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In Pocket

GEOLOGY OF THE WHETSTONE RIDGE AREA,
MEAGHER COUNTY, MONTANA
INTRODUC TION

Location and Accessibjlity

The thesis area is located in Meagher County, Montana,
approximately 0 miles southeast of White Sulphur Springs (Plate 1).

The area includes the eastern part of the Castle Mountains, spec-

fically the eastern sections of Ts. 8 and

9

N., R. 9 E., and the

western sections of Ts. 8 and 9 N., R. jO E. Within the area
mapped are the small con-munities of Lennep and Checkerboard, now
but remnants of once busy mining centers.

Access to the area is excellent. The main approach to the
area is from the northwest. U.S. Highway l leads southeast from
White Sulphur Springs through the town of Checicerboarci ard marks

the northern boundary of the area, Montana State Highway 294, an

all-weather road that extends west from Martinsdale and ciosely

parallels the Chicago, Milwaukee, St. Paul, and Pacific Railroad
marks the southern boundary of the thesis area. In addition, improved and unimproved roads provide access into the area.
Purposes and Methods of Investigation

The primary purposes of the thesis problem were: 1) to map
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the surface geology of the area; 2) to determine the major structures

of the area; and 3) to measure and describe the stratigraphic units
of the area.
Fieldwork began on June 28, 1968 andwas completed August
29, 1968. The surface mapping was plotted on high altitude

(1:60,000) aerial photographs, then transferred to U. S. Forest
Service 30-minute (1 inch = 1 mile) pla.nimetric quadrangle sheets,
610.-i through 610-4.

Attitudes were taken with the Brunton compass and strati-

graphic thickness measured directly, using a Jacobs staff. Most
lithologic descriptions were made in the field with the aid of a lOx
hand lens. Microscopic study of 47 thin sections supplemented the

field examinations.

Gilbert's (Williams, Turner and Gilbert, 1954) classification
is used for all sandstone descriptions. Carbonate rocks are classified according to the system proposed by Leighten and Pendexter
(1962). The scheme suggested by Travis (1955) is used to classify

the igneous rocks.
Previous Work

The first geological study of the Castle Mountains and surrounding area was made by Weed and Pirs son in 1894. The

reconaissance study, includes descriptions of the lithology,

4

petrography, and general geology of the area.

Several workers have since made further studies of the lithology and stratigraphy in the area. Stone (1907) mapped the Eagle

Sandstone near Lennep. Stone and Calvert (1910) made stratigraphic studies of the Livingston Group. In 1918, C. F. Bowen mapped
part of the Musseishell Valley 15 miles east of the thesis area.

Gardner et al, (1946), measured and described the Cretaceous,
Jurassic, and Carboniferous formations in the Castle Mountains and
vicinity.

Tanner (1949) made the first detailed geologic map of the
Castle Mountains including the southwestern part of the area de-

scribed in this paper. Emphasis was on correlations of the Upper
Cretaceous rocks.
Winters (1965) studied the Castle Mountain mining district

immediately west of the subject area of this paper and published
geologic maps and geochemical dispersion patterns of the district.
Sims (1964, 1967) mapped and described in detail the Livings
ton Group of the Crazy Mountain area and proposed new formations

for part of the Upper Cretaceous rocks.
Climate

The relatively moist climate of the Castle Mountains sets it

apart from the generally semi-arid climate of Meagher County. No

5

systematically collected weather data is available for the mapped

area, but weather statistics from Kings Hill (15 miles to the northwest) suggest about 20 inches of annual precipitation for the thesis

area. The precipitation estimate included about 100 ircbes of
annual snowfall.

The mean annual temperature is about 370 F. Temperatures

range in the 80's and 90's during the summer months. Winter
temperatures seldom drop below _400 F.

June, July, and August are the most pleasant months for

field work in the area mapped. However, thunderstorm showers
and late spring snowfalls can interrupt field work for short periods.
{ge tation
Several types of vegetation are included within the thesis

area. There is a direct correlation between rock type and vegetation type.

Carbonate rocks generally support lodgepole pine, fir, and
spruce. Native range grasses and sagebrush cover hills of sand-

stone and shale around Lennep as well as terrain underlain by

slates in the vicinity of Flagstaff Reservoir.

STRATIGRAPHY

Sedimentary, metamorphic, and igneous rocks are exposed in

the thesis area. Their areal distribution is shown in Plate 3 and a
summary of the stratigraphic units, their thickness, general lithologi.es and ages is presented in Table

1.

The regional correlation

chart (Table Z) was compiled from Montana Bureau of Mines and
Geology Special Publication 31 (1963). The chart illustrating

development of the Upper Cretaceous terminology (Table 3) was
modified from Sims (1967).

Precambrian System
Belt Series
Peale and Merrill (1893) mapped and described the Belt series

as a thick sequence of shales, slates, argillites, quartzites, and
limestones in the Little Belt Mountains about 15 miles northeast of

the thesis area,
In the map area, the Belt Series is dominantly green micaceous
slate and shale (Figure 1). The low hl1s surrounding Flagstaff
Reservoir are typical of the topography developed upon these non-

resistant rocks (Figure 2). Thick-bedded gray limestones are
particularly well-exposedin two roadcuts along U.S. Highway 12 in

the NE1/4 of secs, 2 and 7, T. 9 N,, R. 9 E,, and T. 9 N.,

Table I. Generalized stratigraphic column of the Whetstone Ridge area.
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Figure 1. Steeply dipping slates of the Belt Series near Flagstaff
Reservoir. Note the unconsolidated glacial debris just
above the hammer.

Figure Z. View to the north of the topography developed on the Belt
Series. Flagstaff Reservoir with the Little Belt Mountains
in the background.
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B. bE. , respectively. Up to 400 feet of relief exists on the gently
folded gray limestones near U. S. Highway 12. A sequence of brown

quartzites arid calcareous quartz sandstones is traceable across the
northern part of the area mapped and is well-exposed in th center

of the SE1/4 of sec. 7, T. 9 N.

,

B. 10 E. These quartz-rich rocks

are approximately 180 feet thick and form a series of low but sharp
ridges. In the N1/Z of sec. 15, T. 9N. , B. 9 E., a sequence of

chocolate brown and dull purple-red argilites form steep slopes.
The Precambrian- Cambrian contact is not exposed within the

area mapped, However, to the immediate west in sec. 5, T. 9J'1.

B. 9 E., basal Flathead sandstones overlie dull purple- red 8eittan
argilites with an angular discordance of eight to ten degrees.

Belt strata can be considered unfossjljferous within the area

napped.
Metamorphism of the Belt Series has not proceeded far

enough to mask the original character of the sediments. Initially,
sand, and carbonate muds were deposited in a late Precambrian

sea arid eventually were compacted into sandstone, shale, and limestone;.
Deeper burial and mild deformation further compacted the sedimen-.

tary rocks into quartzites, slates and argillites.
Abundant mudcracks and ripple marks suggest a shallow water
en4.rironment for the Belt rocks within the map area. Moreover,

mudcracks and ripple marks accompany cross-bedding, and casta of
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halite (?) crystals in the Appekunny and Shepard Formations of

Glacier Park, an association further supporting the probability of
a shallow water depositional environment.

Poor outcrops, lack of fossils, and difficulty in distinguishing
between lithologically similar beds prohibited subdivision of Belt

strata within the area of concern. No section was measured; how-

ever, estimates from aerial photographs suggest that about Z 000

feet of Belt strata are represented in the area.
Cambrian System

Flathead Formation
Usage of the Flathead Formation in this paper does not correspond to the original usage of Peale and Merrill (1893), who included the Flathead sandstones and Flathead shales (now Wolsey

shales), in one formation. Deiss (1936) designated as type section
of the Flathead a sequence of rusty-red and brown sandstones and

quartzites exposed along Belt Creek about 30 miles north of the

thesis area in the Little Belt Mountains. About 180 feet of Flathead
sandstone was reported by Deiss from the north side of Checkerboard Creek in the SE1/2 of sec. 5, T. 9 N., R. 9 E. The Belt
Creek and Checkerboard Creek sections are very similar in litho-

logy to the Flathead strata in the area of the present report.
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No Cambrian-Precambrian contact is exposed in the thesis
area; however, along Checkerboard Creek immediately west of the

area, basal Cambrian sandstones overlie red-purple Beltian argillites with an angular discordance of eight to ten degrees.
The upper contact with the Cambrian Undivided rocks is

covered by Flathead talus throughout the map area. Deiss

(1936)

considered that the Wolsey Shale was in conformity with the over-

lying Flathead strata in the Castle Mountain area.
Distribution and Physiographic Expression

The very resistant Flathead sandstones and quartzites form a
nearly continuous, somewhat sinuous, hogback ridge across the

northern part of the thesis area (Figure 3). The hogback is the
backbone of Whetstone Ridge in the north-central part of the area

mapped. Relief ranges from 30 feet near the western boundary of

the area up to 500 feet along Whetstone Ridge.
Lithology and Thickness

Flathead rocks within the thesis area consist of a basal light
brown conglorneratic sandstone and quartzite and overlying grayish-

red, medium-grained, sandstones. Worm molds (?), consisting of
a meshwork of holes, are abundant in the upper sandstone, but were

not observed in the basal units. A shallow depression generally

13

marks the division into lower and upper units.
Lithologically, the Flathead has characteristics common to
both quartz sandstones and quartzites. All the rocks in the mapped

area are well indurated. However, the lower strata exhibit more
sutured grain contacts. Silica overgrowths

on

rounded detrital

quartz are very abundant throughout the formation. Detrital quartz

comprises about 99 percent of the rocks with traces of rnicrocline

and muscovite. The lower Flathead beds are conglomeratic to

coarse-grained quartzites, whereas the upper, less indurated beds,
are medium-grained quartz arenite S.
The Flathead was measured southwest of Flagstaff Reservoir
in the NE1/4SE1/4NW1/4 of sec. 13, T. 9 N., R. 9 E, Approxi-

mately 188 feet of quartz sandstones and quartzites were attributed

to the Flathead Formation in the thesis area. JJeiss measured 183
feet of Flathead sandstone along the north side of Checkerboard
Creek about one mile west of the area mapped and Z43 feet of

sand-

stone and quartzite in the type section along Belt Creek 30 miles to
the north,
Age and Fossils

No fossils were found in the Flathead Formation in the thesis

area, Rocks assigned to the Flathead Formation are considered as
such on the basis of stratigraphic position and similarity in their
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lithology to published measured sections in the Castle and Little

Belt Mountains. The Flathead Formation is considered Middle
Cambrian by Deiss (1936) on the basis of its conformable position

immediately below the fossil..bearing Wolsey Shale of Middle
Cambrian age.
Source and Depositional Environment

The abundant rounded detrital quartz suggests long transpor-

tation or much reworking. Quartz derived from underlying Pre-

cambrian quartzites and gneisses could have been the source.
The vertical sequence within the Flathead suggests formation

during marine transgression, with initial deposition of basal conglomeratic sands and subsequent decrease in sand size
lap

during

on-

(Deiss, 1936).
Cambrian Undivided
Ifl

the northern part of the area a prominent valley between

ridges of resistant Flathead sandstone and Pilgrim limestone is
probably underlain by the Wolsey, Meagher, and Park Formations
(Figure 4). No outcrops were observed in the seven mile long

valley, but to the immediate west along Checkerboard Creek, Deiss
(1936) measured 68Z feet of Wolsey, Meagher, and Park strata. In

this paper the three Cambrian formations were grouped together to

'

:._. __ .

p

-

-

'

,(.' cIl

'

e

Figure 3. Typical outcrop of the Flathead Formation.

-

a"

Figure 4. View eastward showing valley formed between resistant
Flathead sandstones (Cf) and Pilgrim limestones (C,).
Nonresistant Cambrian Undivided strata underlie the
valley.
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form a mappable unit.

Pilgrim Formation
At the type locality on Dry Wolf Creek in the L,ittle Belt

Mountains, the Pilgrim Formation consists of gray limestone,
intraformational flat-pebble conglorne rate, and dolomite. Deis s
(1936) measured 315 feet of Pilgrim strata at its type locality. He

made official note of the distinctive lithology of the flat-pebble conglome rates.

Tanner (1949) measizred the Pilgrim Formation about 15

miles west of the thesis area near the Straugh Ranch and divided it
into four units. The lowermost unit, about 80 feet

thick,

consists

mainly of flat-pebble conglomerate. Above this is a unit of finely

crystalline gray limestone 43 feet thick. Another init of flatpebble conglomerate, about 82 feet thick, overlis the gray lime-

stones. The uppermost unit, 60 feet thick, consists of thick-bedded

conglomerate separated by thin silty partings of gray limestone.

In the thesis area, the Pilgrim Formation is probably underlain by the Park shales and overlain by Devoni.an strata, but neither
the upper or lower formational contacts are exposed. However, the

author observeduppe and lower contacts to the immediate west

of the area on Checkerboard Creek Here Park shales appear to
conformably underlie Pilgrim conglomerate. A major disconformity

17

is evident at the i.pper contact since both Ordoviclan and Silurian

rocks are absent.
Distribution and Physiographic Expres sion

The Pilgrim Formation is confined to the northern part of the

thesis area. In the north-central part of the area, resistant flatpebble conglomerates form a conspicuous hogback particularly evident along Whetstone Ridge (Figure 5). Near the western boundary,

Pilgrim conglomerates form low ledges that protrude from grassy
slopes.
Lithology and Thickness

Only the distinctive flat-pebble conglomerates are exposed in

the area of concern. The author did not observe limestone or

dolomite in the Pilgrim, but they could be present beneath the large
covered intervals above and below the exposed conglomerate.

The conglomerate consists of slightly warped discoidal pebbles
of olive gray limestone supported in a dark gray limestone matrix.

Microscopically, the flat pebbles are shown to be composed of

micrite and the matrix of coarse sparry calcite. Tanner (1949) re-

ported that olites occur in the matrix of the Pilgrim conglomerate
immediately west of the thesis area, but olites were not observed
in the matrix of the conglomerate in my collections from the thesis
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Figure 5. Hogback ridge of limestone flat-pebble conglomerate of the Pilgrim Formation. Located
in the SW1/4SE1/4 sec. 14, T. 9N. , R. 9 E.
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area.
The limestone pebbles are generally elliptical in outline, one

to two inches in the longer diameter, one-half to three-fourths of an
inch in the shorter diameter, and about one-fourth inch thick.
Taimer (1949) states that the pebbles have no constant orientation

with the bedding planes, but the writer noted a definite parallel relationship with the bedding planes.

About Z45 feet of Pilgrim strata was measured southeast of

Flagstaff Reservoir in the NW1/4SW1/4SWJ/4 of sec, 19, T. 9 N.,

R. 10 E. Upper and lower limits of the formation were determined
on the basis of float and soil color.
Age and Fossils
Several dozen unidentifiable trilobite fragments were found

weathering out of the flat-pebble conglomerate matrix. Deiss (1936)
reported abundant Crepicephalus from the upper third of the type
section on Dry Wolf Creek, This trilobite is generally considered

to be a good index fossil for the lower Upper Cambrian, Tanner
(1949) reported imprints of Hyolithes, a common Cambrian fossil,

from the matrix of the upper flat-pebble conglomerates in the Castle
Mountain area.

The rocks described from the Pilgrim Formation in the thesis
area are considered to be correlative to the type section on Dry

Wolf Creek, a conclusion based on stratigraphic position and distinctive lithology. The Pilgrim Formation is considered to be the
lowest formation of the Upper Cambrian in western and central
Montana (Deiss, 1936).
Sour-ce and Depositional Environment

Flat-pebble conglomerates are found in Upper and Middle
Cambrian formations over a large area in the Rocky Mountain region,
but the paleogeographic conditions leading to such lithology are diffi-'
cult to imagine,. The discoidal pebbles suggested to Tanner (1949)

that crusts of limestone were broken up very soon after deposition
and rolled along the sea bottom by multi-directional currents.

Tanner also believed that this peculiar lithology indicated a period of
crustal stability in which calcareous mud was deposited at high tide
levels and then desiccated and broken up at low tide and moved about

by tidal currents.
Pettijohn (1957) states that intraformational limestone conglomerates can be formed by either desiccation and redeposition, as

suggested by Tanner or could result from subaqueous fragmentation
and turbidity flow transport. Intraformational conglomerates result ing from subaqueous slumping and turbidity currents may be geo-

graphically widespread and represent a precise time horizon since

the event producing the deposit took only a microsecond, geologically.

Devonian System

Jefferson Formation
The Jefferson Formation was originally named and described
by Peale and Merrill (1893) for exposures about 50 miles southwest

of the thesis area near Three Forks, Montana. He described it as a
sequence of medium-to thick-bedded brown and black finely crystal-

line limestone,
In 1947, Sloss and Laird proposed that part of the Devonian

strata on the north side of the Gallatin River, northeast of Logan, in

the SE1/4 of sec. 2.5, T. 2 N., R. 2 E. be considered the type section for the Jefferson Formation, At the type locality, the Jefferson
is divided into two parts. The lower part consists of 470 feet of
brown to gray dolomite and limestone rich in Amphipora. The upper

part, about 70 feet thick, is light gray to brown finely crystalline
dolomite.

The Jefferson Formation in the thesis area is a brown to gray,
thin-to thick-bedded dolomite and algal limestone about 315 feet
thick. In the map area, these rocks overlie the Pilgrim Formation

and are overlain by the Lodgepole Formation. The contact with the
overlying Lodgepole strata is not exposed, but the change from
brown massive dolomite to the gray, thin-bedded, fossiliferous

limestones of the Lodgepole is evident, Winters (1965) assigned 145

zz

feet of thin-bedded limestone to the Three Forks Formation immedi-

ately west of the area mapped. The Three Forks Formation was not

recognized by the writer within the the $ i s a r e a

A ma J 0 r

disconformity separates algal limestones of Devonian age from the
limestone flat-pebble conglomerates of the Upper Cambrian. Sediments of Ordovician and Silurian age are absent because of erosion
or non-deposition.

