dip. See also section A-A', Plate 2.

The beds of the western limb of the anticline
dip to the west approximately 35 degrees. A small
syncline and anticline are developed west of the
larger structure. The Quadrant quartzite,a resis-
tant ridge formerly in the west limb of the antlcline,
reappears in a smell anticline immediately adjacent
on the west, and again in a small ridge where it is
thrust up on the dip slope of the main Quadrant
strata. The formation thus forms three prominent,
irregular ridges which stand 100 to 200 feet above
‘the surrounding terrain. See Plate 14. The youngest
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formation exposed in this western portion is the

Kootenal conglomerate.

Minor structures: South of Horse Prairie Creek the
Armstead anticline plunges southwest. At 1its
southern extremity the beds are deformed into a
number of small folds which apparently converge and
die out in the larger plunging structure. In sec-
tion 25, T. 10 S., R. 11 W. (see geologic mmp) a
small dome, exposing the Quadrant, Amsden, and
Madison formations is capped by a veneer of Tertiary
volcanics. See Plate 2, section D-D'. This strue-
ture is slightly elongate east-west and conforms
with the convergence of the smaller structures in

the vicinity with the Armstead anticline.

High angle faulting.--High angle faulting
occurred during or following the middle Laramide
folding. A vertical fault with its upthrown side
to the east has exposed pre-Cambrian igneous rocks
in the core of Armstead anticline. This fault
trends north along the western portion of the anti-
cline at the contact between the Madison limestone

end the pre-Cambrian. It can be traced southward as

far as Horse Prairie Creek where it is lost beneath
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Plate 14. View looking north across Horse Prairle
Creek valley. The prominent ridges are
Qu;drant quartzite. They are on the
west limb of the Armstead anticline.

Plate 15. View looking north, one mile northwest
of Garfield Canyon. Madison limestone
of the Medicine Lodge thrust sheet 1is

thrust upon Koetenal conglomerate.
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the valley alluvium. See geologic map, Plate 1

Dr. Bardley (personal communication) states that the
high angle fault here is anomalous with the high

angle faulting that appears in the areas to the south
in the Tendoy Mountains where the upthrown block 1s

on the west side. It 1is 1ﬁpossible to date the fault
by relations to the Red Rock conglomerate, Basin

Beds and the Middle Laramide thrust faults, because

it was not found in contact with any of these features.

North of Horse Prairie Creek the pre-~Cambrian
exposure, about a mile wide, extends northward more
than five miles along the axis of the anticline. A
small patch of this igneous rock is also exposed
protruding through the alluvium just south of Horse
Prairie Creek.

On the eastern side of the pre-Cambrian core
another fault strikes north-south. This fault,
having less displacement than the one on the oppo-
site side of the anticline, cuts through the Wolsey
shale and Meagher formation. In sectlon 25, T. O 8.,
R. 11 W., a normal fault just to the east of the
above mentioned one has dropped tha-ihtervening
block down and repeated the formations.

There are at least nine short oross faults along



the east side of the core which strike east-west.
These are seen to best advantage in the vertical
standing, wall-like Flathead formation 1n this
viecinity, which 1s offset in places up to 30 feet.
This faulting post-dates the larger north-south
fault since the latter is terminated in places by
small transverse ones. See Plate 1.

Two faults present on the western flank of
the Armstead anticline seem to be closely related
to the original folding of the structure. The sharp
flexure in the southern portion of the easternmost
Quadrant ridge undoubtedly was formed at the time
of the faulting. The distortion of the formation
caused a slight break and displacement in the strata.
The larger fault to the west was previously mentioned
in commection with the most westerly Quadrant ridge.
This feult has thrust Quadrant over Quadrant to
form a double ridge which extends for more than
three miles north of Horse Pralrie Creek. See
Plate 2, section A-A'.

Only one large normal fault is evident south
of Horse Prairie Creek. (Sectlons 22 and 27,
T. 10 8., R. 11 W.) This fault strikes generally
north-south with the upthrown side to the west.
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Its length is spproximately two mlles, although to
the north it is lost beneath the alluvium.

Thrust faulting.--During the late Laramide

orogeny three great thrust sheets cut across the
earlier Laramide folds. The eastermmost thrust is
the Tendoy. It has been described to the south by
Drexler (1949, p. 43) south of Sheep Creek, and by
Krusekopf (1948, p. 39) north of Sheep Creek.

The Medicine Lodge thrust lies to the west of
the Tendoy, and extends from the Idaho-Montana line
near Medicine Lodge Pass northward into the area
west of Armstead. The Beaverhead thrust lies to
the west of the Medicine Lodge thrust but does neot
extend into the area mapped by the suthoras. It
probably lies to the west.

Tendoy thrust: The Tendoy thrust is exposed only

in the southeast cormer of the area. See geologic
map, Plate 1. At the eastern edge of the region

the thrust 1s lost beneath the alluvium of the
Beaverhead River valley. It reappears agein further
"south in the area north of Sheep Creek Canyon.
Westward in the mapped area it diseppears under the
Medicine Lodge thrust sheet one mile east of Garfield



Canyon. Within the area the Tendoy thrust every-
where consists of Madison limestone which is thrust
over Quadrant quartzite. However, to the south the
thrust has overridden the Red Reoeck conglameraté,
probably of Paleocene age. (Drexler, 1949, p. 43.)

Medicine Lodge thrust: The Medicine Lodge thrust
to the immediate south passes through the area mapped
by Segund and Bowers (1949). It appears in the
southeast corner of the area mapped by the authors.
See geologic map, Plate 1. It trends northwest and
then swings to the southwest as the front passes
above the underlying Tendoy thrust trace. West of
Garfield Canyon the present front of the thrust
swings back again toward the north and continues
northward for four miles until it 1s lost beneath
the alluvium of Horse Pralirie Creek.

The thrust sheet for the most part is composed
of Madison limestone which rests upon the Madlson
of the Tendoy thrust sheet in the southern part of
the area. To the north the Madison rests upon the
Quadrant quartzite and the Phosphoria and Dinwoody
formations in Garfield Canyon, and upon the Kootenal
conglomerate to the northwest of the canyon. (See

‘Plate 15.)



