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PART I

BY
C. H. CLAPP
INTRODUCTION

Region and Field Work.

On account of the diseovery of oil in central Montana, and the
consequent interest in the oil resources of the state, the State Burean
of Mines and Metallurgy undertook a geological survey of the oil and
gas possibilities of Montana. Beeause of the greatly deformed and
fractured character of the roecks in the western, mountainous region,
it was believed that only in the central and eastern portions of the
state are oil and gas possibilities of .immediate prospective value,
Hence, during the firgt semson, only that porton of the state east
of the main' front range of mountainge was surveyed. However, as -
that portion constitutes nearly two-hirds of the entire state, 98,000
square miles out of a total of 147,000 square miles, a.task of consid-
erable magnitude for a single season was undertaken.

A base map on a scale of four miles to an inch was compiled

_and on this was assembled all of the available geological information
from reliable sources, chiefly the publieations of the United States
Geological Survey. In this way, several areas, approximating 50,000
squaré miles in- extent, wete mapped with varying degrees of mccuracy,
leaving several large unmapped areas. Thus there remained to be
mapped during the seasom of 1920 ahout 48,000 square miles of terri-
tory, distributed throughout central and eastern Montana.

Two parties were organized, one consisting of G. 8. Lambert and

" Arthur Bevan, and the other of C. H. Clapp and R. J. Wade. Mr.
Bevan left for the field on June 14, accompanied by €, 'W. Vaupell,

who assisted -him until July 1, when G. 8. Lambert joined the party.

Lambert and Bevan finished their field work on September 22. C,
H. Clapp left for the field on July 9 and returned on August 28.
Sinee then a 3-day trip was made to the Cat Creek oil field by Clapp
and Lambert during the last part of December. There were only 152
party days spent or actual field work, which necessitated an average
of 315 square miles of mapping per party day.

The mapping, therefore, was obviously of a reconnaissance mature, '
but was checked by the work of several private surveys, as well as by
the work of the United States Geologieal Survey in areas not yet
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published by them. No detailed work was, of course, possible. Nearly
all the surveyed roads in the region were traversed in automobiles,
loeations being made from seetion eorners and by measurement of
distances with a speedometer. In unsurveyed townships, compass
traverses were made of tlie roads, and distant contacts were located
by a rough compass triangulation.

For publication the accompanying . geologic map of central and
eastern Montana, on a seale of 1:500,000, or about 8 miles to an inch,
has been compiled by &. 8. Lambei't. The base map was compiled by
the United States Geological Survey in 1913 and has been ecorrected
and brought up te date by A. L. Longley with data from the United
States Land Survey plats of 1913 to 1919, )

Authorship and Acknowledgments.

The table of contents names the individual anthor of each portion
of the report, but all portions were written after conference and dis-
cussion of all portions by all three authors. Much of the report must
be considered as a compilation of reporta already published, dealing
with the geology and mineral resources of centfal and eastern Mon-
tana. Even for those areas, a geologic map of'which has not been
heretofore published, a large part of the information has been obtained
from others. )

It iz not feasible, even if it were possible, to acknow]edge by
name all of those to whom credit is due for both gemeral and aspecifie
information. The United States Geological Survey has furnished by
far the major part of the data for both the report, and map. Those
papers prepared by the staff of the survey, which were actually- used
during the survey and preparation of the report are listed in the
bibliography and specific mention is made to several of them through-
out the report. In addition, a map of the central and eastern part of
Montana was prepared by the United States Geological Survey showing
several important geologic boundaries, especially in areas where no
geologic maps have been published. These beundaries were not every-
where accep‘sed but were used where the writer’s own work was too
- general or incomplete,

Acknowledgment to the Geological Department of the Anaeonda
Copper Mining Company sheuld also be made, It wag in this depart-
ment that both the field and final maps were compiled and draughted.
Although all members of the department contributed t¢' the accuracy
and value of the maps, specific acknowledgment is made to Mr. A. L.
Longley in charge of the draughting, to Mr. P. R, Marphy, who com-
piled the geology for the field maps, and to Messrs. George Fowler and
Paul Billingsly, who have been in charge of much of the areal geologic
surveys and development for oil and gas carried on by the company.

Mr. Eugene Milburn of Miles City furnished the writer with many
veports by various geologists obtained during hia investigation of the
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oil and gas resources of the state. Areal inforination has also been
obtained from Mr. Julius H..Warner, of the East Butte Copper Com:
pany. Detailed information and logs of wells -have been freely given
by meost. of .the oil operators and geologists of the state. To many
others the authors are indebted for the: aid which has been given to
them. .