Distribution and Physiographic Expression

Exposures of Jefferson beds are confined to the northern part

of the thesis area. The beds are resistant and form bluffs but do not
stand out topographically from the surrounding resistant Paleozotc

rocks. The best outcrops are in the vicinity of the measured section

on Whetstone Ridge in secs. 19 and 30, T. 9 N., R. 10 E.
Lithology and Thickness

The Jefferson Formation is here treated as divisible into two
units. The lower unit consists of gray, thin-bedded limestones rich

in algal material, A strong fetid odor was noted upon fresh fracture
of the rock. The upper unit consists of brown to gray, thick-bedded

to massive dolomite. The lower part of this unit exhibits small
vuggy to pinpoint porosity and is slightly calcareous.

In thin section, the algal limestones show alternating thin
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layers of dolomitic micrite and finely crystalline sparry calcite,
suggesting to the author a stromatolitic structure. Finely crystalline well-formed dolomite rhombs characterize the upper unit.

Micrite makes up to 20 percent of some rocks with a trace of
sparry calcite patches noted throughout all the doloinites.
About 315 feet of Jefferson strata was measured on Whetstone

Ridge starting in the SW1/4sw1/4Sw1/4 of sec. 19, T. 9 N., R, 10
E.., and measuring along a S. 450 w bearing to the summit of the
ridge.
Age and Fossils

The only fossils found in Jefferson strata were algal material
of unidentifiable age, Owing to the dolomitization, fossils are
generally absent. However, Kindle (1908) reported coelenterates,
pelecypods, and brachiopods.which he dated as Early and Middle

Devonian in age. A assemblage of conodonts, brachiopods, and
corals were dated as Late Devonianby Sloss andLairci (1947).
Perry (1962) assigned at Middle Devonian age to the Jefferson
For mati on.

Source and Depositional Environment

During Middle Devonian time, a sea covered most of Montana

(Perry, 1962). The writer postulates that organically and

inorganically precipitated calcium carbonate, shells, and stromatolites formed thick accumulations of calcareous mud on the seafloor.

Overburden pressure compacted the material into limestone, ard with
time, many of the limestones recrystallized into dolomités
Shallow water and shoal areas in the Middle Devonian sea

were often sutted to the development of reefs. The algal limestone
of the lower unit could have formed in a reef-type environment.
Mississippian System
Madison Group
In

the Castle Mountain area, the Madison Group can be divided

into the Mission Canyon and Lodgepole Formations. Peale and

Merrill (1893) named the Madison "Formation' and subdivided it in-.

to laminated limestones, massive limestones, and jaspery limestones, from top to bottom. Collier and Catheart (192Z) raised the
Madison rocks to group rank when they separated them into the
lower Lodgepole Formation and the upper Mission Canyon Formation. The Lodgepole includes Peale's laminated limestone unit and

the Mission Canyon, his massive limestones. Sloss and Hamblin
(194Z) proposed a type section for the Madison Group just north of

Logan, Montana, where they measured 1, 643 feet of strata.
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Lodgepole Formation

The Lodgepole Formation is underlain by the Jefferson
Formation of Devonian age and overlain by Mississippian limestones
of the Mission Canyon Formation. The contact with the Jefferson

is not exposed within the thesis area, so was arbitrarily placed
above the uppermost occurrence of brown dolomite. Talus fron

the resistant Mission Canyon limestones covers the upper contact.
In southwestern Montana the contact between Lodgepole and Mission

Canyon limestones is considered to be conformable and gradattonal,
with no evidence of break in the depositional history. The contact

in the area mapped was somewhat arbitrarily placed just below the

lowest appearance of thin-bedded, fossiliferous limestone.
Distribution and Physiographic Expression.

In the Castle

Mountain region, Madison limestones form the major ridges. The

Lodgepole Formation is present in the northern part of the area
mapped and forms part of Whetstone Ridge. Elsewhere, although

poorly exposed, it forms a series of low bluffs.
The best exposures are along the measured section on Whetstone Ridge and

in

Flagstaff Canyon. At Flagstaff Canyon, several

outcrops of the thin-to medium-bedded limestones form stacklike

features (Figure 6).
Lithology and Thickness.

The Lodgepole consists of

:
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Figure 6. A typical exposure of shaly limestone of the
Lodgepole Formation. Located in Flagstaff
Canyon.
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evenly-bedded, gray limestone, in beds one to six inches thick,

separated by partings of calcareous shale, The bedding is rn,oderately undulating and locally contorted. In the northern part of sec.

2, T. 9 N., R. 9 E., steeply dipping Lodgepole limestores exhibit
small-scale disharmonic folding. The folds, where observed,
form and die-out within 10 to 15 feet of stratigraphic thickness.
Fossils are very abundant throughout the formation and in-

dude brachiopods, bryozoans, corals, and crinoids.
A traverse beginning in the NW1/4SW1/45E1/4 of sec. 24,

T. 9 N., R. 9 E. and proceeding southwest down Whetstone Ridge
crosses a thickress of about 240 feet of Lodgepole limestone.
Areas of steeply dipping beds were not considered for a measured
section because of the possibility of disharmonic folding. Dips
along the measured section on Whetstone Ridge range between 26

and 38 degrees. Sloss and Hamblin (1942) reported 731 feet of
Lodgepole limestone from the type section near Logan about 55

miles southwest of the thesis area. A pace and compass traverse
by Tanner (1949) on Cottonwood Creek about 15 miles west of the

area indicated a thickness of 780 feet of Lodgepole. Winters (1965)
estimated about 800 feet of Lodgepole limestone in the Castle

Mountain mining district to the immediate west of the thesis area,
The large discrepancy in formation thickness between the
author's section and that of Tanner and Sloss and Hamblin could

be a result of several things. Faulting unrecognized in either section would give the section a false thickness. Folding, especially of

the disharmonic type, would also mask the true formation thickness.

Possibly an error was madein selecting the forrnational contacts.
Winters did not measure any stratigraphic sections, and the formational thicknesses reported by him were only rough estimates.
Age and Fossils.

The Lodgepole Formation is very fossi.li-

ferous In the thesis area and throughout western Montana, The

fossils identified by the writer include Composita sp.

,

Spirifer sp.

Dictyoclostus sp., and Syringopora sp. Numerous unidentifiable
brachiopod, crinoid, and bryozoan fragments were also found.

These fossils, and faunal assemblages collected by others, indicate
a Lower Mississippian or Kinderhookian age.
Source and Depositional Environment.

At the beginning f the

Mississippian Period, all of Montana was submerged beneath marine

water (Perry, 1962). Extensive marine carbonate precipitation and
shell material formed the thick accumulations of Lodgepole limestones. Lack of terrigenous material suggests the remoteness of a
Landmass,

Mission Canyon Formation

Mines located in the Mission Canyon Formation contributed to

about half the Castle Mountain mining district's production (Winters,
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1965). In the thesis area, numerous abandoned prospects were

observed in the Mission Canyon limestones, especially on Whetstone
Ridge. Tension cracks, formed by folding of the limestones, pro-

vided channels for mineralizing solutions (Winters, 1965).
The Mission CanyonLodgepole contact is generally considered
to be gradational throughout southwestern Montana, and this rela-

ttonship probably exists in the thesis area. For mapping purposes
location of the contact with the overlying Big Snowy Group was

placed at a line marking a sharp break in slope and difference in
soil coloration. The Mission Canyon limestones weather to a gray

soil as contrasted to the reddish soil of the Big Snowy Group,
Distribution and Physiographic Expression.

The Mission

Canyon limestones are the most prominent cliff-formers in the

thesis area, making up well-exposed massive gray limestone bluffs
on Whetstone Ridge and in Flagstaff Canyon (Figures 7 and 8).

Along the southeast flank of Thorsens Pond Anticline the limestones

have differentially eroded into spires and crags. Small caverns and

arches are common in the massive Mission Canyon lime stones and

are particularly evident in secs. 22 and 23 of T. 9 N., R. 9 E.
Lithology and Thickness.

The Mission Canyon Formation is a

fairly uniform unit of massive gray to yellowish-gray limestone.
Locally the limestone exhibits thick but vaguely developed bedding.

These massive lirnestones are characterized by irregular chert
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Figure 7. Good outcrop of massive limestone of the Mission Canyon
Formation in Flagstaff Canyon.

Figure 8. View to the east showing Whetstone Ridge and limestone
bluffs of the Madison Group.
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nodules and reddish-brown chert stringers that generally parallel
the bedding and can with care be used to determine dip and strike.

Fossils are much less common in the Mission Canyon than in the
underlying Lodgepole lirnestones.

Petrographically, the limestones are mainly composed of
micrite with subordinate o611.tes and sparry calcite. Locally,

olites may form up to 90 percent of some rocks. The olites are
well-rounded and average about one-fourth inch in diameter, Sparry

calcite is usually present in the numerous veinlets that penetrate the
massive limestones.
Approximately 430 feet of Mission Canyon strata was measured

in sec. 30, T. 9 N., R. 10 E. Topography along the section consisted of a series of low bluffs with intervening talus strewn depres sions.

Age and Fossils.

Since Mission Canyon strata are only

sparsely fossiliferous in the thesis area, containing poorly preserved crinoids, brachiopods, and bryozoans, the fos'sils were
not studied. Faunas collected by Sloss and Hamblin (194Z) indicate

an Osagian age for the Mission Canyon. Strickland, in 1956, dated
the Mission Canyon as Osagian and possible upper Kinderhookian.

Source and Depositional Environment.

The microcrystalline

calcite (micrite) that forms most of the unjt was probably deposited
as a calcareous mud in an early Mississippian sea that covered all
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of Montana. The oi1ites were formed in an area of current or
wave agitiation. Thus, the calcareous muds, &5lites, and fossils

suggest a marine environment with both agitated and quiet water

conditions. Such an environment is found in the neritic zone.
Big Snowy Group

Pennsylvanian and Mississippian rocks of the Castle Mountain
area above the Madison Group were included by Weed and Pirsson

(1896) in the uadrant Formation. Scott (1935) restricted the term
Quadrant to the quartzose sandstone of Pennsylvanian (?) age. He
placed the underlying limestone and red shale beds into the Amsden
Formation. Between the Amsden and Madison strata, Scott recognized three formations:

the Heath, Otter, and Kibbey, in descend-

ing order.

Only the Kibbey and Otter Formations are present in the

Castle Mountain area. They were originally described by Weed
(1899), who called them

Quadrant equivalents,

for exposures in

the Little Belt Mountains, In mapping the formation in the thesis

area, the two formations were treated together in order to form a
mappable unit for the present study.

Withjn the thesis area, contact relationships o the Big Snowy
Group were not observed. Scott (1935) states that the Kibbey disconformably overlies the Madison limestones and is conformable
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with the underlying Otter limestones In central. Montana. To the

immediate northwest of Castle Mountain on Willow Creek, Tanner
(1949) noted that the Otter is conformably overlain by Amsden strata.

Distribution and Physiographic Expres sion
The Big Snowy Group is exposed across the central part of the

mapped area. It is generally non-resistant and forms grassy slopes
and low rounded hills.
Lithology and Thickness

The Kibbey Formation in the Whetstone Ridge area i repre-,

sented by a brick-red silty soil immediately above the Mission
Canyon limestones. This red- stained soil zone is about 33 feet thick in the

measured section in the SE1/4NW1/4NWI/4 of sec. 31, T. 9 N.,
IL 10 E. Gardner et l. (1946) described the Kibbey Formation as

a red soil zone in a measured section about 10 miles southwest of the
thesis area on Sawmill Creek. Winters (1965) mapped 120 feet of
thin-bedded limestone, sandstone, and siltstone as Kibbey just west

of the area of present concern.

The Otter Formatior consists of about 330 feet of thin-to
medium-bedded limestones In the map area. In the type section on
the north flank of the Big Snowy Mountains the Otter consists of

limestone and green shale, Green shales were not observed in the
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thesis area, but they could be masked by vegetation and limestone

talus. Tanner (1949) measured and described the Otter Formation
on Sawmill Creek and noted an absence ofgreen shales in the seçtion.

Age and Fossils

Fossils are locally very abundant in the upper part of the
Otter Formation. Productids and large horn corals, up to eight
inches long, occur in thin discontinuous beds near the top of the
Otter, Poorly preserved brachiopods occur throughout the forrnation. An extensive paleontological study by Scott (1935) of the Big

Snowy in its type area indicated to him an Upper Mississippian age,
possibly Middle Valmeyer to Middle Chester.
Source and Depositional Environment

Scott (p. 10Z6, 1935) states that,
The erosional interval between Madison and Kibbey was
probably a time during which the land mass was riot very
high above sea level, Furthermore, there must have
been only a relatively short period of time before the
invasion of the Big Snowy sea and the initiatioi of Kibbey
deposition.

The Big Snowy sea was a restricted tongue-shaped gulf of

the Madison Sea and extended in an east-west direction across
central Montana and into North Dakota. In it were deposited the
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sands, silts, and limes of the Big Snowy Group (Scott, 1935).
Arnsden Formation

Peale and Merrill (1893) originally defined and mapped rocks

in the Three Forks area that are similar in lithology to strata
assigned to the Amsden Formation in the thesis area. Darton (1904)
applied the name Amsden to a sequence of Limestone, sandy lime

stone, and red shale in the Big Horn Mountains near Dayton,
Wyoming.

Scott (1935) measured approximately 300 feet of Amsden beds

at Three Forks, Montana, and divided the formation into an upper
limestone unit and lower sandstone and red shale unit. In the Judith

Basin, near Stanford, the Amsden Formation consists of a lower
sequence of red shales and ferruginous sandstones overlain by fossiliferous limestone containing interbedded red shale (Walton, 1948).
Tanner (1949) noted major variations in thickness and lithology
of the Amsden Formation in the Castle Mountain area, He measured
and described 789 feet of brown dolomite, gray limestone, red silty

shale, and pink limestone about 15 mileswest of the thesis area at
Agate Creek (Sawmill Creek). Only 340 feet of gray limestone and

red shale was reported in his Willow Creek section on the northwestern slope of Castle Mountain,

In the thesis area, poorly exposed ljmestones, siltstones,

id
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sandstones that overlie the Big Snowy Group and underlie the

Quadrant Formation were mapped as Amsden, The contact with the
Quadrant is not exposed in the map area, but the base of the lowest
quartzose sandstone is considered to be a good approximation.
Vegetation and talus obscure the Amsden-Big Snowy contact through-

out the area of concern. The contact is placed at the base of brown
fine-grained sandstones that make up the basal unit of the Big Snowy
sequence of beds.

Distribution and Physiographic Expression.

The Amsden

Formation is exposed across the central part of the thesis area. It
is generally nonresistant and forms grassy slopes. Low discontinuous ridges of gray limestone are exposed near the upper contact.
Several red- stained soils In the middle part of the Amsden aidin
identifying the formation (Figure 9). However, care must be taken

not to confuse these red-stained soils with those developed from beds
of the underlying Big Snowy Group.

Lithology and Thickness,

In the Whetstone Ridge area, the

poorly exposed Arnsden Formation is divided into three units: a

lower brown sandstone, middle gray limestone and red siltstone,
and upper brown limestone.

The lowest unit is a light brown limonitic sandstone containing
traces of woody fragments. Calcite cement ranges from a trace

in the lower sandstones to abundant in the upper part of the untt.
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Figure 9. A red-stained soil zone and limestone developed in the
middle part of the Amsden Formation. Located in
the NE1/4SW1/4 sec. 2, T. 8 N., R. 9 E.

Petrographically, the sandstones are quartz arenites containing up

to 50 percent detrital quartz and 45 percent chert fragments. Minor
amounts of quartzite, zeolites, and glauconite are also evident.
Micrite and spa.rry calcite cement becomes abundant enough in the

upper sandstones of the unit to "flota" the detrital grains. The
sandstone grains are stained with limonite giving the rock a light to
moderate brown color.

The medial gray lime stones and siltstones generally appear

as gray- and red-stained soil zones in the Whetstone Ridge area. The

limestones are thin-bedded, finely crystalline to micritic and
apparently unlos sililerous.
Thin.-bedded brown limestone is the dominant litlology of the
upper unit. The limestones become very sandy locally and may be

mistaken for calcareous sandstones. In thin section, the lime stones

appear mainly to be medium- to finely-crystalline sparry calcite and
subordinate chert fragments and detrital quartz. Minor amounts of
fossil hash, probably brachiopod shell fragments, were also noted.
About 595 feet of Amsden strata was measured in the SW1/4

of sec. 31, T. 9 N., R. 10 E. Two red soil zones are generally
observed in the middle part Qf the formation, but only one was noted

in the measured section.
Age and Fossils. The writer did not find identifiable fossils
within Amsden rocks in the map area. However, many brachiopods
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of Late Mississippian and Early Pennsylvanian age have been reported from the Amsden Formation in western Montana (Gardner

et al.,

1946).

Sloss

(Gardner et al..,

1946, p. 9)

reported brachio-

pods of Early Pennsylvanian age from the upper third of the Amsden
immediate1y north of the thesis area. Because no identifiable fossils

were found ii the Amsden in the map area, the exact age is not' known

but is probably Late Mississippian to Early Pennsylvanian.
Source and Depositional Environment.

Lithologies and faunas

reported from the Castle Mountain region indicate that sediments of
the Amsden Formation were deposited in marine waters. Throughout the formation in the map area, detrital influx is recorded in the

red siltstones (soil zones), sandstones, and sandy lirnestones, sug-

gestin proximity to a land mass.
Pennsylvanian System

Quadrant Formation
Peale and Merrill (1893) named the Quadrait Formation for a

sequence consisting of cherty limestones and red lirnestones in the

Three Forks area that occur between the Madison Group and Ellis
roup.

After much controversy Scott (1935) restricted the Quadrant

Formation to the upper 230 feet of medium-grained quartzite
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included in Iddings and Weeds' (1899) type section at Quadrant
Mountain

Distribution and Phys iographtc Expres sion

Exposures of the Quadrant Formation are Umited to the central
part of the 3rea mapped and form ridges and rounded hills. The ex-

tensive talus slopes formed on the Quadrant cover both the upper and
lower formatlonal contacts throughout the thesis area. Even where

streams cut into the resistant Quadrant Formation, talus continues
to mask the contacts. Slope breaks and changes in lithology of talus
help determine position of contacts bereath the talus.