81

The front of the thrust in sections 21 and 28,
T. 10 S., R. 11 W, is broken by an auxiliary fault,
and a wedge of Madison and Quadrant lies beneath the
main body of the thrust sheet. The wedge rests in
turn upon the Cretaceous Kootenai. See geologic map
Plate 1, and section C-C', Plate 2.

A klippe composed of Quadranmt and Madison 1s
present 1h section 16, T. 10 S., R. 11 W. It rests
on the Kootenai formation. The narrow neck of
Kootenal shown on the geologic map, Plate 1, between
the klippe and the main thrust i1s not clearly exposed,
but it represents the best interpretation the writers
were able to make. See Plate 2, section B-B!'.

Within the main sheet to the south is a syn-
cline, which for the most part, strikes north-south
and swings to the east at its southern end. The
center of the downfolded structure is occupled by
Quadrant quartzite, and Madison limestone is present
on either side. Southwest of the syncline Tertiary
basin beds rest unconformebly upon the thrust sheet.

' The Medicine Lodge thrust as well as the other
two thrusts override the Paleocene Red Rock conglom-
erate south of the mespped area. In the region under

‘dliscussion the Red Rock rests upon the Madison lime-
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stone of the Medlcine Lodge thrust sheet. The
conglomerate forms a rather thin cover in the
highest southwestera part of the area. Since the
evidence from those areas mapped to the south
dates the thrusting as post-Red Rock, it seems
evident that the conglomerate in the authors!t

area was deposited much further to the west upon
the exposed Madison. Subsequent thrusting brought
the conglomerate to its present high pesition
apparently on the top of the thrust sheet.

Post-Laramide structure

Following the late Laramide thrust faulting
in southwestern Montana, a long period of erosion
and deposition took place. Alluviation was heavy
in the great intermontane valleys. In the Medicine
Lodge valley it 1s believed that both the late
Eocene Sage Creek formation and the Cook Ranch of
middle Oligocene time are present. These beds on
the east side of Medicine Lodge Creek, in sections
1l and 2, T. 11 S., R. 12 W., dip as much as 40
degrees to the east. Since a normel fault in this

area 1s known to exist close to the south in the
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area mapped by Seglund and Bowers (1948), it is
postulated that the same fault extends northward
into the authoré' area. It has downdropped the
basin beds on the western side while uplifting the
Paleozole formations to the east. Extensive
erosion followed the faulting of the basin beds
until at present time an alluvium covered pediment,
with no displacement apparent, is found where the
basin beds have Seen stripped away.

In the immedilate Armstead érea there is no
evidence of Recént'fanlting or movement. Lipp
(1948, p. 43) has noted evidence of Recent faulting
along the eastern front of the Tendoy Mountains 20
miles to the south, near Dell, Montana. Triangular
facets are present and a dark gray band immediately
above their base 1s thought to be evidence of
renewed movement in Recent times. It 1s possible
that this fault extends north along the front of
the Tendoy Mountains as far as Armstead where 1t
elther dies out or is buried beneath the valley

alluvium of the Beaverhead River.
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PHYSIOGRAPHY

General Characteristics

The terrain of the thesls area which includes
the northern portion of the Tendoy Mountains is in
the Northern Rocky Mountaln Province as outlined by
Fenneman (1931, p. 213). It is maturely dissected
with residual mountains of anticlinal, monoclinal,
and thrust nature giving relief to the area. The
resistant rock composing the mountains 1is principally
limestone of the Madison formation and quartzite of
the Quadrant formation. The mountains are bounded
by broad valleys. The valley on the eastern side
of the area 1s formed by dralnage of the Beaverhead
River and Red Rock Creek, and the basin on the west
is formed by Medicine Lodge Creek and Horse Pralrie
Creek. The slopes on the east mountain flanks grade

into alluvial fans, whereas, those on the west merge

into a roek pediment.

Structural cecontrol of the physlography

The topographic features of the area reflect
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thrust faulting, folding, and high angle faulting.
Great sheets of Madison limestons have been repeated
in the thrusting, end uphold elevations of 2,000
feet or more above the valley floor. The east slopes
of the thrust sheets are very steep, whereas, those
on the west are gentle. There are minor secondary
structures in the thrust sheet that express them-
selves topographically. An example is seen negr the
head of Baker Canyon where the Quadrant quartzite,
present along the axis of a syncline, stands con-
spicuously above the massive limestones that are
well developed in the thrust itself. At the head

of Garfield Canyon & block fault has brought pre-
Cambrian rock in contact with the Medison limestone
with relatively little difference in topographle
relief. The low slopes on the east side of the
Tendoy Mountains are alluvial fans that have resulted
from normal faulting along the mountain front. On
the west side the slopes are upheld by a rock pedi-
ment. The pediment is developed on Paleozoic and
Tertiary rocks and 1s dissected to depths of several
feet. Somewhat deeper gorges are developed on the

actively running stream drainages.
Physiographically the folded portion of the
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area west of Horse Prairie Creek inscluded from east
to west; an anticlinal mountein of Quadrant gquart-
zite; a synclinal valley underlaln by calcareous
sandstone of the Phosphoria formation; a monoclinal
ridge cgped by the Quadrant; a block faulted anti-
clinal valley; a monoclinal ridge upheld by Madison;
and a synclinal valley underlain by the Madison
formation (see Plate 2, section A-A'). Topograph-
ically, the mountains of the folded portion are
much lower than those of the thrust sheet in the
southern part of the area, but they are well ex-
pressed by strong ridges of quartzite and somewhat
subdued ridges of limestone. A large anticlinal
valley which is underlain by block faulted pre-
Cambrian rock is evident about two miles northwest
of Armstead. The authors have proposed the name
"Armstead Anticline" for the structure. Immediately
to the east of the anticline-a& synclinal valley 1s
developed which trends beneath the Beaverhead River.
Hayden (1871, p. 146) describes both of these fea-
tures. The surface of the western limb of the anti-
cline is apparently a pediment surface. No evidence
of alluviation is present. The slopes are also

deeply dissected by gorges 30 to 40 feet in depth.
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This feature constitutes a distinct difference from
the alluvial fan development found at the eastern
foot of the Tendoys immediately to the south.

Stream drainage

The master stream of the area is Horse Prairie
Creek. It is probably a superimposed consequent
stream. Its main tributary streams show evidence
of a variety of types including subsequent, re-
sequent, and insequent. Of speclal interest is the
annular drainage around an isolated prominence of
Dinwoody and Kootenal rocks 4% miles due west of
Armstead. Some drainageways on the pre-Cambrian
rocks in the Armstead anticline make right angle
tarns which may indicate faults or joints.