Lithology and Thicknes
Approximately 2.40 feet of cross-bedded to thin-bedded,

yellowish-brown quartzose sandstones and quartzites were measured

in secs. 2. and 3, T. 8 N., R. 9 E. (Figure 10). In thin section, the
Quadrant rocks appear to be dominantly mediurn-grained, with a low

to moderate number of sutured grain contacts, Rounded detrital
quartz forms up to 50 percent of some of the rocks, which also contam

subordinate chert fragments.

uartzite fragments rarely ex-

ceed 10 percent of the total rock. Authigenic silica is the dominant
cementing agent. Limonite (?) stains most of the rocks and may

serve as a weak bonding material.
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Figure 10. Outcrop of quartzose sandstone of the Quadrant
Formation. Located in the Sw1/4Nwl/4 sec. Z,

T. 8 N., R. 9 E.

Age ard Fossils
The

uadrant Formation is unfossiliferous in the thesis area.

Thompson and Scott (1941) reported two fusulinid genera from

uadrant Mountain that suggested a Middle Desmolnesiazi age. These

fossils and others have led to the general acceptance of a Middle
Pennsylvanian age for the Quadrant Formation..
Source and Depositional Environment
The abundance of medium-.grained, well-rounded detrital

quartz suggests a near-shore environment with a reworking through
one or inore generations of sedimentary deposits. The notable
amount of chert also is indicative of a sedimentary provenance.

Jurassic System
Ellis Group

Peale and Merrill (1893) first used the name Ellis Formation

for strata at Three Forics, Montana, that lie above the Quadrant
Formation and below Cretaceous strata. Cobban (1945) raised the

Ellis to group rank and subdivided it into the Sawtooth, Rierdon, and
Swift Formations in ascending order, In 1945, Cobban, Imlay, and
Reeside designated a sequence of fossiliferous sandstones, shales,
and lime stones about 3, 7 miles southeast of the site of Old Fort
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Ellis as the type section for the Ellis.
The Ellis Group is poorly represented in the Castle Mountain
area, and only the Rierdon (?) and Swift Formations are present.
No Rierdon strata was recognized in the thesis area, but Winters
(1965) assigned 15 feet of dark-gray highly fossiliferous limestone

to the formation about three miles west of the map area, Tanner
(1949) reported about 30 feet of Rierdon (?) limestone near Agate
Creek (Sawmill Creek) on the south side of Castle Mountain but noted

its absence in hs Jurassic sections to the west and north of Castle
Mountain.

Swift Formation

uadrant talus covers the lower contact of the Swift Formation
throughout the area of concern. The disconformable contact is

arbitrarily placed above the stratigraphically highest occurrence of

,uadrant sandstone. The upper conformable contact is placed below
the stratigraphically lowest occurrence of a red silty soil, which
represents part of weathered Lower Morrison si.ltstones.
Distribution and Physiographic Expression.

Swift sandstones

form low outcrops and are commonly partly obscured by Quadrant

talus. The dip of the sandstone beds is usually close to that of the

slope angle, permitting the relatively thin Swift Formation to form
a wide outcropping band,
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Lithology and Thickness.

In the mapped area the Swift

Formation is represented by 45 feet of yellowish-green, thickbedded, glauconitic sandstone.

Fetrographically, the sandstones are seen to be fine-to
medium-grained quartz arenites and quartz wackes. Detrital quartz
ranges from 30 percent to 65 percent of the total rock, and rounded
chert fragments form up to 30 percent, That the large amounts of
clay (20 percent) may have originated from decomposition of feld-

spar is suggested by a trace of highly altered microcline (?).
Sparry calcite cement constitutes up to 25 percent of some sand-

stones, giving the grains a "floating" appearance. Rounded green
glauconite grains and quartzite fragments form a minor (less than
five percent) part of the rocks.
Age and Fossils.

No fossils were found in the Swift sand-

stone in the Whetstone Ridge area, but Cobban t al. (p. 452, 1945)

reported Ostrea striilecula, Eumicrotis curta, and Gryphaea
nebrascensis from the upper part of the type section at Rocky Creek
Canyonin Gallatin County. These and many other faunas collected

throughout western and central Montana indicate a Late Jurassic
(Oxfordian) age, for the Swift Formation.
Source and Depositional Environment.

During Miadle and

Late Jurassic time a sea covered Montana and exhibited a "positive-

trending" area in the present western part of the state (Peterson,

1957). This positive area is the "Belt Island" of unlay (1945).

Petersoi (1957) maintains it was probably rarely an "island", but
rather a broad submarine swell. Tanner (1949) states that the Big
Belt uplift (probably part of the "Belt Island") was never covered by

Jurassic seas. He also suggests that the Castle Mountain area was
on the eastern flank of the Big Belt "island, " and received only Swift

sands and Rierdon (?) limes.
Morrison Formation
Eldridge and Enimons (1896) named a sequence of shales and

dirty sandstones the Morrison Formation for exposures near
Morrison, Colorado. In 1944, Waldschmidt and Leroy described the
type section about two miles north of the town of Morrison, where

the formation is Z77 feet thick and consists of red and gray shales,

siltstones, sandstones, and limestones,
Gardneret al. (1945) measured 359 feet of Morrison on Sawmill Creek (now Agate Creek) about eight miles west of the thesis

area. The lower half of the Sawmill &eek section consists

of

poorly-bedded red siltstone and thin-bedded sandstone. Gray,

friable, sandy siltstone is the dominant lithology in the upper half of
the section. Along Willow Creek, about ten miles west of the area
mapped, Tanner (1949) attributed 410 feet of red and gray shales and

siltstones to the Morrison Formation. The Willow Creek section
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differs from the Sawmill Creek section to the south in having a
greater development of sandstone within the lower red siltstone
unit. At the very top of the formation on Willow Creek a 15 foot unit

of black carbonaceous shale ("coaly zone") rests upon light-colored
Kootenal sandstones. The Morrison Formation Is about 350 feet

thick in the Castle Mountain mining district to the immediate west of

the thesis area and consists of reddish-brown siltstones In the lower
half and gray siltstones in the upper part (Winters, 1965).

In the thesis area the Morrison Formation is similar in lithology to the section measured on Sawmill Creek and briefly described
above. The writer here subdivides the formation into two units. The

lower unit consists of red and brown siltstone and shale with sand-

stone locally present in the upper part of the unit. The upper unit

consists mainly of gray, worm-mottled siltstone with several fossilbearing sandstones near the top.
Distribution and Physiographlc Expression.

In the WhetstQrle

Ridge area the nonresistant MorrIson Formation is poorly exposed.

The lower red siltstones form a moderately steep sagebrushcovered slope particularly evident north of Bonanza Ranch in the

south half of secs. 11 and 12, T. 8 N., R. 9 E. Several brown
sandstones in the upper part of the red siltstone unit form low sharp
ridges. The best exposures of the gray siltstones and sandstones in

the upper half occur along the east flank of the Corral Creek
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anticline and northeast of Bonanza Ranch in the SW1/4 of sec. 1Z,

T. 8N., R, 9E.
Lithology and Thickness,

The red to brown siltstones of the

lower unit are weathered into a silty sagebrush-covered soil within

the area mapped. A three foot bed of yellowish-gray, calcareous
siltstone crops out near the base of the formation. The highly
mottled bedding planes of the sUtstone are probably a result of worm
activity. Microscopically, the siltstone is seen to be composed of

subangular detrit.l quartz and rounded chert fragments cemented to-

gether by calcite, limonite, and authigenic microcrystalline quartz.
Sandstones of the lower Morrison consist of quartz grains
bound by calcite and limonite cement

Gray siltstones and shale characterize the upper unit of

Morrison strata within the thesis area (Figure 11). Worm mottling
partly obscures the thin bedding in the siltstones. Both siltstones
and shales contain carbonaceous material and are generally noncalcareous, Petrographically the siltstones are seen to be rich in

detrital quartz with lenses of very fine quartz silt. Streaks of
carbonaceous material are abundant, Montmorillonite (?) and illite
(?) are the dominant cements,
Most of the sandstones exhibit a thin flaggyparting andweather to
various shades of brown and gray, Subangular, very fine-grained

quartz and feldspar are the dominant constituents. Carbonaceous

Figure 11. Outcrop of worm-mottled siltstones and shales of
the Morrison Formation. Located in the NW1/4
SW1/4 sec. 7, T. 8 N.i, R. 10 E.
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material is abundant locally with a few fossil gastropods and

pelecypods observed. Microscopically, the sandstones are seen to

be quartz-rich feldspathic arenites. Detrital quartz, chert fragments, and feldspar are cemented by authigenic microcrystalline
quartz. Minor amounts of rounded shale or mudstone fragments
and a trace of glauconite were noted.
At the very top of the formation, an 18 foot unit of black

carbonaceous shale and worm-mottled siltstone constitutes the
"coaly zon&' accepted by the United States Geological Survey as the

boundary between Cretaceous and Jurassic rocks in central
Montana.

About 400 feet of Morrison Formation was measured and de-

scribed within the thesis area. Because of poor exposures the
section was measured at two localities. The lower unit was
measured northeast of Bonanza Ranch in the SE1/4SE1/4NE1/4 sec0

12, T. 8 N., R. 9 E. The upper unit is best exposed northwest of
the Andy GrandeRanchin the SE1/4SE1/4NE1/4 sec. 12, T. 8 N.,

R. 9 E. and was there measured.
Age and Fossils.

The writer found several fresh water

gastropods and shell fragments of Lingula sp. (?) in the sandstones

of the upper Morrison; however, no age determination was made0
Unidentifiable carbonaceous material was also noted. Simpson

(1926) dated theMorrjson as Late Jurassic on the basis of faunal

evidence.

Source and Depositional Environment.

The high content of

detrital quartz, chert, and feldspar of the siltstones and sandstones
suggests a source area containing both sedimentary and igneous
rocks,, The presence of fresh water gastropods and current cross-

bedding in the Morrison Formation suggest a fluvial depositional en-

vj.ronment in the thesis area. Morjtz (1951) considers the Morrison

to be a fluvial and lacustrine deposit over a large area.
Cretaceous System
A total thickness of about 6, 000 feet of Cretaceous rocks
occurs

in

the thesis area (Table 1), The thick Cretaceous System

represents more than half of all the strata measured within the
area mapped (Figure IZ),

The lowermost formation, the Kootenai, is assigned to the

Early Cretaceous; the Colorado Group is Early (?) to Late Cretaceous; and the Montana Group and Hell Creek Formation are

both Late Cretaceous,

During Late Cretaceous time, the thesis area was in a transition zone between a marine facies to the east and a piedmont facies
on the west (Sims, 1967). Its anomalous geographic position during

the Late Cretaceous is reflectedin the complex interfingering of
marine and non-marine rocks. Because of inadequate exposures
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the Cretaceous rocks. The Castle Mountains are in
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this relationship is not completely evident within the immediate
boundaries of the thesis area. The complex environment of the area
during Late Cretaceous time is suggested in the stratigraphic terminology of Table 3.

Kootenai Formatton
The Kootenai Formation was named by G. M. Dawson (1885)

for a sequence of conglomerates, sandstones, shales, and coal beds

that contain an Early Cretaceous flora ii the Rocky Mountains of
Alberta, Canada. In the Castle Mountain area the Kootenai Formation was called "Dakota" by Weed and Pirs son (1896), and they applied

the term "Kootenai" to the Morrison Formation as presently recognized. Fisher (1909) referred to about 460 feet of coal-bearing
sandstones and shales near Great Falls, Montana as the Kootenai
Formation.
Tanner (1949) divided the Kootenal into three lithologic units

about eight miles west of the mapped area along Sawmill Creek (now
Agate Creek): the lower unit composed of gray coarse-grained to
conglorneratic sandstone, the middle unit of varicolored claystone

and silty sandstone, the upper unit of red to reddish-purple claystone and siltstone with intercalated thin sandstone beds.
The position of the Cretaceous -Jurassic contact has not been

accurately determined on paleontologic evidence in the Castle
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Table 3. Historical development of stratigraphic terminology of the Upper Cretaceous rocks in the
Castle Mountain area.

Hayden
and others

Weed
1893

1873

Stone and
Calvert

Tanner 1949
This paper

Sims
1967

Fort Union

Fort Union

Group

Group

1910

Fort Union
Formation

Fort Union
Formation

(absent in
thesis area)

L

a
r
rn

Livingston

Livingston

Formation

Formation

Hell Creek
Formation

Hell Creek

Lennep
Formation

Lennep
Fm.

F

o

r

Bearpaw
Shale

n

Judith
River
Formation

Laramie
Formation
Montana
Formation
Colorado
Formation

Eagle
Sandstone

Eagle
Sandstone

Colorado
Formation

Colorado

Bruno
Fm.

Bearpaw
Shale

Hamen Fm.
outh Fork

Sandstone

Telegraph Cr.
Fm.

Group

Colorado
Group
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Mountain region, and the base of the Cretaceous is placed somewhat

arbitrarily at an assumed unconformity at the base of the Kootenai
sandstone, In the Castle Mountain area the light-colored Kootenai

sandstones generally overlie a 15 to 25 foot sequence of black carbonaceous shale and siltstone,
Tanner (1949) refers to the black carbonaceous shale and siltstone sequence as a coaly zone at the top of the Morrison Formation and notes the presence of the coaly zone at many localities in

central Montana. Absence of the coaly zone is generally attributed
to erosional unconformity with the overlying Kootenai sandstones.

Without fossil evidence, this unconformity is accepted by the United
States Geological Survey as marking the Cretaceous-Jurassic bound-

ary (Gardner et al., 1945).
Distribution and Physiographic Expres sion
Outcrops of the Kootenai Formation are confined to the southern

part of the area mapped. The resistant sandstones generally form
ridges, and the less resistant siltstones underlie depressions and are
usually not exposed (Figure 13), However, in the NE1/4 of sec. 10,

T. 8 N,, B.. 9 E. (location of the measured section) both Kootenai
sandstones and siltstones crop out in a sequence of homoclinal

ridges and valleys.

The contact of the .Kootenai, with the overlying
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Figure 13. Typica1 Kootenai Formation outcrop.
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Colorado rocks was arbitrarily placed below the stratigraphically
lowest zone containing black fragments of shale. An igneous sill

marks the approximate Colorado-Kootenai contact in the SW1 /4 of

sec. 11, NWI/4 of sec. 13, and NE1/4 of sec. 14, T. 8 N., R. 9 E.
Morainal debris covers part of the contact in secs. 8 and 9, T. 8

N., R. 10 E.
Lithoioy and Thickness

Gardner etal. (1945) states that throughout most of central
Montana the Kootenai Formation is divided into three lithologic units

(Tanner's three divisions). Within the thesis area, the standard
three divisions of the Kootenai were not evident. The writer
mapped a sequence of light-colored sandstones and siltstones as
Kootenai. The sandstones range from very fine-to medium-grained

(locally silty) and weather olive gray. Poorly preserved crosslaminations and cross-bedding were noted in a few of the units.

Microscopically, the sandstones are seen to be quartz

arenites, quartz wackes and lithic wackes. Silica, in the form of

quartzite and chert fragments, detrital quartz, and authigenic microcrystalline quartz, is the dominant constituent of the sandstones
analyzed. Most of the detrital quartz rims are being altered to

microcrystalline quartz. The major cementing material is authigenic
microscrystalline quartz with clay and calcite locally important.
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Rounded micaceous shale or mudstone fragments make up to ten

percent of some sandstones,. Minor amounts of feldspar, zeolites,

biottte, and zircon are evident.

In outcrop, the siltstones are grayish-orange to moderate
brown and exhibit thin bedding. Differential sedimentary loading

(sand and silt mixture) has formed small-scale "pinch-aad-swell"

structures in the sandy siltstones. Red chert fragments, about onefourth inch in diameter, are scattered throughout the lower siltstone
unit. Streaks of comminuted organic debris are common in all the

siltstones.
A sharp ridge of pale brown conglomerate 19 feet thick was
noted to occur 55 feet below the top of the formation. Subrounded to

rounded red and brown chert pebbles, up to one inch in diameter,

are supported in a calcareous sandstone matrix.
About 300 feet of Kootenai strata were measured in the

SE1/4Nel/4SE1/4 sec. 10, T. 8 N., R. 9 E. and described in Table
11.

Age and Fossils
The writer found only unidentifiable wood fragments in the

Kootenai Formation. Age determination for the formation in the
area mapped is based upon stratigraphic position of the beds and
approximate lithologic comparison of the section with that of other

sections described from central Montana.
Yen (1951) describes the Kootenai Formation fauna as a typical

fresh water Early Cretaceous fauna in North America on the basis of
gastropod and pelecypod assemblages investigated near Harlowton,

about 40 miles east of the thesis area. The gastropod 1imestone'
commonly reported near the middle of the Kootenai is either covered
or locally absent within the mapped area
Source and Depositional Environment

The high amounts of chert fragments, quartzite, and detrital
quartz (up to 70 percent of the total rock) indicate a sedimentary
provenance. The chert probably came from the Lodgepole, Mission

Canyon, or similar Paleozoic rocks, and the quartzite fragments
and detrital quartz were probably derived from the Quadrant or

Flathead Formations. Small amounts (up to five percent of the rock)
of micaceous shale or mudstone fragments also suggest a sedi-

mentary source,
Cross-bedding and locally abundant coarse detritus indicate a

moderate to high energy environment. In the absence of fossil

criteria, sedimentary structure and grain size suggest a fluvial
environment. Perry (l96Z) stated that late in Kootenai time
fresh water lake occupied much

of

a

large

what is today western Montana.

He stated that an accumulation of fresh water gastropods and limy
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muds in this inland sea formed a limestone which attains a maximum
thickness of about 75 feet. As previously mentioned, the "gastropod
limestone'1

was not observed within the thesis area.
Colorado Group

Weed and Firs son (1896) described the Colorado rocks in the

Castle Mountain area as a series of black carbonaceous shales and

jnterbedded sandstones, Tanner (1949) subdivided Colorado strata
in the Castle Mountains into three major lithologic units; a lower

unit of black shale with intercalated lenses of sandstone, a middle

unit of olive green shales, and an upper unit

of

gray to brown

shales. A detailed study by Cobban (1951) separated Colorado rocks
into eight lithologic units all of which are lateral correlatives to the
standard sequence of Upper Cretaceous shale in the Black Hills.

Distribution and Physiographic Expression

Because of their nonresistant character, Colorado shales are
a major valley-former in the southern part

of

the thesis area

(Figure 14), Bonanza Creek has cut a narrow valley through these

shales on its way to the broad open country of Coyote Basin. A
soil developed on most of the Colorado supports sagebrush and

juniper. Deep gulleying in the center of sec. 15, T. 8 N., R. 9 E.
has exposed a small area of olive gray shales, but outcrops of the
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Figure 14. View northwest up Bonanza Creek with the Castle
Mountains in the background. Nonresistant siltstones and shales of the Colorado Group underlie the large valley.
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Colorado in the area mapped are uncommon,
Lithology and Thickness

The scattered outcrops of Colorado rocks observed in the thesis

area suggest that olive green to moderate gray calcareous shales are
the dominant lihology.
In the NW 1/4 of sec. 10, T. 8 N., R. 9 E., is a bed of

Colorado shale and intercalated yellow-brown limestone lenses which
contain numerous cone-in-cone structures. Septarian nodules are
also abundant in this bed.
Because of poor outcrops no section of the Colorado Group was

measured in the thesis area. Tanner (1949) measured 3, 000 feet of
Colorado beds at Loweth, nine miles southwest of Lennep. Winters (1965)
estimated about 2, 300 feet of Colorado shales four miles west of the

thesis area. Estimates by the author from high altilüde aerial photo.graphs closely agree with WintersT approximation.

Age and Fossils
The Colorado Group is locally fossiliferous in the Bonanza

Creek area, and a composite collection of fossils from several
localities has been identified by the author. The collection includes
specimens of Inoceramus sp.,

gyra sp., Scaphites sp., Nuculana

(?) sp., and unidentified pelecypods and gastropods. This fauna
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suggest a Late Cretaceous age for the Colorado Group in the thesLs

area.
Source and Depositional Environment

Stone (1907) states, "The upper part of the formation shows

transitional stages of deposition from deep to shallow water by the
occurrence of numerous beds of sandstone in the shale. ' However,
sandstones seemingly do not occur in the Colorado beds of the thesis

area.
Dark shales can be formed in a deep marine environment, but
not all the fauna identified from the shales in the area support a
deep water hypothesis. Weirner (1960) suggests that deposition of

Colorado sediments took place during the first and second maior

transgressions of the Late Cretaceous sea into the Rocky Mountain

area.
Eagle Sandstone

Weed (1899) named a sequence of light-colored, bluff-forming

sandstones the Eagle Sandstone from outcrops near the mouth of

Eagle Creek in Chouteau County, north-central Montana. In 1907,
Stone mapped Eagle strata along the Musselshell River with particu-

lar interest in reported workable coal beds.
Throughout much of central Montana an areally persistant
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ledge-making sandstone, the VirgeUe Sandstone Member, consti-

tutes the lower part of the Eagle Sandstone. However, because of
poor exposures within the thesis area, Virgelle beds were not
mapped as a separate unit.
Distribution and Physiographic Expre s sion

Contined to the southern one-third of the area, mapped, Eagle

sandstones generally form sagebrush-covered ridges. A particularJ.y resistant cross-bedded sandstone (Figure 15) in the upper part
supports juniper and pine in the SW1/4 sec. 34 and NE1/4SW1/4

sec. 26, T. 8 N., R. 9 E.
The nonresistant sLltstones and thin-bedded sandstones in the

lower and middle part form slopes and depressions.
Lithology and Thickness

Sandstones of the Eagle are mostly fine-grained but become

medium-grained near the top, The sandstones are gray-to brownweathering, with cross-laminations and cross-bedding common
throughout. Large, two to three foot, rusty brown limestone con-

çretions weather out of a low sandstone ridge near the middle of the
formation.

Petrographic analysis of three thin sections from Eagle beds
show the sandstones to be quartz-rich feldspathic arenites and
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Figure 15. Good outcrop of cross-bedded Eagle sandstone.
Located in the center of sec. 26, T. 8 N.,
R. 9 E.
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quartz-rich arkosic wackes, The writer concurs with Sims (1967)
that quartz is the dominant constituent of the Eagle Sandstone in this

area, with feldspar and biotite subordinant.

Quartz, quartzite, and chert grains constitute about 40 to 50
percent of the sandstones, are subangular to subrounded, and ex-

hibit fair sorting.
Feldspar constitutes about 15 to 30 percent of the total rock,
Kaolinization of feldspars yields enough clay (ten percent or more)

to permit classification of some of the rocks as wackes.
Unstable rock fragments, in the form of granitic and argil1.aceous material, constitute about five percent of the sandstones
observed.

About 20 percent sparry calcite cement binds the grains firm-

ly together in the unweathered rock, Most gr3ins are

flfloatinghl

within the carbonate cement, Biotite is a minor constituent rarely

exceeding one percent of the total rock,
In the Lennep area the Eagle Sandstone is approximately 500

feet thick. Notable thinning of the Eagle of unknown cause occurs

in the SW1/4 sec. 26, T. 8 N., B. 9 E. and in secs, 34 and 35, T.
8 N.,, R. 9 E.

A local unconformity, faulting, or stratigraphic

thinning could account for the major attenuation. A measured sec-

tion of the formation is described in Table 12,

Age and Fossils
The author found numerous leaf impressions and poorly pre-

served pelecypodf'agments in the lower part of the formation.
According to Stanton and Hatcher (1905), the Eagle Sandstone consti-

tutes the lowest formation of the Montana Group. Fossils collected
from it by Bowen (1915) have been dated as Montanan in age.

Source and Depositional Environment
Kiepper, Weeks and Ruppel (1957) report minor amounts of

volcanic material in Eagle sandstones near the E1.khorn MQuntains
about 60 miles west of the thesis area. The writer found no volcanic

rock fragments in the thin sections studied. However, abundant

quartz, quartzite, and chert observed in thin section indicate a
sedimentary source.
According to Weimer (1960) Eagle sediments were deposited

during the second major regression of the Late Cretaceous sea in
the Rocky Mountain area.

Roberts (Sims, 1967) has main-

tamed that the Eagle Sandstone formed in a littoral or brackishwater environment. Coal beds (absent or covered in the mapped

area) strongly suggest a brackish-water environment. Numerous
floating grain contacts in the calcareous sandstones point to an
environment of winnowing currents best developed in the littoral
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zone, I suggest that the Eagle Sandstone is a result of both brackish

arid shallow niarine deposition.

Judith River Formation
Hayden (1871) applied the name Judith River Formation to a

sequence of light-colored sandstones, clays, and carbonaceous
shales near the mouth of the Judith River in north-central Montana.
In 1903, Stanton and Hatcher determined that the formation is a
member of the Montana Group and a Lateral cOrrelative of a part of the

Pierre Shale.
Sims (196?) subdivtded the formation into three new stratigraphic units from base upward: South Fork (with Loweth Volcanic

Member), Hamen, and B'uno Formations (Table 3), Type sections
for these proposed units were measured to the immediate southwest
of the Whetstone Ridge area.

Rocks mapped for this present study as the Judith River
Formation include the combined Judlth River and Claggett Formatioris. The Claggett underlies Judith River beds and consists of an

upper unit of sandstone and lower unit of shale (Bowen, 1915).

Distribution and Physiographic Expression

Exposures of the Judith River Formation are confined to the
southern part of the area mapped. The best exposures are along the

Bonanza Ranch road north of Lennep in the SW1/4 sec. 24, T. 8 N,

R. 9E.
The upper part of the formation is resistant to weathering and

forms a series of ridges. A nearly

continuous

valley up to one half

mile in width marks the lower part of the mapped Judith River strata.

This valley is probably at least in part an expression of the nonresistant Claggett Formation within the thesis area.
Litbology and Thickness

The Judith River Formation consists of alternating beds of

sandstone, siltstone, and shaly rnudstones. Brown to gray sand

stones are fine-grained and thin-bedded. The very poorly exposed
siltstones and shaly mudstones weather green to brown. A
rnolluscan coquina bed (mostly Ostrea sp.) forms a low ridge near
the formation top (Figure 16),

A microscopic study of six thin sections from the Judith River
Formation show the sandstones to be feldspathic, lithic, and quartz.
rich wackes. Pale green montmorillonite is the major clay mineral

Identified. Stms (1967) attributes formation of the detrital and
authigenic montmorillonite to alteration of volcanic glass. Calcite

cement ranges from a trace to 35 percent of the total rock.
Subrounded to rounded volcanic rock fragments make up

nearly 50 percent of two sandstones analyzed from upper Judith
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Figure 16. Close-up view of molluscan coquina bed in the upper
part of the Judith River Formation. Located in the

NE1/4NW1/4sec. 25, T. 8N., R. 9E.
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River strata. Extrusive ço1canic rock fragments were noted in each
thin section, with andesine (An35-An50) the dominant feldspar.

uarti and feldspar are important constituents in most Judith
River sandstones observed. Subangular to angular detrital quartz
forms nearly 70 percent of one thin section, but the average

is

about

40 percent. Subrounded andesine is the predominant feldspar.
Kaolinization locally obscures feldspar crystals and complicates

rock classification.

About l50 feet of Judith River beds are exposed

in

the Lennep

area. A measured section of the Judith River Formation is described in Table 13.

and Fossils
The Judith River Formation is locally fossiliferous within the

mapped area. A molluscan coquina bed near the top of the formation

is

rich in Ostrea sp, and Corbula sp. Silicified wood identified

as Calitris sp. by Abbott is abundant (Sims, 1967). The author
found a single dinosaur limb (?) bone, and Sims (1967) reports

numerous disarticulated dinosaur (?) bone fragments from his
Haxnen Formation (middle to upper Judith River). Most vertebrate

paleontologists regard the Judith River Formation to be of Upper
Cretaceous age (Bowen, 1915). A pollen and spore analysis of the
lower Judith River beds indicates an Upper Cretaceous, probably
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early Campanian, age (Sims, 1967).
Source and Depositional Environment

The first major eruptions of Elkhorn Mountain Volcanics
occurred during middle Campanian time (Cobban and Reeside,
1951).

Vast amounts of these rocks were eroded, transported by

streams down the regional paleoslope, and deposited in a floodplain-delta complex occupying in part the area mapped (Sims,
1967).

Judith River sandstones containing up to about 50 percent

andesite rock fragments are evidence of the Elkhorn volcanism to
the west, Paleozoic, Mesozoic, and Lower Cretaceous sedimentary

rocks supplied most of the feldspar and quartz.
Bearpaw Shale

Stanton and Hatcher (1903) named the Bearpaw Shale for dark

clay shales exposed near the Bearpaw Mountains in north-central
Montana.

Weimer (1960) correlated the Bearpaw Shale with the upper

part of the Pierre Shale of the Great Plains.
Distribution and Physiographic Expres sion

Confined to the southern part of the area, the readily eroded
Bearpaw crops out in depressions between the Judith River and
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Lennep Formations. Numerous igneous sills intrude the dark clay
shales just west of Lennep, forming sharp hogback ridges within the
Bearpaw Shale (Figure 17), Small outcroppings of Bearpaw Shale are
exposed along Montana State Z94 in the NW1/4 sec.

36, T. 8

N.,

R. 9 E. (Figure 18).
Lithology and Thickness

Dark gray and greenish shales characterize the lower part of
the Bearpaw. A petrographic study of two thin sections of shale
from the lower part disclosed abundant montrnorlllonite. Clay is the
dominant grain size in these bentonitic shales; however, notable

amounts of silt are evident,
Bowen (1919) reported a sandy zone in the upper part of the

Bearpaw Shale and suggested it represented a transitioi zone into
the Lance (Lennep of this report), t also noted a sandy trend in the

upper Bearpaw. Sims (personal communication, 1968) attributes
this sandy trend to interfingering of Bruno sandstones (Table

3).

Microscopic examination of one specimen taken from the sandy
zone about 50 feet below the formation top shows a very fine-grained

fe1dspar-rich sandstone. This arkosic wacice consists of about 55
percent highly kaolinized feldspar, ZO percent volcanic rock frag-

ments, and less than one percent detrital quartz. Montmorillonite
and calcite serve as cementing agents.
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Figure 17. Igneous sills form hogback ridges in the Bearpaw Shale
(center). Lennep is at the left center with the Crazy
Mountains in the background.

Figure 18. Igneous sill underlain by black carbonaceous Bearpaw
shale. Exposed in a roadcut near Lennep.
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The 1,250 feet (approximately) of Bearpaw strata measured in

the SWI/4 see. 25, T. 8 N., R. 9 E. is described in Table 14,
ge and Fossils
The writer found no fossils in the Bearpaw Shale within the

area mapped. A suite of invertebrate fossils collected by Stanton
and Hatcher (1905) and Bowen (1915) suggest an Upper Cretaceous

age.
Source and Depositional Environment

The dark gray and green shales of the Bearpaw were deposited
during the fourth major invasion of the Late Cretaceous sea into the
Rocky Mountain area (Weimer,

1960).

A collection of Lingula foutid by Bowen

(1919)

in the upper

sandy zone suggests a marine origin for the sandstones. Sims

(1967)

proposed a dominantly terrestrial origin for the Bruno Formation or
upper sandy zore in the Bearpaw and concluded that:

The large amount of depositionin the area between the
uplifts (Elkhorn Mountains and Deer Creek Uplifts) was
sufficient to force the nearly complete withdrawal of the
sea during the deposition of the Hamen and Bruno formations, and the final retreat of the sea occurred in late
Campanian and Maestrichtian time.
The author suppprts the probability of an oscillating environ-

ment having both marine and non-marine attributes. Such a
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environment occurs at the distal end of a delta.
Lennep Formation

A sequence of sandstones and shales near Lennep was desig.

nated as the type area for the Lennep Formation by Stone and
Calvert (1910). Tanner (1949) re-described the type section at

Lennep after noting major errors in measurement and formational
boundaries.

Distribution and P1ysiographic Expression

Lennep strata are exposed at two localities within the area
mapped. At Lennep in the SI /2 of T. 8 N., R. 9 E.

,

resistant

sandstones form a conspicuous hogback ridge. The flaggy sand-

stones weather into a rubbly mass and generally obscure the inter-

bedded nonresistant shales and siltstones. In sec. 21, T. 8 N,
R.

,

10 E., a sequence of low ridges represent outcropping Lennep

beds.

Lithology and Thickness

Large scale contorted flaggy bedding is prominent in the upper

part of the Lennep Formation at the type locality in the SE1 /4 sec.

25, T. 8 N,, R. 9 E. (Figure 19). The fine to medium-grained
sandstones weather yellow-brown in outcrop. Subordinant shales
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Figure 19. Well-developed large scale contorted flaggy bedding
in the Lennep Formation at Lennep.

and siltstones are rarely exposed within the thesis area however,
a 40 foot (estimated) sequence of sandstones, siltstones, and shales
crop out along the Bonanza Ranch road in the NW1/4SW1/4SW1/4

sec. 25, T. 8 N., R. 9 E.
Petrographic examination of four Lennep sandstones showed

them to be feldspar-rich volcanic wackes. Rounded andesite fragments make up about 35 to 70 percent of the total rock. Kaolin-rich
subangular to subrounded feldspar (dominantly andesine) constitutes

about 25 percent of the sandstones. The matrix is generally montmorillonite and chlorite, with calcite as a minor cementing agent.
Small amounts of detrital quartz, hornblende, augite, and zeolites

are also present.
About 425 feet of Lennep Formation was measured at its type

locality near Lennep and is described in Table 15.
Age and Fossils
The writer found no fo!ssils in Lennep strata. Stone and

Calvert (1910) reported leaves and fragments of a marine alga,

Halyminites major, from the strata at Lennep. Sims (1967)

ex-

tracted pollen and spores from Lennep shales west of the thesis

area. Newman (Sims, 1967) suggests a Late Cretaceous age,
probably late Campanian, for the plant assemblage.
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Source and Depositional Environment

Abundant andesite rock fragmentsin the Lennep sandstones
were derived from the Upper Cretaceous Elkhorn Mountain Volcanics

about 60 miles west of the thesis area (Sims, 1967). Weimer (1960)
suggests that deposition of the Lennep sediments was during the

fourth major marine transgression of Late Cretaceous time into the
Rocky Mountain area. Because of the occurrence of Halyminites
major in Lennep beds Stone and Calvert (1910) suggested a marine

environment. Sims (19 67) proposed a delta -floodplain environment

for the Lennep sediments.
Hell Creek Formation
Brown (1907) first named and described the Hell Creek Formation for outcrops along Hell Creek in Garfield County, Montana.
About 1000 feet of strata were attributed to the Hell Creek Formation in the Crazy Mountains by Tanner (1949). Winters (1965)

mapped a sequence of gray tuffs and fine-grained sandstones as Hell

Creek about three miles west of the thesis area,
Distribution and Physiographic Expression
Most of the Hell Creek Formation is covered by alluvium and

glacial drift in the area mapped. Small sagebrush-covered hills in
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the S1/2 sec. 21, T. 8N., R. 1OE. andatLennepweremappedas
Hell Creek. The best outcrop of Hell Creek beds in the thesis area

is seen in the NE1/4 sec. 36, T. 8 N., B, 9 E. along the Musselshell River.
Lithology and Thickness

The Hell Creek Formation is notexposed well enough in the

thesis area to present even a general view of its composition. However, the 40 feet (estimated) of the Hell Creek beds exposed in the

NE 1/4 sec. 36, T. 8 N., R. 9 E. shows alternating beds of olivegray sandstone and brown silty shale.