The Medicine Lodge and Horse Prairie creeks
at present are flowing in extremely wide valley
bottoms. The wide flood plains with numerous aban-
doned channels attest that the streams once carried
mch more water than they do at present. Probably
the wide bottoms were developed in glaclel time
when a much wetter climate enveloped the regioen.

A smeall sluggish stream runs parallel to Red Rock
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Plate 16. The great intermontane valley of the
Beaverhead River. View from east
flank of the Armstead anticline looking
south past Armstead towards Lima.

Plate 17. Photograph illustrating the dlssected
pediment surface in Mediecine Lodge
Valley.
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Creek between Highway 91 and the front of the Tendoy
Mountains; it appears to be an abandoned channel of
the Red Roek Creek.

Erosion surfaces

The sumits of the Tendoy Mountains are flat
or gently undulating slopes. These surfaces are
probably correlated with the other high surfaces
that are recognized in the region. The elevation
1s 8000 feet or higher.

The next lower readily apparent surface is
the rock pediment which rises with an increasing
slope toward the mountains to a few hundred feet
above the floor of the valley. It‘is dissected
in places as much as 75 feet or more. Parts are
either truncated by the Medicine Lodge Creek valley
proper or disappear beneath Recent alluvium at the
very foot of the pediment.
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Plate 18. View along crest of northern Tendoy
Mountains looking south.

Plate 19. Photograph 1llustrating local flatness
_ of the erosion surface on the crest
of northern Tendoy Mountains. In the
background the outline of the Red Rock
Mountains to the east, truncated by

the same erosion surface, is visible.
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PETROLOGY AND PETROGRAPHY

Sedimentary Rocks

General statement.-~-The sedimentary rocks

exposed in the Armstead area are of remarkably
uniform lithology within the individual formations.
In general, the horizontal textural amd color
variations exceed the vertical. The lithologic
descriptions given in this section are primerily
those found in front of the overthrust sheet. It
was found necessary to restriet the stratigrephic
and lithologic descriptions in this menner, due to
the limited number of formations found in the over-
thrust sheet in the Armstead area. The few con-
trasts observed between the lithologies of the
overthrust and underthrust rocks will be discussed
under the formational headings.

Organization.--0f the schemes of orgaenization
possible for a discussion of the petrologlc and
petrographic character of a sedimentary series, the
stratigraphic arrangement was chosen as the most

efficient and the most practical. Thus each rock
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unit will be described in the order in which it occurs
in the stratigraphic column.

The Flathead formation.--Highly resistant to
erosion, the Flathead formation forms massive ridges.
In composition, it is an orthoquartzite. The color
ranges from cream white to a dark mulberry red.
Weathering apparently has little or no effeect upon
its color. There 1s considerable variation along
the strike and in the form of color banding and
zoning. Cross-bedding is developed locally and is
usually defined by color banding or by alternate
layers of fine and coarse material. The graln size
renges from medium fine sand to a poorly sorted con-
glomerate containing pebbles as large as twenty
millimeters. The base of the formation tends to be
more conglomeratic than the upper portions. The
pebbles and grains are generally crystalline quartz
but some pebbles of black chert and even some felds-
pathic material have been noted. They are sub-
'angular to rounded in shape. Plate 20 is a
photomicrograph of the finer phase of this formation.
It 1llustrates the devdopment of secondary or autho-

genlc quartz in optical continuity with the original



rounded grains. The outlines of the pebbles and
grains are made plainly visible, within the oriented
authogenic material, by zones of inclusions which
mark the surface of the original grain. Widely
spaced joints are extensively developed. None of
the fracturing and brecciation observed in other
quartzites in thils area is present. Moat of the
outcrops of this formation are the dense, hard
quartzite described above, but some outerops of mere
porous semi-friable material were observed. The
cement 1s exclusively silicious, with suffieient
iron o¥lde to result in dark stains. There are no
fosslls present as far as could be determined. No

concretions of any sort were noted.

The Wolsey shale.--The Wolsey shale is espec-

ially susceptible to weathering. It weathers to

a green clay which mantles the shale in outerop

and mekes it difficult to secure a fresh specimen.
Only a small part of the section was exposed in the
Armstead area, where a stream channel cut sharply
across the formation. The seamples avallahs for
this study are therefore limited. The rock is dark
green in volor and weathers to light greens and

browns. It is very finely bedded. The beds range.
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in thickness from one to twenty millimeters and
average asbout five or six millimeters. The beds

are extensively crenulated, and are illustrated in
Plate 21. Considerable mica is present in large
enough grains to be easily percelved by the unaided
eye. These mica grains are orlented parallel to

the bedding planes and impart a phyllitlc appearance
to the shale. The folds and erenulsastlions seem to
have developed around long, thin, branching concre-
tions of sendy material. This is not merely a
feature of differential compaction, but is the result
of differential movement as shown by the pattern of
shear folds diagonal and at right angles to the tiny
sand lenses. These folds are apparently the result
of the superior plasticity of the shale and the
superior resistance to deformation of the sand
lenses. No fossils were observed. There are some

calcareous nodules present.

The Meagher formation.--The Meagher formation
forms prominent and continuous ridges near the core
of the Armstead anticline. The rock is a crystalline
dolomite, buff in color when fresh and weathering to
a 1light tan or yellow-buff. The color is constant
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Plate 20. Photomicrograph of Flathead Quartzite,
showing the development of authogenic
quartz around the original grains.
100 Crossed nicols.

plate 21. Photograph of bedding plane of Wolsey
shale, 1llustrating small folds around
sandy lenses. Approximately 3/4X.
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except for small iron stained patches, which center -
around numerous small solution cavities. The Meagher
formation 1s well bedded, and the beds range from
six to eighteen inches in thickness. No lithologle
differences were observed between beds, although
some variation along strike was noticeable. The
variation referred to was observed in an outecrop in
the far southern end of the Armstead anticline and
consisted of silicious impurities in thé dolomite.
All other outcrops are of fine-grained crystalline
dolomite. A photomicrograph of this material is
illustrated in Plate 22. A sample of this dolomite
contained 1.5% insoluble material; no heavy minerals
were detected. Some fosslls were noted in this
formation but were relatively rare. No concretions

were reported.

The Jefferson formation.--Like the Meagher
formation the Jefferson forms prominent and contin-
uous ridges. The rock is a dolomitic limestone.
Brownish-grey on a fresh surface, it weathers to a
light chocolate brown. It 1s petroliferous locally
and exhibits a strong petroliferous odor. The beds
in this formation are about six to eighteen inches
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Plate 22. Photomicrograph of the Meagher

formation. I00X Nicols not erossed.
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in thickness and are massive and of constant lith-
ology. This limestone is relatively impure as
indicated by an insolujible residue content of 15.9%.
No heavy minerals were detected in the residue.
Dense and finely erystalline, this limestone does
not have much apparent porosity or permeability.
Some jointing is present. No fossils or concgetions'

were noted.

The Three Forks formation.--The Three Forks

formation ecannot be described from this area. No
outerops are available for examination, as this
formation of yellow shales and sandstones is a
valley former and invariably covered by a thick

801l zone.

The Madison formation.--The Madison formation
is made up of two members, the lower Lodgepole and
the upper Mission Canyon.

The Lodgepole member of the Madison limestone
is a fairly resistant strata, forming good outcrops
locally. It is a limestone. On a fresh surface, it

is dark blue-grey in color and weathers to a dusty
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yellow-grey. No color variations were observed. It
is very well bedded. The beds are two to four inches
thick and separated from one another by thin shale
partings. The limestone beds are finely orystalline
limestone. They have a somewhat silty or sandy tex-
ture, indicating an appreciable content of impurities
in those size grades. Plate 6 illustrates an out-
crop of this material and shows the limestone beds
standing out on the weathered surface. The folding
noticeable in this photograph is typiecal of all Lodge-
pole outcrops in the Armstead area. The incompetence
of this member is probably due to the lubricating
effect of the shale partings. Some concretions were
observed in the Lodgepole, mainly small chert nodules.
The Mission Canyon member is also a limestone
and is a conspicuous cliff former. Cliffs of this
material tend to be very massive and rounded. S8Solu-
tion caves and sink holes are often found assoclated
with the larger outerops. Little or no talus is
developed, even around the most massive cliffs. It
is blue-grey on a fresh surface and weathers to a
dusty light grey. The Mission Canyon is remarkable
in 1ts lack of bedding. No bedding planes can be
observed throughout the section. The rock is dense,
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finely crystalline limestone. It 1s impure to the
extent indicated by the following insoluble residue
determinations:

Sample l--- 9.1% insoluble residue

Sample 2---11.2% insoluble residue
This formation is very foasiliferous, but collecting
is poor because the fossils weather back at precisely
the same rate as the matrix.

The lithology of the Mission Canyon 1s slightly
different in the overthrust sheet. One large out-
crop of overthrust Mission Canyon was observed in
detail. In thls outerop, layers of brown chert
concretions are distributed throughout the seection.
The individual concretions are about two inches 1in
diameter and roughly circular in cross-section.

They are present in layers approximately one foot
thick and spaced three to five feet spart. Other
outcrops of overthrust Mission Canyon had some brown
chert but were not layered or othérwise grouped into
a pattern. It is presumably a local feature and not
necessarily typical of the Mission Canyon in the

overthrust sheet.

The Amsden formation.-~The Amsden formation
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has a very low resistance to weathering and 1s
usually found covered by a fairly thick soil or
talus zone. It normally occupies a valley between
ridges of the resistant Madison and Quadrant for-
mations. This formation is made up of three litho-
logic units; limestone at the base, calcareous
sandstone in the middle, and limestone at the top. -

The limestone is dark grey-brown on the fresh
surface and weathers to a light brown or brownish
grey. The westhered surface often shows solution
fluting. The rock is medium grained, dense and
compact. It is somewhat fossiliferous. No con-
cretions were reported.

The sandstone member is poorly represented in
outerop due to a low resistance to weathering. It
is buff to light brown in color on both fresh and
weathered surfaces. It is fine grained, the 1lndi-
vidual grains average about one tenth of a milli-
meter. A photomlicrograph of this materlal appears
in Plate 23. The grains are angular to sub-angular
and are poorly cemented by both silicious and car-
bonate material. Present are numerous grains of the
heavy minerals such as zlrcon and hornblende. A

grain of horneblende i1s noticeable in the center
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of Plate 23. The heavy mineral content serves well
to differentiate the Amsden sandstone from that of
the Quadrant, as the Quadrant sandstone has no com-
parable content of grains other than quartz and
chert. Throughout this formation fossils are rare

and concretions absent.

The Quadrant formation.--The Quadrant formation
is a very prominent c¢cliff and ridge former. The
rock 1s an extremely massive and resistant ortho-
quartzite throughout most of the Armstead area.

The color ranges from white to brick red on fresh
surfaces and is not essentially different on a
weathered surface. Bedding was not apparent in the
field, but it may have been obscured to some extent
by the fracturing and brecciation in the Quadrant.
No lithologlic differentiation is present of a
stratigraphic nature. Some varlation was observed
along strike in front of the thrust, and between
the overthrust and underthrust rocks. Under the
thrust some outcrops of semi-friable, slightly iron
stained sandstone were found. Most occurrences,
however, are dense, hard orthoquartzite. A ssample

of the orthoquartzite is shown in the photomicro-
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Plate 23. Photomicrograph of Amsden sandstone.
100X Ricols crossed.

Plate 24. Photomicrograph of Quadrant formation.
100X Nicols crossed.
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graph 111lustrated in Plate 24. The authogenic quartz
is not so obvious in thin-section as in the Flathead
due to the close packing and smaller grain size. The
grains range from one to five tenths of a millimeter
in dlameter. They are angular and thus allow closer
packing than the more rounded grains of the Flathead,
regardless of size. The composition, therefore,
helps to explain the high resistance to weathering
of the Quadrant.

The mode of weathering of the Quadrant formation
merits some discussion. It is apparently very
resistant to chemical weathering and not very resis-
tant to mechanical weathering. In outcrop, it 1is
heavily mantled with talus, which is made-up of
angular blocks ranging from one or two eentimeters
to two or three meters 1in disemeter. Phyasical
weathering in the form of frost pry is probably the
cause of the talus. '

The only variatibns observed between the under
and overthrust rocks of this formation are color
patterns. A banding, analogous to Liesegang banding,
was observed in the overthrust. It was expressed
entirely as e rhythmlec color banding, and no textural

variation was observed. No fossils or concretions
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were noted in either the under or overthrust Quadrant

formation.