Microscopically, the fine-grained sandstones are seen to be
composed of rounded andesite rock fragments and subordinate feld-

spar (about 40 to 50 percent). Hornblende and augite make up as

much as 10 percent of the total rock. Minor amounts of detrital

quartz and magnetite are also present. Sparry calcite and clay
cements the Hell Creek sandstones examined.

The silty shales contain scattered elongate gray concretions,
Locally abundant calcareous balls and ball-clusters (average

i/a

inch in diameter) in the shales are interpreted to be accretionary
lapilli.
No section of the Hell Creek beds was measured because of

very limited exposures. Simpson (1937) reported a thickness of

about 560 feet for the Hell Creek Formation in the type area and
1850 feet from the east flank of the Crazy Mountains.

Age and Fossils

The writer found no fossils in the Hell Creek Formation.
Simpson states (1937, p. 16):

For the present purposes it is assumed that the the
beds up to and including the true dinosaur-bearing Lance
and Hell Creek and their equivalents belong to the
Cretaceous and that the overlying bedswithout dinosaurs
(except by redeposition) and with mammals of Tertiary
type (including carnivores, condylarths, etc.), from the
Puerco and its equivalents upward are to be placed in
the Tertiary.
Source and Depositional Environment

Abundant andesite rock fragments support Simst (1967) hypothesis that Elkhorn Mountain Volcanics are the major source rocks

for Hell Creek sandstones. Sims (1967) proposes a floodplaindelta complex for the depositional environment of Hell Creek sediments.

Tertiary System
Igneous Rocks

The igneous rocks of the Whetstone Ridge area are generally

porphyritic in texture and range from silicic to mafic in composition.

The igneous bodies include sills, dikes, plugs, and flows. Most of

the intrusions are in the southern part of the mapped area (Plate 3).
Intrusiye Rocks

Sills.

The larger hogback ridges to the immediate west of

Lennep are part of a radial dike swarm assoclated with the Comb
Creek Laccolith situated six miLes south of the thesis area (Sims,
personal communicatior, 1968) (Figure 17). Most of these tabular

intrusions are discordant to the surroundiig strata with the excep
tion of those strilcing parallel, to the fold trends near Lennep, These
apparently concordant intrusive bodies range in thickness from three
to 18 feet and maintain very uniform widths, at least within the area

observed. As seen oi the accompanying geologic map (Plate 3), the
sills are locally concentrated in the incompetent Bearpaw shales.
In thin section, one sample from a 1Z foot thick sill in the

NE1/4 of sec. 36, T. 8 N., R. 9 E. (unit 16 of measured section) is
seen to be rich in hornblende and plagioclase feldspar. The horn-

blende, mainly occurring as phenocrysts, ranges in grain size from

two millimeters to 10 millimeters in length. Several phenocrysts
of augite and reddish-brpwn biotte were also observed. The

groundmass consists

of

minute lab radorite (?) laths moderately

altered to kaolinite. According to Travis (1955), tiis rock is a

basalt porphyry. However, Rosezibusch (Williams, et aL, p. 68,

1954) classified a suite of rocks from the same "dike swarm" as

theralites after noting an abundance of sodic felcispathoids.
Many other sills are present in the map area, but most are
only of minor importance. However, two intrusions immediately
north of Bonanza Ranch form conspicuous talus slopes nd are

traceable for over one mile along their strikes, A thin section of a
specimen taken from the sill one-thlrd of a mile north of Bonanza
Ranch in the NEJ./4 of sec. 14, T. 8 N., R. 9 E., shows the rock

here to be dacite porphyry.
Dikes.

Numerous dikes are seen throughout the southern

part of the thesi.s area, though only three are of any significance.
These three northwest-trending igneous bodies cross-cut the
southern nose

of

the West Flagstaff anticline. The longest dike is

traceable for about eight miles.
A megascopic (handlens) examination of the dark colored dike

rocks revealed olivine phenocrysts supported in a groundmass of

feldspar (?).
Plugs.

Two cone-shaped intrusions n the mapped area are

interpreted by the author to be igneous plugs. The larger of these
igneous bodies pierces Upper

retaceous sandstone and shale near

the crest of the Corral Creek anticline in the SWL/4 of sec. Z2,

T. 8 N., B. 9 E. The other cone-shaped intrusion is found in
limestone and slate of Frecarrbrian age in the center of sec. 8,

T. 9 N.., B. 1OE.
Petrographically both intrusive bodies consist of porphyritic

rhyolite and dacite. A high degree of alteration has complicated the
determination of potash to soda ratio of the feldspar.
Outcrops of rhyodacite too small to map at the desired scale

are found adjacent both plugs and may represent parasitic intrusions
or erosional remnants of flows.
Extrusive Rocks
Flows.

A sequence of four or five olivine basalt flows, total-

ing about 50 feet in thickness, overlie Mission Canyon limestone in

the si/Z of sec. 22, T. 9 N., R. 9 E, (Figure 20), The basalts are
essentially horizontal, but dips of the underlying limestories range
from 20 to 60 degrees.

Similar basaltic flows are present on the north and northeastern flanks of the Castle Mountains about five miles to the northwest of the mapped area.
Age of Igneous Rocks

The Castle Mountain Stock (Plate 2) may have been emplaced

soon after the climax (in Late Cretaceous or Early Tertiary) of the
Laramide Revolution (Tanner, 1949). By Late Paleocene or postPaleocene the radial dike swarm associated with the Comb Creek

Figure ZO. View to the northeast of Miocene basalt flows over-

lying limestones of the Mission Canyon Formation.
Flagstaff Canyon is at the extreme right with the
Little Belt Mountains in the background.

Laccolith was intruded (Sims, 1967). Lastly a brief period of basalt-

ic volcanism occurred along the north and northeastern slopes of

the Castle Mountains. The basaltic volcanism is dated as Miocene
by Tanner (1949). The rhyodacite plugs and basaltic dikes were

probably intruded during the Paleocene to Mioceiie igneous period.
Quaternary System

Unconsolidated silts, sands, gravels, and boulders, are
common in the present stream channels

Glacial debris covers

many of the ridges. Glacial moraines are particularly evident in the

southern part of the area mapped (Plate 3). The distribution, size,
conposition, and degree of weathering of the glacial deposits is discussed under geomorphology.

STRUCTURAL GEOLOGY

The thesis area is situated near the juncture of three major

structural features of central Montana (Plate 2); the Little Belt
Uplift, Big Belt Uplift, and the Crazy Mountain Basin.
About ten miles north of the mapped area Precambrian and

Paleozoic rocks are exposed

in

the core of the strongly breached,

east-trending Little Belt uplift (Figure 2). The south flank of the
arch is broken by a thrust faiilt (Tanner, 1949) about six miles
north of the thesis area.. Perry (1962) stated the Little Belt Uplift

is solely a result cf vertical uplift.
About 25 miles west of the

area

mapped, the northwest-trend-

ing Big Belt uplift is deeply dissected and cut by numerous faults.

Precambrian limestone and argillite form the bulk of the uplift, with
Paleozoic strata limited to the northwestern and southeastern ends.
Immediately south of the mapped area is the Crazy Mountain

basin (Figure 17). This north-trending structure consists of a

thick sequence of Cretaceous sedimentary voicani- clastic rocks

intruded. by laccoliths, sills, dikes and plugs (Sims, 1967).
The Castle Mountain dome (Figure 12), though not a major

structural feature of central Montana has had a major influence

upon thesis area structure. Soon after the climax of the L.aramide
Revolution, intrusion of the Castle Mountain stock formed a
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"buttress" against which later folds and faults were deflected. The
dominant northwest regional tectonic trend is locally modified within

the thesis area by numerous northeast-trending transcurrent faults.
The granitic mass forming the Castle Mountain summit pierces folded Precambrian and Paleozoic strata about six miles west of the

area mapped. Deep erosion has exposed the granitic core, which
is weathering into high crags or "castles."
All sedimentary and metamorphic unitsin the thesis area have
been folded. Most of the folds in the area mapped parallel the

northwest regional trend; however, several exceptions are dis-

cussed. Bedding and transcurrent faults are abundant in Cretaceous
strata, but these were usually not mapped because of their small
displacements. Unless otherwise indicated, the structures discussed below were named by Tanner (1949).

Folded and Associated Faults
Flagstaff Anticline

A strongly breached fold, the Flagstaff anticline, trends north-

west through the area mapped. Rock of the Belt Series form the fold

nucleus, and resistant Paleozoic limestones dip away on either side
forming the limbs and sharp, southeast-plundingnose.
The eastern limb of the anticline is twisted in such a manner

that dips range from 450 east along Copper Creek to overturned
400 to the southwest near U.S. Highway IZ.

Weed and Pirsson (1896) considered the Flagstaff anticline to

be a lateral offshoot of the Little Belt Mountains. The northern
limb of the anticlinal fold is faulted along the footsiopes of the Little
e1t uplift about six miles north of the area mapped. Whetstone

Ridge is a topographic expression of part of the western limb of the

Flagstaff anticline (Figure 8).
Flagstaff Canyon Syncline

Mildly folded Belt slates near Flagstaff Reservoir in sec. 13,

T. 9 N.,, B. 9 E., form part of a structure herein named the Flagstaff Canyon syncline. The symmetrical southwest-plunging syn-

dine is actually a cross-fold in the west limb of the much larger
Flagstaff anticline.

The West Fork of Flagstaff Creek parallels the axial trace of
the fold through Flagstaff Canyon. Paleozolc limestones, with dips
ranging from Z5° to 550 to the southwest, outcrop in the canyon.
Checkerboard Anticline

Moderately contorted Precambrian rocks near Checkerboard
form part of a southwest-plunging fold, herein designated the
Checkerboard anticline,

The antc1inal fold, like the Flagstaff Canyon syncline, repre-

sents a major warp or cross-fold in the west limb of Flagstaff anti-

dine.
Very resistant Paleozoic lirnestones stand as hogback ridges
about the nose of the open fold.
Coates Pond Syncline

Basaltic lava flows mark the a.xjal trace of the Coates Pond

syncline, here named by the author. This northwest-trending,
doubly plunging structure lies mainly within Mission Canyon limestone.

The oversteepened north limb consists of limestone hogbacks
with dips that range from 600 south to locally overturned to the
north. Dips ranging from 200 to 400 north characterize the southern
limb of the fold.
Thorsens Pond Anticline

The name Thorsens Pond anticline

has

been given by the author

to a northwest-trending, doubly plunging fold well developed in sec.
27, T. 9 N., R. 9 F.

Rugged

topography developed upon massive

Mission Canyon limestone marks the surface expression of the struc-

ture within the mapped area. The northwest nose

plunges

beneath

Thorsens Pond about two miles west of the thesis area. Dips range
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from 20° to 46° along the fold limbs and up to 65° 3round the noses.

This anticlinal fold may be a northward extersion of the much

larger West Flagstaff Anticline. Poor outcrops in. the Upper Figastaff basin obscure fold relationships.
Coyote Creek Syncline

Adjoining Flagstaff anticline on the west, Coyote Creek syn-

dine extends for approximately nine rni.les across the mapped area.
Glacial debris along Coyote Creek partly obscures the sinuous trace
of this southeast-plunging syncline.

The asymmetric synclinal fold originates in Big Snowy and
Mission Canyon lime stones at the south end of Flagstaff Canyon.

Mission Canyon hogbacks characterize the east limb of the fold.

Numerous transverse faults offset Cretaceous beds within the
syncline; however, most of the faults are too small to map at the

desired scale. The largest fault (center of sec. 20, T. 8 N.,
R. 10 E. ) in the Coyote Creek basin shows a maximum horizontal
displacement of approximately 800 feet as measured from .erial
photographs.

West Flagstaff Anticline

A broad open fold, which I have designated the West Flagstaff

anticline, plunges southeast through the center of the southern part
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of the area. This normal fold is possibly a southern extension of
Thorsens Pond anticline.

A fault, approximately one mile northeast of Bonanza Ranch,
offsets a ridge of Kootenai sandstone. Measurements from aerial
photographs indicate about 500 feet of lateral movement.
Lennep Syncline

The folded Cretaceous beds which form the asymmetric Le-nnep
syncline plunge southeast in conformity with regional trends. The

axial trace of the syncline passes through Lennep. Dips on the
southwest flank average 400 as contrasted to dips of Z0 to 350 along

the northeast limb.
Marked thinning of the Eagle Sandstone around the nose of the

syncline may be the result of a bedding plane fault. This region of

the fold is partly obscured by glacial debris.
Sills trending north from the Crazy Mountains intrude the west
limb of the synclinal fold. These resistant igneous rocks form sharp

ridges just west of Lennep (Figure 17).
Corral Creek Antidline

The Corral Creek anticline plunges southeast for three miles
through the southwest corner of the thesis area. Dips along the

limbs of this normal fold commonly range between 500 arid 700,
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Nonresistant Morrison sediments form that part of the core of
the fold that lies within the mapped area and are rimmed by a re-

sistant Kootenai sandstone ridge. Winters (1965) noted that effects
of the anticlinal folding can be observed in Belt argillites north of
Blackhawk stock.

Alabaugh Bench, a morainal deposit, covers part of the fold
just north of Montana State Highway 294.
Blackhawk Syncline

Alabaugh Bench partly obscures an asymmetric southeastplunging fold, which I have named the Blackhawk syncline. A small

valley of Bearpaw shale marks the axial trace of the fold. A consiclerable difference in the thickness of the fold limbs may be the
result of bedding plane faulting or stratigraphic thinning.
Robinson Anticline

The Robinson anticline passes through the extreme southwest

corner of the thesis area, Opposing dips in black Colorado shale
along the banks of the Musselshell mark the position of the structure.
A fault, with about 300 feet of horizontal displacement, breaks the
east flank of the fold.

Time of Folding

Two major episodes of folding are observed within the thesis

area. The absence of medium to high grade metamorphic rocks in
the folded strata of Belt age suggest no more than mild to moderate

late Precambrian orogeny. Stretched pebbles in a limestone conglomerate near the northeast corner of the area indicate only a low
degree of deformation.

At the end of Cretaceous time, conditions of stability that had

prevailed since the Early Paleozoic in central Montana were replaced by initial development of the Big Belt-Little Belt uplift and
the Crazy Mountain basin. During the first major impulses of the

Laramide Orogeny compressional forces acting toward the craton

folded the area into a sequence of northwest-trending structures.
The major period of compressional orogeny was soon followed by

the emplacement of the Castle Mountain stock (Plate 2) in latest

Paleocene or earliest Eocene (Tanner, 1949).

After the major Laramide impulses there occurred a sequence
of minor crustal. movements from Eocene to Miocene, referred to by

Thom (1957) as the "readjustment phase.." The writer postulates

that the cross-folds and east-trending transcurrent faults in the map
area were formed during this time of equilization. Minor volcanic
activity along the northeastern slopes of Castle Mountain extruded
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basaltic arid rhyolitic material into the thesis area during Miocene

time (Sims, 1967). Near the westcentral part of the mapped area
essentially horizontal basaltic lava flows overlie folded Mission
Canyon limestones, thus suggested a terminationof folding during
or before Miocene time within the area of concern.

GEOMOR PHO LOGY

There are no sharp peaks in the thesis area, and the scenery

is not impressive. However, an abrupt change from mountain slope
to valley floor, with contrast of forest and sagebrush plain, is
picturesque and pleasing.

Structural and Stratigraphic Control of Topography
The topography is largely controlled by the structural configuration of the rocks and consequent differential weathering and
erosion.

In the southern part of the area mapped, moderately folded

Cretaceous sandstones and shales are eroded into sharp homoclinal
ridges and valleys (Figure 12). Precambrian clastics and limestones form rounded hills with up to 400 feet relief in the northern

part of the thesis area (Figure 2). Whetstone Ridge, a tree-covered
southwest-dipping homoclinal sequence of Paleozoic strata, trends

northwest across the center of the mapped area (Figure 8),

Stream Erosion
A well-developed radial drainage pattern is centered about
Elk Peak, core of the Castle Mountains, approximately ten miles

west of the thesis area,
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All major streams in the western part of the mapped area have
had their course determined by the Castle Mountain uplift. Several
of these consequent streams have shifted to belts of more readily

erosible rocks within the map area. Bonanza Creek, near Bonanza
Ranch, meanders through a subsequent valley of Colorado shale and
siltstone (Figure 14).

Flagstaff Creek transects the southwest limb of the Flagstaff
anticline, indicating the superposition of its drainage pattern.
Alabaugh Creek flows southeast across the Corral Creek anticline

and adjacent smaller folds. The superposed streams originated on

a cover mass of glacial debris.
The South Fork of the Musselishell River, largest river in the

thesis area, is a strongly meandering stream with many swamps,
oxbow lakes, and point bar deposits.

Rounded to moderately sharp jnterstream divides, with most

of the land in slope, suggest a Late Youth to Early Maturity stage of

stream erosion.
Numerous reservoirs in the thesis area serve as temporary
base levels for the drainage basins behind them (Figure 2). The
North and South Forks of the Musselshell River act as local base

levels for streams penetrating the mapped area.

General absence of alluvial fans, waterfalls, and rapids sug

gest that streams in the thesis area are close to or at grade.

Glaciation

Evidence of glaciation includes valley moraine and boulder

drift. Boulder strewn hillsides are common throughout the area
(Figure 1).

The best preserved morainal deposits are in the southern part

of the area mapped. These moraines cover Upper Cretaceous strata
with the exception of one moraine in sec. 8, T. 8 N., R. 10 E,

which extends north over Jurassic rocks. Morainal deposits In the
southern part consist of rounded gravel, cobble, and boulders dominantly of granitic rocks found in outcrop around Elk Peak to the im-

mediate west of the thesis area.

The largest morainal deposit in the thesis area lies west of
Lennep between Alabaugh Creek and the Chicago, Milwaukee, St.