The Phosphoria formation.--The Phosphoria

formation forms low slopes but usually exhiblts
falrly accesssble outcrops. It ranges upward from

a basal phosphatic and calcareous sandstone to a
calcareous sandstone containing chert at the top.

The color is distributed stratigraphically, ranging
from white with black specks, due to black chert
greins, at the base, to buff or light brown 1ln the
central and upper portions of the formation. The
bedding is irregular and not very well developed

in most of the outcrops examined. On viewing out-
crops from a distance, however, the bedding stands
out better and it becomes obvious that the Phosphoria
is an incompetent rormatioﬁ. The poorly developed
beds become more distinect and show minor folds
somewhat similar to those in the Lodgepole. The
lithologic composition of the Phosphorisa is rather
distinctive. The sand grains are well rounded and
are mainly quartz, but sufficlient chert and other
mineral grains are present to give the roek a salt
and pepper aspect. A photomicrograph of this material
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in thin section is illustrated in Plate 25. The
basal portion of the section gives a positive test
for phosphorus and is cemented by & dolomitic cal-
cite. The middle and upper portions of the forma-
tion are cemented by caleite and near the top have
small concretions of the typical Phosphoria blue
chert. No fossils are reported from the Phosphoria

in this area.

The Dinwoody formation.--The Dinwoody formation

forms well developed ridges and where it has a high
angle of dip, 1t forms steep cliffs. The basal
portion consists of fine brown siltstone, but the
greater part of the section is a brown silty lime-
stone. It 1s a smooth light brown throughout the
section and weathers to a dark olive brown. It is
very well bedded. The individual beds range from
8ix to eighteen inches in thickness. The limestone
weathers to an extremely porous condition, often in
a somewhat fibrous form. Plate 27 illustrates an
outcrop of Dinwoody intruded by a small volcanle
neck of andesite, in Garfield canyon. The limestone
is very fosslliferous and typlcal Dinwoody fossils

were collected. No concretions were noted.
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Plate 25. Photomicrograph of Phosphoria formation.
100X Crossed nilcols.
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The Kootenai formation.--The Kootenal formation
forms rounded ridges by holding up steep slopes of
less resistent formations. Only a relatively thin
remnant of the Kootenal is present and, due to 1ts
high stratigraphic position, it forms the tops of
ridges and hills. The rock is a guartzy pebble con-
glomerate. It 1s dark brown in color on both fresh
and weathered surfaces. Due to its highly silicious
nature, no effects of chemical weathering are
apparent other than the fact that the matrix wears
back faster than the grains or pebbles. It 1s ;oorly
bedded and forms rounded outcrops. Plate 13 48 a
typical exposure of Kootenai on a slump block in
Horse Prairie Creek valley. Lithologically, the
Kootenal ranges upward from a coarse pebble and
cobble conglomerate to a comrse salt and pepper sand-
stone. The pebbles and grains are very well rounded
and polished. They are almost exclusively chert or
quartzite. The cementing medium 1s siliceous and
often is mixed in with a finer fraction of chert

and send grains. The formation is unfossiliferous.

The Red Rock conglomerate.--The Red Rock con-

glomerate forms isolated, rounded and resistant



outcrops. There are three lithologic phases included
in this formation; namely, quartzite pebble conglo-
merate, & concretionary limestone, and a quartzite
and limestone pebble conglomerate. Only the quart-
zite and limestone conglomeratic phass 1s present

in the Armstead area. The rocks have a dark red
color both on the fresh and weathered surface. Very
little bedding is developed. The formation as a
whole is very badly fractured and Jolnted. The
pebbles and cobbles are angular to subshgular and
are composed of limestone or quartzite. The cement

is calcareous. No fossils were noted.

The Basin Beds.--The Basin Beds are very poorly
exposed in the Armstead area due primarily to the
fact that they occur in the valley slopes under the
alluvial veneer. No systematic discussion of their
petrologic character is, therefore, possible.

Light brown shales of a highly bentonitic nature

were encountered a few miles to the west and south

of the area. In the pediment surface west of
Medicine Lodge Creek, two types of rock were ob#orved:
a coarse and very friable arkoslc sandstone and a

grey shale which was slliceous and highly indurated.
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The outerops examined are small and not contlnuous
for long distances. It is, therefore, probable that
they represent only a fraction of the lithologic
types to be found in the Basin Beds. Both the ben-
tonitic shale and the grey siliceous shale were
fossiliferous. The bentonitic shale contalned
numerous fossil fish scales and bones, and the

grey shale contained very well preserved plant

remains.,
Igneous rocks

General statemént.--Only very limited expo-
sures of igneous rocks were found in the Armstead
area. All are the result of Tertiary vulcanism

with the possible exception of some quartz velns.

Plutonic rocks.--The only rocks which can be
classified as plutonic in origin are the‘quartz
veins. Such veins were observed intruding the
Priassic Dinwoody and various Cambrian and pre-
Cambrian formations. Just south of the Armstead
area in the area mapped by Bowers and Seglund,

the same type of velns were noted intruding the
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Mississippian Madison formation. The veins consisted
of coarsely crystalline, mllky quartz, associﬁted
with small amounts of chalcopyrite, magnetite, and
an unidentified green encrusting mineral. Several
prospeet pits and qlaim sights were found in the
regions where mineralization 1s supposed to have
occurred. No direct evidence of such mineralizgtion

was observed however.

Hypabyssal rocks.--A volcanic neck 1is present

in Garfield canyon. It is intrusive inte the Triassic
Dinwoody formation. Figure 27 1s a photograph of
the exposed Dinwoody rocks in the slde of Garfield
canyon, and it shows clearly the intrusive relation
of the neck to the sedimentary strata. ‘Megascop-
1cally, the rock is grey in color and somewhat
altered. The zone of weathering extends deep into
the exposed surface. The alteration does not seem
to weaken the rock much, as it is still a tough and
cohesive material. Microscopic investigation proves
this rock to be andesitic in composition. It con-
tains small phenocrysts of blotite and zoned
plagioclase. The zoning in the plagioclase takes

the form of zones of inclusions as well as zones
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of differing composition. One small phenocryst of
quartz was noted surrounded by long thin crystals
of biotite. The quartz in this phenocryst was not
e single crystal but apparently an aggregate,
strongly indicating that it was pseudomorphic after
some other mineral. Other pseudomorphs were ob-
served in the form of augite crystals partially.
or wholly replaced by caleite. The ground mess
was composed of the holo-crystalline feldspar in
the typical hypabyssal felted texture. All of the
replacement observed in this rock, with the excep-
tion of the quartz pseudomorph, was in the form
of caleclte. Small grains of magnetite alteredjto

hematite are present.

Extrusive rocks.--Andesite lava flows occur

in the south-central part of the area mapped. They
occur as capping layers on ridges and hills and were
observed in one place to fill a vee shaped depression
interpreted as an o0ld stream channel. Megascopically,
the lavas are dense and fine-grained. They range in
color from light tan through white to blue-grey.
Except for iron staining around individual grains,

the color is independent of weathering. The rocks
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are fractured extensively. Examination of the rock
in thin-section showed 1t to be an andesite. It
contains phenocrysts of blotite, zoned plagloclase
and hornblende. Plate 26 1llustrates a large
phenocryst of zoned andesine of the composition
Abvo to Abeo in the alblte-anorthite series. The
ground mass exhibits some trachytic texture and is
composed of lathes of plagioclase feldspar in a
glassy matrix. A few lathes of biotite are also
present in the ground mass. The structure of the
groundmass 18 also well 1llustrated in Plate 26.
Apatite, magnetite and hematite are found as acces-

sory minerals.

Relation of neck to flows.--Both the flows and
the volcanic neck observed in the Armstead area are
andesite. Thelr mineralogic composition is similar
and thelr texture differs precisely as would be
expected from the variation in their occurrence.

It is difficult to go any farther than this in a

comparison of the two rock types; due to the exten-
sive alteration of the volcanic neck. The contrast
_in apparent resistance to weathering isexplainable

on two counts; first that the flows are more dense
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Plate 26. Photomicrograph of Andesite lava flow
showing zoned andesite phenocryst.

100X Crossed nlcols.

Plate 27. Triassic Dinwoody intruded by volcanic
neck of andesitic rock. Exposed in
Garfield Canyon.
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and impervious due to their glassy matrix and
secondly that the flows are topographically high
and well drained while the volcanie neck outcrops
at the bottom of a stream valley which handles

a considerable portion of the local dralnage. The
evidence presented by the spatial relations of the
two rock types is insufficient to justify any con-
clusion other than the statement that they occur 1in
the same general locality. From all the evidence
avallable, it is possible to conclude only that a

genetic relation is probable but not proven.

The relation of the flows to the Basin Beds.--

Where Tertiary volcanic flows occur interbedded
with the Basin Beds, they are considered as a part
of that rock series. In the Armstead area they
occurred assoclated with older strata. The ben-
tonitic shale of the Basin Beds, however, 1s
evidence of the presence of volcanic activity
during the deposition of that bed, and indicates
an equivalent age for the volcanic activity and
the deposition of the Basin Beds.



91

Metamorphic rocks

General statement.-~-All the pre-Cambrian rocks

in the Armstead area can be classified as metamorphiec
rocks. Dr. E. Wm. Heinrich summarizes the oeccurrence
of pre-Cambrién rocks in this area in the abatract

of his article "Pre-beltian Rocks near Dillon, Montana."
(1949, p. 278). He states: "Three major units of |
pre-beltian metamorphic rocks occur near Dillon,
Montana. The oldest consists of a series of banded
gneisses that are similar to rocks of the Pony series.
Above these lies a group of marbles, schists, and
quartzites, about two miles thick, belonging to the
Cherry Creek series. Hornblende gneiss, which 1is
interlayered with these meta-sediments, represents
chiefly metamorphosed mafic sills, for vestiges of
earlier contact metamorphic effects are preserved

and locally the gneisses transect the marbles.

Cutting both Pony and Cherry Creek rocks 1s a bath-
olith of red granite gneiss (Blacktail granite gneiss).
Transecting these units are dikes and irregular

sheets of pegmatite, diabase, and periodotite, meta-
morphosed and unmetamorphosed and of uncertain age."

The metamorphic rocks in the Armstead area are
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similar to the rocks described by Dr. Heinrich and

are presumably part of the same pre-beltian complex.

“*  Pony series.--Rocks similar to the Pony series

are recognized in the northern end of the Armstead
anticline. To the south they are injected, lit-par-
11t fashion, by pegmatite veins and other granitic
material, eventually giving way to an intrusive mass
of Blacktall granite gnelss. The rocks are very
dark crystalline gneiss. Two thin sections were
examined from the portion of the gneiss not injected
by acld rocks. The locality for the slides 1is as
follows:
No. S=-=-Far northern end of the core
of the Armstead anticline.
No. 12--Same locality.

Microscoplc examination proves the rock to be
a hornblende gneiss contalning an abundant amount
of pyroxene and plagioclase feldspar. Plate 28
is a photomicrograph of a portion of slide No. 12,
The gneissic texture i1s more apparent in hand |
specimen than in thin-section and consists of a
lineation of the darker colored constituents. The
abundant hornblende 1s accompanied by its secondary
equlvalent uralite. Three types of pyroxene are
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Plate 28.

Photomicrograph of hornblende gneiss
from Pony series in the core of the
Armstead anticline. Slide Ro. 12.
100X Crossed nicols.

H = hornblende

P = plagloclase
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present; namely, auglte, diopside, and magnesium
rich hypersthene. Acld labradorite, in the range
Ab,n to Abgy, makes up the remainder of the rock.
Some sericite and ehlorite is present as the

result of alteration.

The Cherry Creek series.--No rocks recogni-

zable as related to the Cherry Creek series oeccur
in the areq mapped. The only criterion available
for differentiating between the Pony series and
the Cherry Creek series 1s the presence or absence
of meta-sediments. Since no meta-sediments are
found in the pre-Cambrian rocks of the Armstead
area, it 1s assuméd that the basic gneilss is best
assigned to Pony age. Dr. Helnrich also is of the
opinion that the gneiss 1is related to the Pony

series (personal communication).