Paul, and Pacific Railroad. This six mile long ridge of glacial
debris extends for about two miles into the mapped area, Week
(1899) and Alden (1932) state that the relative positionof this

moraine, as well as the degree of boulder disintegration is in marked
contrast to glacial debris on the surrounding slopes and propose a
pre- Wisconsin age for the deposit.

I was unable to differentiate the drift by glacial stages. Slight

difference in elevation, granitic rock disintegration, and limestone
boulder leaching suggest the possibility of more than one episode of
glaciation.

GEOLOGIC HISTORY

The earliest geologic event recorded in the thesis area occurred

during Late Precambrian, Deposition of a thick series of clastic and
nonclastic sediments took place in a geosyncline which was later destroyed by an orogeny that mildly metamorphosed and uplifted the

sediments. Erosion of part of the Belt strata led to development of a
low lying surface upon which Middle Cambrian Flathead sands were

deposited by a transgressing sea,
As the Middle Cambrian sea transgressed eastward, the water
deepened in the thesis area and the mud, clays, and limes of the
Wolsey, Meagher, and Park Formations (Cambrian Undivided) were
deposited. The sea receded slightly, and wave or current agitation

broke lime clasts off the bottom and deposited them as the limestone

flat-pebble conglomerates observed in the Pilgrim Formation of

earliest Early Cambrian age. During latest Cambrian and throughout all of Ordovician and Silurian time, the Cambrian sediments were
exposed to erosion,
In Middle and Late Devonian time most of Montana, including

the map area, was again covered by marine water and deposition of
carbonates took place. Later dolomitization of part of the lime muds

produced the Jefferson dolomites. A brief uplift or lowering of sea
level (or both) during Three Forks time probably exposed the
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Jefferson dolomites to erosion.
Throughout all of Early Mississippian time relatively stable
conditions prevailed, and thick accumulations of calcareous muds
formed the Lo dgepole and Mission Canyon limestones. Shale part-

ings in the Lodgepole and o1ites in Mission Canyon lime stones mdi-

cate possible brief periods of lower sea level and water agitation.
Restriction of the Madison Sea in Late Mississippian time resulted
in erosion of part of the Mission Canyon limestone. The sands,

silts, and lime muds of the Mission Canyon limestone. The sands,
silts, and lime muds of the Big Snowy Group were deposited in this

restricted east-trending, tongue-shaped gulf of the sea (Perry,
l96). The sea persisted into the b;eginning of the Pennsyhanian
Period, with the first major influx of detritus since Middle Cambrian
time recorded in the siltstones, sandstones, and sandy lime stones of
the Amsden Formation.

An abundance of methimgrained detrital quartz in the Quadrant
quartzites and sandstones indicates a notable change in the character
of the marine sediments during Middle Pennsylvanian time.

Permian and Triassic seas were present in the southern part
of Montana, but did not cover the thesis area, During this time,

central Montana was a land area undergoing erosion (Perry, 1962),
During Middle and Late Jurassic time a sea covered most of
the state with the exception of a land area in southwestern Montana

(Perry, 1962). This positive area is the 1Belt Island"

of

Imlay
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(1945). Tanner (1949) states that the Castle Mountain area was on

the eastern flank of the island' and received only Swift sands and
Rierdon (?) limes,, The abundant amount of detrital chert in the
Swift Formation could have been derived from an area of exposed
rocks of Mission Canyon age. As the Late Jurassic sea withdrew

from the area, silts and sands were deposited on a flood-plain to
form the beds of the Morrison Formation. By latest Jurassic time
swampy conditions prevailed locally, and a bed of highly carbonaceous shale was developed,

After the final retreat of the Late Jurassic sea, pre-Kootenai
sandstones and conglomerates mark a profound change in the char-

acter of sedimentation in the thesis area. The coarse clastic

material required a high energy stream or nearshore environment

for dispersal. The conglomerates apparently represent the earliest
evidence of the Laramide Revolutionin the area mapped.

Marine invasi.onof the area is recorded in the black shales and
siltstones of the Colorado Group deposited during early Late
Cretaceous (Turonian and Coniacian).

The thesis area occupied a critical position with respect to
interpreting late Upper Cretaceous sedimentation in central Montana.

The volcanic sediments of theEagle, Judith River, Bearpaw, Lennep,
and Hell Creek Formations were derived from the Upper Cretaceous
Elkhorn Mountain volcanism to the west. Northeast-flowing streams

ba
transported the volcanic material down the regional paleosbope forming a fbood.-plain-delta complex in the Castle Mountain area. The

interfingering of marine and nonmarine rocks indicate the thesis

area was close to or at the distal end of the Upper Cretaceous delta
complex.

In Late Cretaceous to Early Tertiary time, the Laramide cornpressional forces brought about development and subsequent erosion

of structures of the thesis area. The Castle Mountain stock was emplaced soon after the Lararnide climax and further contributed to the

uplift of the area. By Late Paleocene (?) the sills near Lennep had
formed. A brief period of volcanism during the Miocene produced

basalt flows on the north and northeastern slopes of the Castle
Mountains. The rhyodacite plugs and basaltic dikes were probably

intruded during the Paleocene to Miocene igneous interval.

Extensive boulder drift and moraine indicate Pleistocene
glaciation of the Castle Mountains. Post-glacial stream erosion

has partly removed the morainal debris and boulder drift from the

thesis area.
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ECONOMIC GEOLOGY

Active mineral exploration has occurred in the Whetstone

Ridge area, but, to date, no commercial deposits have been found.

The Moonlight Mine in sec. 33, T. 9 N., R. 10 E., consists of a
small open pit and ore drift in Beltian slate. Silver and lead ore is
extracted during a few weekends in the summer months at the owner's

discretion. Numerous abandoned prospects may be seen in Mission
Canyon limestone along Whetstone Ridge.

In 1907 Stone examined the coal resources of the area and con-

cluded that there are no coal beds of commercially workable thick-

ness.
To the writer's knowledge, no wells have been drilled for gas

or oil within the boundary of the thesis area. A water well drilled
in Colorado shales at the Bonanza Ranch encountered "oily water" at
about 200 feet. The well was completed at about 300 feet after flow-

ing good clear water. There are numerous folds in the area, but

erosion has removed or exposed the most likely source rocks. The
doubly plunging Thornsens Pond anticline is formed in Mission

Canyon limestones and-may have structural closure at depth. Presence of a potential commercial oil-producing zone from the under-

lying Cambrian, Devonian, or lower Mississippian strata in this

area seems improbable. No oil or tar seeps were observed in the
Whetstone Ridge area.
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Table 1. Measured Stratigraphic Section of the Flathead Formation. The following section of the
550
W. of flagstaff Reservoir Pam in the
Flathead Formation was measured 0.55 miles S.
NE1/4SE1/4NW1/4 sec. 13, T. 9 N., R. 9 £
Thickness(Feet)

Flathead Formation

Total
Covered contact with overlying Cambrian Undivided
strata. Contact placed at major break in slope on southwest side of Flathead hogback.

Unit 4. Sandstone, medium-grained with fair sortint, grayish-red (bR 4/2); dominantly quartz; subrounded to subangular; thin-bedded; weathers grayish-red (SR 4/2); well indurated; silica cement,
abundant worm (?) molds hogback-former

55. 0

188.0

Unit 3. Covered; brown sandstone fragments

80.0

133. 0

8.0

53.0

25,0

25. 0

Unit 2. Sandstone, coarse-grained with poor sorting, grayish-orange pink (5YR 7/2); dominantly
quartz; subrounded; thin-bedded; weathers light brown
(SYR 6/4); well-indurated; silica cement, noted absence of worm (?) molds seen in unit 4; hogbackformer
Unit 1. Cover1; large brown sandstone boulders

Total

188.0
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Table 2. Measured Stratigraphic Section of the Pilgrim Formation. The following section of the
Pilgrim Formation was measured 1.8 miles S. O5 E. of Flagstaff Reservoir Dam in the
NW1/4SW1/4SW1/4 sec. 19, T. 9 N., R. 10 E.
Thickness (Feet)

Pilgrim Formation

Unit

Tot4

110. 0

245. 0

ness, poorly sorted, pale yellow-brown (1OYR 6/2);
flat limestone pebbles in crystalline matrix; very thinbedded; weathers light olive-gray (SY 6/1); well
rounded pebbles; moderately indurated; poorly preserved trilobite fragments; sharp ridge-former

80. 0

135. 0

Unit 1. Covered; limestone flat-pebble conglomerate
talus

55.0

55.0

Covered contact with overlying Jefferson Formation.
Contact placed of stratigraphically lowest occurrence of algal micrite.

Unit 3. Covered; gray algal micrite talus and
limestone flat-pebble conglomerate talus
Unit 2. Limestone flat-pebble conglomerate, lime-

stone pebbles 1/2 in. in length and 1/4 in. in thick-

Total

245.0
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Table 3. Measured Stratigraphic Section of the Jefferson Formation. The following section of the
Jefferson Formation was measured 1.9 miles S. 03° E. of Flagstaff Reservoir Dam in the
SW1/4SWI/4SW1/4 see. 19, T. 9 N.., R. 10 F.
Thickness (Feet)

Jefferson Formation

Unit

Total

Unit 7. Dolomite, very fine crystalline, brownishgray (5YR 4/1); massive; weathers pale brown (SYR
5/2); moderate induration, poorly exposed unit; subdued ridge former

130.0

35. 0

Unit 6. Dolomite, very fine crystalline, grayishorange (1OYR 7/4); crude thick-bedded, small
vuggy to pinpoint porosity; weathers pinkish-gray
(5YR 8/1); slightly valcareous; rounded ridge former

70.0

185.0

Unit 5. Covered; brown dolomite talus

30. 0

115. 0

Unit 4. Algal limestone, brownish-gray (5YR
4/1); thin-bedded; weathers medium gray (N 5);
moderately abundant algal (stromatolitic )biscuits
enclosed in fiie crystalline calcareous matrix; fetId
odor; steep slope-former

15. 0

85. 0

Unit 3. Covered; gray algal limestone fragments

10. 0

70. 0

Unit 2. Algal micrite, olive-gray (SY 5/1); thinbedded; weathers medium light gray (N 6); algal
biscuits enclosed in calcareous micrite matrix;
fetid odor; ridge-former

20. 0

60. 0

Unit 1. Covered; algal micrite talus

40.0

40. 0

Covered contact with overlying Lodgepole Formation. Contact placed at stratigraphically lowest
appearance of thin-bedded, gray, fossiliferous,
limestone.

Total

315,0
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Table 4. Measured Stratigraphic Section of the Lodgepole Formation. The following section of the
Lodgepole Formation was measured 1.8 miles S. 15 W. of Flagstaff Reservoir Dam in the
NW1/4Sw1/4SE1/4 sec. 24, T. 9 N., R. 9 E.
Thickness (Feet)
Lodgepole Formation

Unit

Total

150. 0

240. 0

Unit 2. Covered; gray limestone fragments

10. 0

90. 0

Unit 1. Limestone, micritic to very fine-crystalline, light olive-gray (5Y 5/2); thin-bedded with
pitted surface; weathers yellow-gray (5Y 7/2);
abundant brachiopods, bryozoans, and crinoid
fragments; moderately high ledge-former

80. 0

80.0

Covered contact with overlying Mission Canyon

Formation. Contact placed at stratigraphically
lowest occurrence of massive gray cherty limestone.
Unit 3. Limestone, light olivegray (SY 6/2); thinbedded; weathers medium light gray (N 6); very
calcareous, a few brown chert nodules, abundant
bryozoan and crinoid fragments; ridge-former

Total

240.0
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Table 5. Measured Stratigraphic Section of the Mission Canyon Formation. The following section
of the Minion Canyon Formation was measured 0.72 miles N. 10 E. of Coyote Spring
no. 697 in the sE1/4SE1/4Sw1/4 sec. 30, T. 9 N., R. 10 F.
Thickness (Feet)

Mission Canyon Formation

Unit

Total

Covered contact with overlying Big Snowy Gronp.
Contact placed at stratigraphic ally lowest appear-

ance of the red siltstone-derived soil.
Unit 6. Limestone, light olive-gray (5Y 5/1);
dominantly micrite with abundant brown chert
nodules; weathers yellow-gray (5Y 7/2); massive;
low ridge-former

16.0

432.0

Unit S. Covered; gray limestone fragments

45.0

416.0

Unit 4. Limestone, olive-gray (SY 7/1); micrite
cut by white, fine crystalline calcite veins; massive lower part to poorly developed thin beds;
weathers light gray (N 7); numerous moderate
brown chert nodules, brachiopod fragments in
middle of unit; low bluff-former

60.0

371.0

fossils

35.0

311.0

Unit 2. Limestone, fine crystalline, olive-gray
(5Y 5/1); numerous brown chest nodules; massive;
weathers medium light gray (N 6); 1 in. by 24 in.
lenses of brachiopods and crinoid fragments in upper
25 ft.; rounded low bluff-former

80.0

276.0

196.0

196.0

Unit 3. Limestone, similar to unit 2 but lacks

Unit 1. Covered; scattered outcrops of light gray
massive cherty limestone; poorly exposed

Total

432.0
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Table 6. Measured Stratigraphic Section of the Big Snowy Group. The folLowing section of the
Big Snowy Group was measured 0.44 miles N. 07 W. of CoyOte Spring no. 697 in the
SE1/4NW1/4NW1/4 sec. 31, T. 9 N.., R. 10 F..
Thickness (Feet)

Big Snowy Group

Unit

Total

Unit 6. Limestone, micritie to finely crystalline,light olive-gray (5Y 6/1); thin-bedded; weathers
light gray (N 7); horncorals, productids, and
brachiopods locally abundant; ridge-former

120.0

334.0

Unit 5. Covered; fossiliferous limestone fragments

64.0

209.0

Unit 4. Limestone, fine to medium-crystalline,
yellow-gray (5Y 7/2); medium-bedded; weathers
yellow-gray (5Y 7/2); a few greenish-brown to
brown chert nodules; low sharp ridge-former

2,. 0

145.0

Unit 3. Covered;

65.0

121.0

Unit 2. Limestone, olive-gray (5Y 4/1); micrite
dominant; thin-bedded poorly developed; weathers
yellow-gray (5Y 7/2); very calcareous; a few green
to brown chert nodules; rounded hill-former

23.0

56. 0

Unit 1. Red soil zone, pale red-brown (bR 5/4);
originally an argillaceous limestone or very calcareous siltstone; slope-former

33. 0

33. 0

Covered contact with overlying Amsden Formation.
Contact placed at stratigraphicaily lowest occurrence of brown calcareous sandstone.

gray

limestone fragments

Total

334.0
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Table 7. Measured Stratigraphic Section of the Amsden Formation. The following section of the
Amsden Formation was measured 0.28 miles N. 45 W. of Coyote Spring no. 697 in the
SW1I4SW1/4NW1/4 sec. 31, T. 9 N., R. 10 E.
Thickness (Feet)

Amsden Formation

Unit

Total

370.0

595. 0

similar to red soil zone at base of Big Snowy Group

55. 0

225, 0

Unit 3. Covered; gray ljmestone fragments on light
brown soil

25.0

170,0

Unit 2. Limestone, light olive-gray (5Y 6/1);
micrite dominant; thin-bedded; weathers light-gray
(N 7); subdued low ridge-former

5. 0

145.0

140. 0

140. 0

Covered contact with overlying Quadrant Formation.
Contact placed at stratigraphic ally lowest appearance of yellow-orange, inedium-grained sandstone.
Unit 5. Limestone and sandstone; limestone, light
brown (5YR 6/4); fresh and weathered; thin-bedded;
slightly sandy; grades up into sandstone; sandstone,
olive-gray (5Y 4/1); very thin-bedded; weathers
light-brown (5YR 6/4); very calcareous; unit poorly
exposed; subdued ridge-former

Unit 4. Red soil zone, pale red-brown (bR 5/4);

Unit 1. Sandstone, fine-grained with fair sorting,
pale yellow-orange (1OYR 8/6); angular quartz, moderate
feldspar, subordinant dark lithic fragments, trace of
woody fragments; thin-bedded; weathers lIght brown
(5YR 5/6); unit grades upward from noncalcareous to
very calcareous sandstone; poorly exposed; subdued
ridge-former
Total

595.0
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Table 8. Measured Stratigraphic Section of the Quadrant Formation. The following section of the
Quadrant Formation was measured 2.3 miles N. 28 W. of Bonanza Ranch in the
Sw1/4NW1/4Sw1/4 Sec. 2, T. 8 N., R. 9 F.
Thickness (Feet)

Quadrant Formation

Unit

Total

Unit 6. Sandstone, niedium-grained with fair sorting, light gray (N 7); dominantly angular (?) quartz;
thick-bedded, crude cross-bedding near top; weathers
dark yellow-orange ( IOYR 6/6); siliceous cement;
ledge-former

55.0

241,0

Unit 5. Covered; scattered yellow-brown sandstone
fragments with intermittant sandstone outcrops

95.0

186.0

Unit 4. Sandstone, light gray (N 7); subrounded
quartz dominant; very thin-bedded; weathers lightbrown (5YR 5/6); siliceous cement; limonite (?)
staining; subdued ridge-former

10,0

91.0

Unit 3. Sandstone, fine-grained, yellow-gray (5Y
7/2); cross-bedded; weathers dark yellow-orange
(1OYR 6/6); limonitic (?) staining; subdued ledgeformer

5.0

81.0

Unit 2. Covered; yellow-orange sandstone talus

60. 0

76. 0

Unit 1. Sandstone, medium-grained with poor sorting, light gray (N 7); dominantly rounded quartz with
very subordinate dark fragments; cross-bedded ( ?);
weathers dark yellow-orange (1OYR 6/6); well indurated; low ledge-former

16. 0

16. 0

Covered contact with overlying Swift Formation.
Contact placed at strati graphically lowest appearance of greenish-gray, fine-grained sandstone.