The Blacktall granite gneiss.--A Body of the

intrusive Blacktall grénite gneiss occupies the
central and southarn portions of the core of the
Armstead anticline. It grades northward into a
country rock of injected hornblende gneiss of Pony

age. Megascoplcally, it 1s a red to orange colored
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granite dotted with dark crystals of garnet. The
garnet erystals are approximately one eighth of #n
inch in diameter. Iron stained patches are pro-
minent on the weathered surface. The rock is well
jointed. It weathers to a coarse orange eolored
sand which forms the bed of all streesms draining
the outcrop area. Twelve thin-sections of this
material were examined for this study, four from
the Armstead area and eight kindly loaned to me by
Dr. E. Wm. Heinrich. Dr. Heinrich's slides were
collected from localities ranging from the southern
Ruby Mountains to the northeast, through the type
area of the Blacktalil granite gnelss (near Jaques
Creek), southwes% to the South Medlieine Lodge Creek
area. One of these slides is from an outcrop of
Blacktaill granite gneiss about ten miles north of
Armstead or about five miles north of the northern
end of the mapped area. The exact locallities and
sllde numbers for these samples are listed below:

From northeast to southwest:

No. 29-1lA--Southern Ruby Mountains,
Stone Creek

No. 10-10~~Southern Ruby Mountains,
one mile north of Cactus
Creek divide
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No. 7-18==-Southern Ruby Mountains,
Carter Creek divide

No. 3= l==Main granite gneiss
(K. A. Keenmons area)
Jaques Creek, type area
of the Blacktail granite
gneiss.,

No. 3~ 8--Same locallty, aplitic
rock

No. 25~ l--Happy's Highway (in
K. A. Keenmon's area)
also in type area

No. 9= 6--Ten miles north of
Armstead

Ro. 23-2A-South Medicine Lodge Creek

The slides mede from semples collected in the
Armstead area for this problem are located as
follows:

No. 2--Southern end of the core of
the Armstead anticline, two
miles southwest of Armstead

No. l4--North central portion of the
core of the Armstead anti-
cline

No. 19=--South central portion of the
core of the Armstead anticline

No. 42--Samelocality

The microscoplc examination of slides shows two
mineralogical types of Blacktall granite gneiss. In
the Armstead area the feldspar, which makes up the
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major portion of the rock, is predominantly micro-
cline. Throughout the aresa represented by

Dr. Heinrich's slides, the feldspar 1s predominately
plagloclase, which occurs in two generations of
development. One generation is optically positive,
untwinned plagioclase of acid composition and the
other is slightly more basic, well twinned plaglo-
clase. In spite of this mineraloglcal contrast,
very marked similarities exist between the petro-
graphic characters of almost all slides examined’

of the Blacktail granite gneiss. These characters
are a blebbed structure in the feldspar, both in
untwinned plagioclase (see Plates 29 and 30) and

in microcline (see Plates 32 and 33) and a reaction
rimmed structure of both plagioclase and microcline.
These fesatures occur in slides No. 2, No. 19, No. 42,
No. 9-8, No. 10-10, No. 3-1, No. 3-8, No. 25-1,

No. 23-2a. Some of the structures are very poorly
developed in individual slides and might eaai;y
have been overlooked had they not sppeared so
strikingly in others. The reaction rims around
both plagioclase and microcline are shown in

Plates 29, 30, 31, 32, and 33. Due to the small
size of the blebs and rims in the plagloclase and
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microcline, it is difficult to correctly identify
them. The blebs are invariably higher in index of
refraction than the feldspar that contalns them.
This means that in the microcline, the blebs could
be either quartz or plaglioclase feldspar, and in
the untwinned plagioclase, it could either be
quartz or a more basic plagioclase feldspar. The
relief in each case 1s the same, and since the
index of the two types of feldspar 1s not the same;
1t follows that the blebs in one feldspar do not
have the same index as the blebs in the other feld-
spar. Therefore, it i1s concluded that the blebs
are probably plagloclase of aeld composition where
contained in microcline, and quartz -ﬁere contalned
in the untwinned plagioclase. Such a combination
is necessary to produce an equal amount of relilef
in each occurrence.

.There 1s en interesting alternate hypothesis,
which it has not been possible to verify. No atfempt
is made to defend this hypothesis, it is merely
presen@ed as possibility. It is entirely possible
that the material referred to as untwinned plagio-
clase is an optically inverted potassium feldspar.
The optically positive character of the material is
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the primary Sasis on which it has been determined as
a plegioclase. All potassium feldspars are optically
negative under normal conditioms, however, optically
inverted potassium feldspars have been reported in
some metemorphic rocks. If this were so, in the

case at hand, then it would lead to a somewhat
simpler and more logical identification of the blebs.
They would be contained in material of eésentially
constant composition and therefore constant index.
Since their relief was invariably the ssme in re-
lation to the eontaining feldspar, then 1t follows
that the index and ecomposition of the blebs are
equivalent. This leads to the simple conclusion
that the blebs are plaglioclase and are contained

in potassium feldspar, a special case of perthitic
structure. While this hypsthesis leads to the
simplest conclusion, it requires special conditions
and time was not avallable for ﬁtilizing the special
techniques required to verify or disprove it.

It would appear from this study that the
blebbed structure and rimmed structure are charac-
teristic of the Blacktall granite gneiss and
should be looked for in identifying related occur-

rences of this rock. However, there exist other
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similarities of a mineralogic nature. Garnet 1s
comnonly found although not present in all slides
examined. Zircon is an abundant accessory mineral
in all slides examined. Bilotite i1s also univer-
sally present. Most slides contained small scale
occurrences of myrmekite econsisting of quartz inter-
grown with the twinned plagloclase. Quartz is
universally present as a replacing mineral or in
long recrystallized grains. Its relation to all
other minerals 1s a eross-cutting one. The slides
collected near the contact with the Pony roecks |
showed development of secondary chlorite and seri-
cite. Veinlets of unusually transparent and
coarsely crystalline hematite were noted, chilefly
from slides in or near the Armstead area. Apatite
and magnetite are commonly present as minor acces-
sories. Shreds and other small remnants of green
hornblende were noted rather commonly.