Total

241.0
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Table 9. Measured Stratigraphic Section of the Swift Formation. The following section of the
Swift Formation was measured 2.2 miles N. 30°W. of Bozanza Ranch in the
NE1/4SEI/4SE1/4 sec. 3, T. 8 N., B. 9 E.
Thickness (Feet)

Swift Formation

Unit

Total

45.0

45.0

Covered contact with overlying Morrison Formation.
Contact placed at stratigraphicafly lowest occurrence of p2ie red-brown siltstone-derived soil.

Unit 1. Sandstone, very fine-grained with poor
sorting, yellow.gray (5Y 7/2); subrounded quartz,
subordinate feldspar and dark green glauconite ( ?);
strongly cross-bedded; weathers greenish-gray (5GY
6/1); very c icareous cement; subdued ridge-former

Total

45.0
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Table 10. Measured Stratigraphic Section of the Morrison Formation. The foflowuig section of the
Morrison Formation was measured at two localities. The lower part was measured 1.66
miles N. 41 K of Bonanza Ranch in the SE1/4SE1/4NEI/4 of sec. 12, T. 8 N., R. 9 E.
The upper part was measured 2.3 miles N. 30°W, of the Andy Grande Ranch in the
SE1/4 SE1/4NE1/4 of sec. 16, T. 8 N, R. 9 K
Thickness (Feet)

,_.___._.__
1V1IJiLJIJ1L t.____._,____

Unit

Total

Unit 19. Shale and siltstone, black (N 1) to dark
gray (N 3), both fresh and weathered; carbonaceous
shale and worm mottled siltstone; "coaly zone"; forms
small depression

18.0

406.0

Unit 18. Siltstone, olive-gray (SY 3/2), fresh and
weathered; very thin-bedded to shaly; fragments with
scattered outcrops

62.0

388.0

Unit 17. Sandstone, very fine-grained with poor sorting, greenish-gray (5GY 6/1); angular feldspar, subordinate dark lithic fragments, and quartz; very thinbedded with flaggy parting; weathers moderate brown
(5YR 4/4); calcareous cement

4.0

326.0

Unit 16. Covered; brown sandstone fragments

10.0

322. 0

Unit 15. Sandstone, very fine-grained, poorly sorted, light olive-gray (SY 6/1); abundant angular quartz
and feldspar; wavy very thin-bedded; weathers moderate
yellow-brown (1OYR 5/4); abundant woody fragments
throughout unit; slightly calcareous; low ridge-former

5. 0

312. 0

Unit 14. Shale and siltstone, olive-gray (SY 3/2),
fresh and weathered; unit mainly shale and subordinate
siltstone fragments, highly weathered outcrops

37. 0

307. 0

Unit 13. Covered; brown sandstone fragments

10.0

207. 0

6. 0

260. 0

Covered contact with overlying Kootenai Formation.
Top of Morrison placed at top of "coaly zone."

Unit 12. Sandstone, very fine-grained, fair sorting, medium light gray (N 6); angular quartz and
feldspar; cross-bedded, flaggy parting; weathers
moderate yellow-brown (1OYR 5/4); very calcareous,
woody fragments locally abundant, a few gastropods
and

gLa sp. (?); sharp ridge-former

Continued on nect page
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Table 10 Continued.
Thickness (Feet)
Morrison Formation

Unit

Total

6.0

254.0

very thin-bedded; worm markings and carbonaceous
material locally abundant; slope-former

32,0

248,0

Unit 9. Covered, olive-gray siltstone fragments

33.0

216,0

Unit 8. Igneous intrusion, medium light gray (N 6);
moderate plagioclase and amphibole phenocrysts in
plagioclase (?) matrix; weathers moderate brown
(5YR 4/4); sill (?); limonitic staining; low ledgeformer

6.0

183,0

Unit 7. Shale and siltstone; shale, olive-black (5Y
2/1); laminated (45/in.); weathers moderate brown
(SYR 4/4) to dusky brown (5YR 2/2); abundant carbonaceçus material, noncalcareous; slope-former;
siltstone, color same as shale; wavy thin-bedded;
abundant worm markings; slope-former

8,0

177,0

30.0

169.0

Unit 11. Sandstone, fine-gsained, poor sorting,
light olive-gray (5Y 6/1), fresh and weathered;
abundant angular feldspar, moderate dark lithic
fragments, and trace of quarm; cross-bedded;
weathers into 1/2 in. fragments; siliceous (?) cement,
woody fragments throughout; subdued ridge-former
Unit 10. Shale and siltstone; shale, gray-olive (1OY

4/2); laminated (25/ in.); weathers olive-gray (5Y
3/2); noncalcareous; slope-former; siltstone, light
olive-gray (5Y 5/2), fresh and weathered; mottled

Traverse point: SE1/4NW1/4SW1/4 sec. 7, T,
N,, R. 10 E. Offset N. 30° W. of Andy Grande
Ranch for 2, 3 miles to base of sagebrush slope,
SE1/4SE1/4NE1/4 sec. 16, T, 8 N,, R. 9 E.
450
Proceed S.
E. up section.
6.
Siltstone with interbedded shale; siltstone,
light olive-gray (5Y 6/1); mottled very thin-bedded;
weathers light olive gray(5Y 5/2); very abundant
worm markings; shale, medium-gray (N 5), fresh
and weathered; laminated (50/ in.); non-calcareous;
steep slope-formers

Unit

Contizwed on next page
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Table 10 Continued.

Thickness (Feet)

Morrison Formation

Unit

Toçal

Unit 5. Covered; light-brown (5YR 6/4) silty sQil

85.0

139.0

Unit 4. Igneous intrusion, da,Ii-gray (N 3); olivine
basalt (?); weathers into rounded 1/2 in. moderatebrown (5YR 3/4) fragments; subdued ridge-former

4.0

54.0

45.0

50.0

Unit 2. Siltstone, gray-yellow (SY 8/4); very thinbedded, highly mottled bedding planes; weathers
yellow-gray (5Y 7/2); very calcareous, much lirnonite
staining; low ledge-former

3.0

5. 0

Unit 1

2. 0

2. 0

Traverse point: NE1/4NW1/4SW1/4

sec. 7, T. 8
N., R. 10 E. Offset N. 450 E. for 150 ft. along
contact. Proceed S. 45° E. up section

Unit 3. Covered; red (SR 4/6) silty soil
Traverse point: NW1/4NW1/4SW1/4 sec. 7, T. 8
N., R. 10 E. Offset N. 40 E. for 275 feet along

contacttoSWl/4SW1/4NW1/4sec. 7, T. 8N.,
R. 10 E. Proceed S. 45° E. up section.

Covered; pale red-brown (bR 5/4) soil
Total

406.0
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Table 11. Measured Stratigraphic Section of the Kootenai Formation. The following section of the
Kootenai Formation was measured 1.45 miles N. 38 W. of Bonanza Ranch on the west
side f an unimproved road in SE1/4NEI/4SE114 sec. 10, T. 8 N., R. 9 F..
Thichness (Feet)

Kootenai Formation

Unit

Total

Unit 8. Sandstone, medium-grained with fair sorting, light olive-gray (SY 6/1); angular feldspar,
moderate quartz, and trace dark lithic fragments;
crude cross-bedding (av. 3 in.); weathers yellowgray (SY 8/1); very calcareous, a few woody frag..
mens, partly covered with pebble conglomerate and
sandstone talus; steep slope-former

55.0

298.0

Unit 7. Conglomerate, moderate-brown (SYR 4/4);
subrounded chert pebbles dominant, supported in silt
matrix; thick-bedded (av. 2 ft.); weathers into 2 ft,
square pale brown (5YR 5/2) blocks; well indurated
and poorly sorted; very calcareous; sharp ridge-former

19.0

243.0

into 1 in. square grayish-orange ( 1OYR 7/4) fragments;
moderately calcareous, numerous woody fragments;
subdued ridge-former

10.0

224. 0

Unit 5. Siltstone, medium-gray (N 5); very thinbedded (av. 1/2 in. ); weathers grayish-orange (1OYR
7/4); very calcareous, sandy in part; unit poorly exposed; steep slope-former

80,0

14. 0

2. 0

134. 0

Covered contact with overlying Colorado Group.
Contact placed at stratigraphic aiiy lowest occurrence of dark-gray shaly soil.

Unit 6. Sandstone, very fine-grained, poorly sorted,
medium light gray (N 6); abundant feldspar and quartz;

thin-bedded (1/2 in, to 4 in., av. 2 in.); weathers

Unit 4. Sandstone, very fine-grained with fair
sorting, light-gray (N 7); abundant angular feldspar,
moderate quartz, dark lithic fragments; thin-bedded

(av. 4 in.); weathers into 4 in. square light olivegray (5Y 6/1) fragments; streaks of silicified wood
fragments; low ridge-former

Continued oi next page

123

Table 11 Continued.
Thickness (Feet)
Kootenai Formation

Uint

Total

59.0

132.0

and quartz trace dark lithic fragments; thinbedded (ay. 4 in.); weathers pale yellow-brown
(1OYR 6/2); abundant siliceous cement; poorly exposed; sharp ridge-former

48.0

73.0

Unit 1. Siltstone, light olive-gray (5Y 6/1); silt
dominant with very fine sandy parts, scattered red
chert pebbles; small scale pinch- and-swell structures; weathers moderate-brown (5YR 4/4); abundant
carbonaceous material; slope-former

25. 0

25. 0

Unit 3. Sandstone, very fine-grained, fair sorting, light-gray (N 7); abundant angular quartz and
feldspar, a few dark lithic fragments; cross-laminated

(av. 1/4 in.); weathers light olive-gray (5Y 6/i);
very caicareous, moderate woody fragments
throughout unit; unit pooriy exposed; forms low
ridges
Unit 2. Sandstone, fine-.grained, poor sorting,
yellow-gray (SY 7/2); abundant angular feldspar

Total

298.0

Table

124
Section of the Eagle Sandstone. The following section of the
Eagle Sandstone was measured 1.3 miles noitbwest of the old Lennep General Store in

12. Measured Stratigraphic

the SEI/4NW1/4NW1/4 sec. 26, T. 8 N., R. 9 E.
Thickness (Feet)

Eagle Sandstone

Unit

Total

Unit 36. Basalt porphyry; similar to unit 32.

8. 1

531.3

Unit 35. Claystone, dark-gray (N 3); thin-bedded
(av. 4 in.); weathers yeflow-gray (SY 7/2); moderately calcareous with abundant carbonaceous
material; slope-former

2.2

523.2

Unit 34. Basalt porphyry, greenish-gray (5GY 6/1),
fresh and weathered; hornblende-rich sill; low
ledge-f ormer

15.0

521. 0

Unit 33. Covered; greenish-ray hornblende-rich
sill rock talus

20.9

506.0

Unit 32. Basalt porphyry, brown-black (5YR 3/1);
predominant horublende; weathers olive-black (SY
2/1); good lineation of hornblende crystals parallel
to sill trend; ledge-former

10.2

485. 1

Unit 31. Covered; olive-black basalt porphyry
talus

13,0

474.9

fragments; ross'bedded (av. 1 in. ); weathers light
olive-gray (5Y 6/1); very calcareous; major bluffformer

41.8

461.9

Unit 29. Covered; light-gray sandstone talus

35. 6

420. 1

36. 5

384. 5

Covered contact with overlying Judith River Formation. Contact is placed at stratigraphically lowest
appearance of olive-gray wood-bearing sandstone.

Unit 30. Sandstone, medium-grained, light gray
(N 7); angular quartz dominant with trace of woody

Traverse point; NW1/4NE1/4SW1/4 sec. 26, T. 8
N., R. 9 E. Offset S. 15 E. for 330 ft. along
750

contact. Proceed N.

E. up section.

Unit 28. Sandstone, very fine-grained, medium
light gray (N 6); cross-laminated(1/8 in. to 1 in.,

av. 1/4 in.); weathers into 1/2 in. square yellowgray (SY 7/2) chips; very calcareous with moderate
woody fragments; sharp ridge-former

Continued on next page
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Table 12 Continued.
Thickness (Feet)

Eagle Sandstone

Unit

Total

39.7

348.0

6.0

308.3

42.1

302.3

5.6

260.2

8.8

254.6

weathers into 1/2 in. square light olive-gray fragments; very calcareous, numerous pelecypod fragments; low ledge-former

1.2

245.8

Unit 21. Sandstone, very fine-grained, poorly
sorted, yellow-gray (5Y 7/2); angular quartz and
subordinate feldspar; cross-laminated (1/16 in. to
1/2 in., av. 1/8 in.); weathers into 1/4 in. square
dusky yellow (SY 6/4) chips; very calcareous,
moderate woody fragments; low ridge-former

7.8

244. 6

Unit 20. Covered; olive gray (5Y 6/1) sandy soil

8.0

236. 8

Unit 19. Sandstone, very fine- grained with good
sorting, light olive.-gray (5Y 6/1); angular quartz,
subordinate feldspar; thick cross-bedded; weathers
dark yellow-brown (1OYR 4/2); very calcareous,
large (2 ft. to 3 ft.) rusty brown limestone concretions weathering out; subdued ridge-former

3. 3

228. 8

Unit 27. Covered; yellow-gray sandstone talus
Unit 26. Sandstone, subdued ridge-former; same

asunitl9

Unit 25. Covered; light-gray sandstone

Unit 24. Siltstone, grayish-olive (bY 4/2);
laminated (3/in.); weathers intO 1/4 in. square
dusky yellow chips. moderately calcareous,
numerous woody fragments; slope-former
Unit 23. Covered; light olive-gray sandstone

chips

Traverse point: NW1/4NE1/45W1/4, sec. 26, T. 8
N., R. 9 E. Offset S. 15 E. for 275 ft. along
contact. Proceed N. 75 E. up section.
Unit 22. Sandstone, very fine-grained with poor
sorting, olive-gray (SY 4/1); angular quartz and
feldspar with moderate woody fragments; very

thin-bedded (1/8 in. to 1 in., av. 3/4 in.);

Continued on next page
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Table 12 Contirnied.

Thickness (Feet)

Eagle Sandstone

Unit

Total

Unit 18. Covered; yellow-green sandy soil

9,3

225.5

Unit 17. Sandstone, subdued ridge-former;
similar to unit 15, but leaf impressions locally
abundant

7.0

216.2

Unit 16. Covered; yellow-gray soil wilh gray sandstone fragments

5.9

209.2

careous; low sharp ridge-former

1.0

203. 3

Unit 14. Covered; light olive-gray (5Y 6/1) sandstone fragments

2.8

202. 3

Unit 13, Sandstone, very fine-grained, fair sorting, light olive-gray (5Y 6/1); abundant subangular
quarts and feldspar; thin cross-bedded (3 in. to 12
in., av. 8 in.); weathers medium light gray (N 6);
carbonate cement; low rounded ridge-former

3. 1

199. 5

122. 1

196,4

Unit 15. Sandstone, very fine-grained, good sorting, light olive-gray (SY 6/1); predominant angular
quartz, moderate feldspar, numerous biotite (?)

flakes; cross-laminated (1/8 in. to 1 in., av. 1/4
in.); weathers medium light-gray (N 6); very cal-

Unit 12. Covered; light-gray sandstone fragments
Unit 11. Sandstone, very fine-graned with fair
sorting, light olive-gray (5Y 5/2), fresh and weathered;
predominant angular quartz, subordinate feldspar,
trace biotite (?) flakes; strongly cross-laminated (1/8
in. to 1 in., av. 3/8 in.); moderate carbonate cement;
low ridge-former

2. 3

74. 3

Unit 10. Covered; dark yellow-brown (1OYR 4/2)
sandstone fragments

6.2

72.0

4.0

65. 8

Unit 9. Sandstone, very fine-grained, fair sorting,
light olive-gray (SY 5/2); dominantly subangular
quartz, moderate biotite, trace feldspar; thin cross-

bedded (2 in. to 9 in., av. 5 in.); weathers dark'
yellow-brown (1OYR 4/2); carbonate cement

Continued

on next page
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Table 12 Continued.
Thickness (Feet)
Eagle Sandstone

unit

Total

16.5

61.8

Unit 7. Sandstone; same as unit 3

4.0

453

Unit 6. Covered; brown sandy soil

15.3

41.3

cross-bedded (1/4 in. to 4 in., av. 1 in.)

4. 1

26.0

Unit 4. Covered; brown sandy soil and scattered
brown sandstone fragments

8.9

21 9

3.8

13.0

6.2

9,2

3.0

3. 0

Unit 8. Covered; pale brown (SYR 5/2) soil

Traverse point: SE1/4SE1/4NW1/4 sec. 26, T. 8

N., R. 9 E. Offset S. 20 F.. for 330 ft. along contact. Proceed N. 700 F.. up section.