The Blacktall granite gneiss offers an ex-
cellent opportunity for further research of a
petrologic and mineralogic nature. The Gneiss is
spread over a wlde area and 1t would be interesting

to see what correlations of a spacial nature exist
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between the two varieties of blebbed feldspar. More
precise investigation by use of crushed fragments
and other optical techniques 1sAnaeded to shed more
light on the problem of correctly identifying the
feldspars. More extensive and systematic sampling
of the Blacktall granite gneiss would help define
the limits of varliation and therefore allow signi-
ficant generalizations about zones and directiom

of variation. Thus it 1s felt that the Blacktail
granite gnelss offers a fertile field for further

study, of a more detailed nature.
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Plates 29 and 30



Plate 29.

Plate 30.

Photomicrograph of Blacktall granite
gneiss from an outcrop approximately
ten miles north of Armstead. Slide

No. 9-6. Illustrates blebbed structure
in untwinned plagloeclase. 100X Crossed
nicols.

My = myrmekitic intergrowth
of quartz and plagloclase.

plagioelase
Q = quartz

R = reaction rim

Photomicrograph of slide No. 9=6.

Blaektall granite gneiss. Illustrating

blebbed plagioclase, twinned plagioclase
and the development of reaction rims.
100X Crossed nicols.
P = plagioclase
- Q = quarts

R = reaction rim
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Plates 31 and 32



Plate 31. Photomicrograph of Blacktail granite
gneiss, slide No. 9-6, 1llustrating
reaction Plmming of well twinned
plagioclase. 100X Crossed nicols.

P = plaglioclase
Q = quartz

R = reaction rim

Plate 32. Photomicrograph of Blacktall granite
gneiss from outerop two miles south-
west of Armstead anticline, i1llustrating
blebbed microcline and reaction rimming
on microcline. Slide No. 2. 100X
Crossed nicols.

M = mierocline

R = reaection rim
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Plate 33



Plate 33. Photomicrograph of Blacktall granite
gnelss, Slide No. 2. Illustrates
blebbed microcline and reaction rims.

100X Crossed nicols.






109

POST-JURASSIC HISTORY OF SOUTHWESTERN MONTANA

The following history of southwestern Montana
was worked out at a meeting attended by Dr. A. J.
Eardley and master's theses students of the
University of Miechigan who did field work in the
reglion during the summer of 1948. Additlons have

been made to some of the original statements.

1. Uplift (probably orogenic) of Cordilleran
geanticline and deposition of Kootenal clastiecs;

conglomerate generally at the base.

2. Uplift (probably orogenie and lasting
through most of upper Cretaceous) of Cordilleran
geanticline and deposition of Colorado group

clasties.

3. Early Laramide orogeny to form northeast
trending folds. Snowcrest Range 1s a prominent
element. The Armstead anticline and related

structures were probably formed at this time.

4. Deposition of Red Rock conglomerate.
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Position of highland possibly to southwest in Idaho,
but relation to northeast trending folds not yet
clear. The distribution and lithologie variations
of the conglomerate must be better understood
before the location and character of the highland

- can be discerned.

5. Mid-Laramide orogeny; second episode of
northeast folding resulting in upturning of Red Rock
conglomerate along the Snowerest Range and folding
of the conglomerate in other places.

6. Late Laramide orogeny; formation of three
great thrust sheets athwart the northeast trending
folds. Thrusts strike northerly and northwesterly
and contain elements of the northeasterly folds.
All override the Red Rock conglomerate. Thrusts
from the eadt to west are Tendoy (north of Sheep
Creek Canyon), Medicine Lodge (from Medicine Lodge
Pass, Idaho-Montana line to Armstead and beyond),
and Beaverhead. The Tendoy and Medieine Lodge
thrusts have been traced across the Armstead area.
Further work 1is necessary in order to trace the
Medicine Lodge fault north of Horse Prairie Creek
where it undoubtedly éﬁergas from the alluvium.
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7. Long eplsode of erosion and possibly some
additional crustal movements during lower middle,
and early late Eocene time, which resulted in great,

broad intermontane valleys.

8. Volcanism broke out in nearby regions,
focusing in Yellowstone Park and Absaroka Range.
It sterted in late Eocene. Volcanism of superior
magnitude also in the Coast Range region of Oregon
and Washington at this time resulted in damming of
drainage ways and sbundant ash and dust falls.
Alluviation of great intermontane valleys of south-
western Montana was heﬁvy. Deposition of Sage Creek
formation (late Eocene) in southwestern Montana,
and other formations of equivalent age elsewhere

over a wide regilon.

9. Local gentle deformation and erosion in

early Ollgocens.

10. Continued volcanism nearby and deposition
of Cook Ranch beds in middle Oligocene time, on
Sage Creek beds. Contact obscure and extent of

erosion not known.
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1l1. Early episode of block-faulting. Volcanlam
broke out at north end of Blacktail Range and ex-
tensively in Snake River Velley and Yellowstone
Park and Columbla Plateau. Deposition of lower
Miocene Blacktail Deer beds and assoclated basalts,
tuffs, snd agglomerates in Upper Sage Creek, along
northwest flank of Snowcrest Range and in Ruby
Basin. Called Passamari by Dorr and Wheeler. The
before mentioned normal fault along the eastern
edge of Medicine Lodge Creek Valley probably
occurred at this time.

12. Erosion to extensive surface of moderate
relief. In places the pre-Sage Creek surface may
have been reexhumed and become coextensive with
this post-Blacktail surface. Present now in summit
ereas of Blacktail Range where lower Miocene basmelts

and tuffaceous beds are gently beveled.
13. Second episode of block-faulting.

l4. Deposition of upper Miocene and lower

Pliocens Madison Valley beds in Ruby Basin.

15. Reglonal uplift, in places possibly more

block-faulting, and erosion of extensive pediments.
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Those on the northwest side of Snowcrest Range most
extensively and perfectly developed. Pediments on
basin beds of back valleys in Beaverhead range
(graben valleys) are of this age. In valleys like
Beaverhead River, Blacktall Creek and Sweetwater,
downfaulting was so extensive that alluvial aproné
were deposited along the base of the fault scarps.
The pediment to the east of Mediecine Lodge Creek
developed at this time.

16. Third episode of block faulting and
alluviation in places and dissection of pediments.
Two eplsodes of glaciation in Beaverhead Mountains,

probably one before dissection, and one after.

17. Continuation of block faulting at front
of Tendoy Range in modern times.
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