Unit 5. Sandstone; similar to unit 3, but thin

Unit 3. Sandstone, very fine-grained with fajr sorting, light olive-gray (SY 5/2); predominant angular
quartz, subordinate feldspar, numerous biotite flakes;

thin cross-bedded (1 in. to 12 in., av. 4 in.); weathers
pale brown (SYR 5/2); abundant carbonate cement; low
ridge-former
Unit 2. Covered; yellow-brown sandy

soil

and slope-

wash

Unit 1. Sandstone, very fine-grained, poor sorting,
yellow- gray (5Y 7/2); subangular quartz dominant,
abundant biotite flakes; poorly developed thin cross-

bedding (2 in. to 10 in., av. 4 in.); weathers dark
yellow-brown (1OYR 5/4); much carbonate cement;
low sharp ridge-former

Total

541.3
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Table 13. Measured Stratigraphic Section of the Judith River Formation.
The followisg section of
the Judith River Formation was measured 1.4 miles nortji of the old Lennep General
Store in the NW1/4SWI/4SEI/4 sec. 24, T. S N., R. 9 E.
Thickness (Feet)

Judith River Formation
Unit

Total

2.4

1245.5

Unit 38. Covered; green silty soil with numerous
Ostrea fragments

12. 3

1243. 1

Unit 37. Coquina, brown-gray (5YR 4/1), fresh
and weathered; very abundant Ostrea shells in
brown micrite matrix; low ridge-former

3.6

1230.8

39.8

1227.2

4.1

1187.4

101.4

1183.3

Unit 33. Sandstone, very Iine-grained, light-gray
(N 7); predominant angular feldspar, subordinate dark
lithic fragments and quartz; very thin-bedded (1/2
in. to 2 in.); weathers medium-gray (N 5); carbonate
cement, numerous carbonaceous streaks; subdued
ridge-former

18.1

1081.9

Unit 32. Covered; red-brown sandstone talus on
light brown sandy soil

20.3

1063.8

Covered contact with overlying Bearpaw Shale.
Contact placed at stratigraphically lowest occurrence of the green-gray shaly soil.
Unit 39. Sandstone, very fine-grained with fair
sorting, light olive-gray (SY 5/2); abundant
angular feldspar, sub angular qnart trace dark
lithic fragments; thick-bedded (8 in, to 18 in.);
weathers into 2 in. square pale yellow-brown (1OYR
6/2) fragments; caicaxeous cement; low ridge-former

Unit 36. Siltstone, gray-green ( lOGY 5/2), fresh
and weathered; very thin-bedded (1/4 in. to 6 in.,
av. 1/2 in.); becomes sandy toward top; slopeformer
Unit 35. Siltstone, light-gray (N 7); thin-bedded

(1/2 in. to 6 in., av. 2 in.); weathers pale reddishbrown(1OR 5/4); silica cement
Unit 34. Shale, gray-olive (bY 4/2); noncalcareous,
abundant iron staining, highly weathered bone (4 in.
by 20 in.); laminated (10/in.); weathers into 1/16 in.
square dusky yellow-green (SGY 5/2) chips; poorly exposed; slope-former

Continued on next page
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Table 13Continued.
Thickness (Feet)

Judith River Formation
Unit

Total

4.9

1043.5

Unit 30. Covered; scattered pale brown sandtoue
ledges and light gray-brown soil

76.0

1038.6

Unit 29. Sandstone, green-gray (SC 6/1); angular
fine-grained feldspar and quartz, moderate chest
pebbles; thick-bedded (1 ft. av.); weathers into 1
in. square moderate brown (SYR 4/4) fragments;
abundant carbonate cement and woody fragments

20. 1

962.6

Unit 28. Covered; light green to red-purple sandstone fragments

5.0

942.5

Unit 27. Sandstone, dominantly fine-grained,
trace pebble, medium gray (N 5); subangular feldspar, angular quartz, subrounded chest pebbles;
thick-bedded (1-1/2 ft. av.); weathers into 2 in.
square pale red-purple (SRP 6/2) fragments; silica (?)
cement

1.5

937.5

Unit 26. Covered; brown to green sandstone chips
on gray'green soil

15.2

936.0

Unit 25. Siltstone and sandstpne; siltstone, light
bluish-gray (SB 7/1); thin-bedded (av. 3 in.); weathers
dark yellow-brown (10 YR 4/2); carbonate cement;
sandstone, fine.'grained, fair sorting, fresh and
weathered, as above; angular feldspar, subordinate
quartz; thin-bedded (av. 4 in.); very calcareous; rounded
slope-formers

4.0

920. 8

Unit 24. Sandstone, uine-grained and poorly sorted,
light-gray (N 7); predominait subrounded feldspar,
dark lithic fragments; thin-bedded ( 1 in. to 6 in.,
av. 3 in.); weathers light olive gray (SY 5/2); carbonate cement; very low ridge-former

9.8

916.8

Unit 31. Sandstone, very fine-grained with fair
sorting, medium light gray (N 6); angular feldspar
and quartz, subordinate dark Lithic fragments; thinbedded (1/2 in. to 2 in.); weathers pale red-brown
(bR 5/4); carbonate cement; very iow ridge-former

Continued on next page
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Table 13 Continued.

Thickness (Feel;)

Judith River Formation
Unit

Total

20.0

907.0

4.7

887.0

43.0

882. 3

weathers into 1/4 in. by 1/2 in. moderate yellowbrown (1OYR 5/4) fragments; silica cement; very low
ridge-former

12.0

839.3

Unit 19. Sandstone, fine-grained, medium light
gray (N 6); angular feldspar, subordinate dark lithic
fragments; cross-laminated (av. 1/2 in.); weathers
light brown (YR 5/6); carbonate cement; subdued
ridge-former

6.4

827, 3

33.5

820.9

4.2

787.4

14,0

783,2

6. 0

769. 2

Unit 23. Mudstone, olive-gray (SY 3/2); weathers
into 1/4 in. by 1/8 in. yellow-gray (SY 7/2) chips;
noncalcareous; slope.former
Unit 22. Sandstone, fine-grained, fair sorting,
light olive-gray 5Y 6/1); dominantly subangular

feldspar; thin-bedded (1/2 in. to 8 in., av. 2 in.);
weathers into 3 in. square moderate yellow-brown
(1OYR 5/4) fragments; subdued ridge-former
Unit 21. Sandstone, very fine-grained, gray-green
(lOGY 5/2); angular feldspar and quartz; thin-bedded
(2 in. to 6 in., av. 4 in.); weathers pale red-brown
(1OR 5/4); silica cemeut subdued ledge-former

Unit 20. Sandstone, very fine-grained, gray-green
(lOGY 6/4); dominantly rounded feldspar, subordinate
angular quartz; thin-bedded (1 in. to 6 in., av. 3 in.);

Unit 18. Covered, red-brown sandstone and siltstone
fragments on light brown soil
Unit 17. Sandstone, subdued ridge-former; same
as unit 15

Unit 16. Mudstone, gray red-purple (5RP 4/2),
weathers into 1/4 in. pale red-purple (5P.P 6/2)
chips; trace of woody fragments; slope-former
Unit 15. Sandstone, fine-grained and poorly sorted, green-gray (5G 6/1); angular feldspar, subordinate
dark lithic fragments; thick-bedded (2 ft. to 4 ft.);
weathers green-gray (5GY 6/1); carbonate cement;
subdued ridge-former

Continued on next page
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Table 13 Continued.

Thickness (Feet)

Judith River Formation
Unit

Total

5. 1

763.2

4.1

758.1

15.0

754. 0

30.0

739.0

185.0

709.0

17. 0

524. 0

78,0

507.0

Unit 7. Sandstone, very fine-grained wIth poor
sorting, medium gray (N 5); angular quartz, subordinate feldspar; very thin-bedded (av. 1 in.);
weathers olive-gray (5Y 4/1); abundant carbonate
cement; subdued ridge-former

16. 5

429.0

Unit 6. Covered; light brown silty soil with
scattered gray sandstone outcrops

13.0

402. 5

Unit 5. Sandstone, very fine-grained, fair sorting, light olive-gray (SY 6/1); predominant subangular I eldspar subordinate angular quartz; thinbedded (av. 4 in.); weathers medium gray (N 5); very
calcareous; subdued ridge former

15.0

389.5
Continued on next page

Unit 14. Covered; green-brown soil
Traverse point: SE1/4SE1/4SW114 sec. 24, T. 8
N., R. 9 F. Offset N, 40 W. for 220 ft. along
contact. Proceed S. 50 W. up section.
Unit 13. Sandstone, subdued ridge-former; same

asunitll

Unit 12. Siltstone, olive.gray (5Y 3/2); laminated
(25/in.); weathers yellow-gray (5Y 7/2); limonite
staining; guiley-forrner
Unit 11. Sandstone, medium- to fine-grained,
medium dominant; green-gray (SGY 6/1); predominant subrounded feldspar, moderate dark
lithic fragments; cross-laminated (av. 3/8 in.);
weathers moderate yellow-brown (1OYR 5/4);
limonite staining; sharp ridge-former

Unit [0. Siltstone and mudstone, scattered outcrops with green-gray (5G 6/1) soil; valley-former
Unit 9, Sandstone, very fine-grained, medium
light gray (N 6); angular feldspar, subordinate rounded
dark lithic fragments; thinly cross-bedded (1/2 in. to
4 in., av. 1 in.); weathers light olive-gray(5Y 6/1);
carbonate cement; low ridge-former
Unit 8. Covered; light green to light brown silty
soil

1 3Z

Table 13 Continued.

Thickness (Feet)

Judith River Formation
Unit

Total

Unit 4. Siltstone, gray-olive (WY 4/2); laminated
(?);wathers into 1/4 in. square dusky yellow (SY
6/4) chips; poorly exposed; slope-former

22.5

Unit 3. Sandstone, fine-grained, fair sorting, light
olive-gray (5Y 6/1); angular quartz, subordinate
rubronnded feldspar; thin-bedded (1/8 in. to 4 in.,
av. 2 in.); weathers dark yellow-brown (1OYR 4/2);
carbonate cement, woody fragments; low ridgeformer

35.0

352.0

302.0

317.0

15. 0

15. 0

Traverse point: NE1/4SE1/4SW1/4 sec. 24,

T. 8 N., R. 9 F, Offset S. 60°F. for 110 ft.
along contact. Proceed S. 300

w. up section.

Unit 2. Covered; moderate brown to green soil
with scattered exposures of moderate green siltstone and mudstone
Unit 1. Sandstone, very fine-grained, poorly sorted, yeUowgray (5Y 7/2); subangular feldspar,
angular quartz; very thin-bedded (1/2 in. to 1-1/2
in., av. 1 in,); weathers light olive-gray (5Y 5/2);
carbonate cement, abundant woody fragments; subdued ridge-former

Total

1245. 5
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Table 14. Measured Stratigraphic Section of the Bearpaw Shale. The following section of the
Bearpaw Shale was measured 0.5 miles west of the old Lennep General Store along the
north side of the road to Castle Town in SW1f4NWI/4NWI/4 sec. 36, T. 8 N., R. 9 Thickness (Feet)

Bearpaw Shale

Unit

Total

Unit 25. Covered; dark colored basalt porphyiy
blocks and carbonaceous shale

34.5

1246.2

Unit 24. Basalt porphyry, sharp ridgeformer;
same as unit 10

12.1

1211.7

Unit 23. Sandstone, very fine-grained and poorly
sosted, xnethum gray (N 5); predominant fe)dspar,
subordinate dark lithic fragments; thin cross-bedded
(av. 4 in.); weathers moderate brown (SYR 4/4);
carbonate cement; slope-former

4.4

1199.6

Unit 22. Covered; dark gray basalt porphyry talus
on very sandy brown soil

125.2

1195.2

Unit 21. Sandstone, very fine-grained with fair
sorting; light olive-gray (5Y 3/2), fresh and
weathered; angular dark lithic fragments, subordinate feldspar; very thin cross-bedded (av. 1 in.);
carbonate cement; stbdued ridge-former

2.6

1070.0

240.0

1067.4

Unit 19. Sandstone, vry fine-grained, medium
dark gray (N 4); abundant subangular feldspar,
moderate lithic fragments; very thin-bedded (av. 1
1/2 in.); weathers light olive-gray (SY 5/2); carbonate
cement, limonite stainisig; low hill-former

4.2

827.4

Unit 18. Syenite, medium light gray (N 6), abundant
pink orthoclase phenocrysts up to 1-1/4 in. by 3/8 in.,
moderate biotite crystals; weathers pale yeflow-brown
(1OYR 6/2); sill; sharp ridge former

6.3

823.2

295.0

816.9

Covered contact with overlying Lennep Formation.
The contact placed at stratigraphically lowest
appearance of olive-gray, flaggy, fine-grained sandstone.

Unit 20. Covered; basalt porphyry talus on dark
gray shaly soil

Unit 17. Covered; brown silty soil

Continued on next page
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Table 14 Continued.

Thickness (Feet)

Bearpaw Shale

Unit

Total

Unit 16. Basalt porphyry, sharp ridge-former;
same as unit 10

11.6

521.9

Unit 15. Covered; dark basalt porphyry talus

185.0

510.3

Unit 14. Basalt porphyry; sharp ridge-former;
same as unit 10

5.1

325.3

120.0

320.2

Unit 12. Basalt porphyry; sharp ridge-former;
same as unit 10

12.4

200.2

Unit 11. Shale, similar to unit 6, but more
fissiie; poorly exposed; va1ley-formei

40.5

187.8

Unit 10, Basalt porphyry, dark gray (N 3);
abundant elongate hornblende crystals in finegrained groundmass; weathers yellow-gray (SY 7/2);
sill; sharp ridge-former

9.6

147. 3

89.7

137. 7

Unit 8. Mudstone, medium dark gray (N 4);
orange zeolites (?); thin-bedded (av. 4 in.);
weathers moderate brown (5YR 4/4); well indurated;
siliceous cement; sloper-former

4. 1

48, 0

Unit 7, Basalt porphyry, medium dark gray (N 4);
abundant elongate hornblende crystals in very finegrained matrix; weathers medium bluish-gray (5B
5/1); sill; subdued ridge-former

4.8

43.9

Unit 6. Mudstone, light olive-gray (SY S/i),
fresh and weathered; orange zeolites (?); very
thin-bedded (av. 1 in.); weathers into 1/4 in.
square chips; siliceous cement; slope-former

6. 2

39.1

Unit 13. Covered; dark basalt porphyry talus on
moderate green shaly sci1
Traverse point; NW1/4NW1J4NW1J4 sec. 36,

T. 8N., R9E. OffsetN22 W, for3SOft.

along contact. Proceed N. 78° E. up section.

Unit 9. Covered; dark gray basalt porphyry talus
on brown silty soil

Continued on next page
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Table 14 Continued..

Thicicness (Feet)

Bearpaw Shale

Unit

Total

2.4

12.9

3.2

10.5

2.3

7.3

2.6

5.0

Unit 1. Shale, light green-gray (SG 8/1); abundant
very fine-grained biotite flakes, specks of yeU9wiShgray bentonite (?); weathers pale brown (5YR 5/2);
laminated (iS/in.); silica cement; slope-former

2.4

2. 4

Total

1246.2

Unit 5. Sandstone, very fine.-grained and poorly
sorted, gray-yellow-green (5GY 7/2); abundant
angular feldspar, numerous biotite flakes; thinbedded (av. 21/2 in.); weathers very pale orange
(1OYR 8/2); silica (?) cement; subdued ridgeformer
Unit 4. Shale, slope-former; same as unit 1

Unit 3. Basalt porphyry, olive-gray (SY 3/2);
abundant elongate hornblende crystals in finegrained matrix; weathers grayish-orange (1OYR
7/4); highly weathered exposure; subdued ridgeformer
Unit 2. Covered; light brown to moderate green
shaly soil
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Table 15. Measured Stratigraphic Secion of the Lennep Formation. The following
section of the
Lennep Formation was measured 0.5 miles north of the old Lennep General Store on the
east side of Bonanza Ranch road in the SWl/4NE1/4NW1/4 sec. 25, T. 8 N., R. F.
Thickness (Feet)

Lennep Formation

Unit

Total

Unit 13. Sandstone, fine-grained, light olive-gray
(SY 5/2); abundant subangular dark lithic fragments,
subordinate feldspar; very thin-bedded (av. 1 in.);
cross-bedded; weathers moderate yellow brown
(1OYR 5/4); carbonate cersient; forms sharp ridges

30.5

426.6

Unit 12. Covered; yellow-brown silty soil

35. 5

396. 1

Unit 11. Sandstone, fine-grained, medium light
gray (N 6); predominant dark lithic fragments, subordinate subangular feldspar; carbonaceous streaks
and carbonate cement; low ridge-former

12.6

360.6

60.0

348.0

11,0

288.0

30.0

277.0

6.5

247.0

Covered contact with the overlying Hell Creek
Formation. Contact placed at stratigraphically
highest occurrence of flaggy yellow-brown sandstone,

Unit 10. Shale, olive-gray (5Y 3/2); obscure
laminations; weathers into 1/4 in. gray-olive (bY
4/2) chips; very poor exposures; forms small de
pressions

Unit 9. Sandstone, fine-grained, light olive-gray
(5Y 5/2); dominantly subangular feldspar, trace
lithic fragments; thin-bedded (av. 3 in.); crossbedded; weathers moderate yellow-brown (1OYR
5/4); carbonaceous streaks In upper part; low
rldge.former
Unit 8. Covered; pale red-purple (SRP 6/2) sUty
soil

Unit 7. Sandstone, ine-grained, pale olive
(bY 6/2); abundant subrounded lithiq fragments;
very thin-bedded (av. 1 in.); cross-bedded, weathers
moderate yellow-brown (1OYR 5/4); carbonate cement;
becomes shaly in lower part; forms ridges

Continued on next page
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Table 15 Continued.

Thickness (Feet)

Lesmep Formation

Unit

Total

brown sandstone fragments

40.0

240.5

Unit 5. Sandstone, fine-grained, gray-yellow'.
green (5GY 7/2); predominant subangular feldspar,
subordinate dark lithic fragments; very thin bedding
(av. 1/2 in.); cross-bedded; weathers moderate
yellow-brown ( 1OYR 5/4); subdued ridge-former

10.0

200.5

Unit 4. Covered; soil includes yellow-brown sandstone fragments and pale green shaly chips

15.0

190.5

Unit 3. Sandstone, pebbly at base grading up to
fine, yellow-gray (SY 7/2); abundant sub angular
lithic fragments, subordinate feldspar; very thinbedded (av. 1 In. ) cross-bedded; uoncalcareous;
forms sharp ridges

8.0

175. 5

Unit 2. Siltstone, o2ive. gray (SY 3/2); obscure
bedding; weathers into 1/8 in. light olive-gray
(SY 5/2) chips; shaly in part; very poor exposure;
slope-former

152.5

167.5

Unit 1. Sandstone, fine-grained, medium light
gray (N 6); dominantly sub angular dark lithic fragments, trace of feldspar; very thin-bedded (av. 3/4 in.);
cross-bedded; weathers intO 1/4 in. by 1/2 in. light
olive-gray(SY 5/2) fragments

15.0

15.0

Traverse point: SWI/4NWLI4SE1/4 sec. 25,
T. 8 N., B.. 9 F. Offset N. 60°W. for 110 ft.
along contact. Proceed N. 300 F.. up section.

Unit.6. Covered; soil includes pale green shale and

Total

426.6