Biblidgrh&}hy :

The following list is not a complate b1b1mgrap]1y of all the papers
relative to the geology and mineral resources of central and eastérn
Montana.. A complete bibliography dealing with the gsology of the
state is being compiled and will be publishéd later. In the following
list an attempt has been made to give only the more 1mportant and
latest papers, for where a later publieation supersedes an earlier one,
the earlier one has not beem given. All papers used during the work
have, of course, been listed. The papers are first listed in the order
of their publication and then indexed aceordmg to the counties to
which they refer.

(1) Hayden, F. V.,
Geology of ‘the Miasgouri Valley: U 8, Geol. Survey Terr,

] Prelim. (Fourth Ann,) Rept 1871.
(2) Weed, W. H,

The Laramle and the overlying lemgston formation of

Montana: U. 8. Geol, Burvey Bull. 105, 1893
(3) Iddings, J. P. and Weed W. H,,

U. 8. Geol.’ Survev Geol Atlal, Livingston folie (No. 1),
1894,
(4) Weed, W. H. and Pn"on, L. Vv,
i Geology and mineral resourees of the Judith Mountains of
Montana; U. 8. Geol. Survey, Elghteenth Ann Rept., Part
3, pp. 437-616, 1898,
(5) Weed, W. H,,
Geo}ogy of the Little Belt Mountains, Montana; U. S,

Geol. Survey Twentieth Ann, Rept. Part 3, 1899,
(6) Weed, W, H,,

U. 8. Geol. Burvey Geol. Atlas, Fort Benton folio (Ne. 5),
1899.

(7) Weed; W. H, : : .
U. 8. Geol. Survey Geol. Atlas, TLittle Belt Mountains
folio (Neo. 5), 1899. : o

(8) Willis, Bailey,

. Gil of the northern Rocky Mountains: Eng. and Mmmg
Joui., Vol. 72, pp. 782-784, 1801,

) Hatcher, J. B

. Relative age-of the Lance Creek beds of Converse County,
Wyo., the Judith River beds of Montana, snd the Belly
River beds of Canada: Am. Geologist, Vol. 31, p. 369,
1963. ’
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SURFACE TEATURES.

The eastern part of Montana is in the Great Plains region of
North America, and the western part lies within the Rocky Mountain
system of the mountainous Cordellera of the continent. Thus the
state is divided into a western mountainous district and an eastern
plains or prairie district, constituting almost two-thirds of the state.
Although the boundary between the two districts is fairly well defined,
crossing the state with a general N. 35° W. trend, the western part
of the prairie district is characterized by several small ranges or
- groups of mountains, rising island-like above the general prairie level
for over 200 miles east of the main mountain front. The prairie region
itself may, therefore, be subdivided into a western and an eastern
part, Central Montana and Eastern Montana, Thus the surface feat-
ures of Montana divide the state into three distinet geographic dis- .
tricts, Western, Central and Eastern Montana. This report deals exelu:
sively with Central and Eastern Montana.

In Central Montana the rocks are conspicuously folded with a
general northwest trend, whereas in Fastern Montana, except in two
or three places, the rocks are nearly flat lying or dip at angles of
less than five degrees. Hence in Central Montana the more resistant
rocks form the ranges and groups of mountains, which rise island-like
above the geferal level of the prairies by 2000 to 6000 feet, whereas
in Eastern Montana there are no distinet groups of mountains, although
in plaees high cuestas, mesas, and buttes surmount the general prairie
level by 1000 to 2000 feet. :

- Central and Esstern Montana are drained by prevailingly eastward
and northeastward flowing, consequent streams, and owing to the semi-
arid climate by only relatively few tributaries of an insequent nature.
In Central Montana, however, some of the tributary streams follow
80ft rock belts and hence are subsequent streams. With the exception
of 8t. Mary River, which rises in the mountains a few miles south of
the Canadian border and enters the Saskatchewan, all the rivers
drain into the Missouri, which, rising in the mountains, flows gener-
ally eastward across the prairie. Its main tributary, the Yellowstone,
rises in the mountaing of northwestern Wyoming and flows northeast,
joining the Missouri in North Dakota just east of the Montana line.
These two rivers divide Central and Eastern Montana into three nearly
equal portions extending east from the mOuntams to the North Dakota
boundary

North of the Missouri, following for some distance the pre-
- Glaeial channel of the Missouri, is the Milk River. Between the
Missouri and the Yellowstone is the Musselshell. South of the Yellow-
stone are several large streams, flowing into it, which, enumerated from
west to east, are the Big Horn, Rosebud, Tongue, and Powder rivers,
all except the Rosebud having their source in ‘Wyoming. The extreme
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sontheastern. part of the gstate is crossed by Little Missouri River,
which. enters the Missouri in Morth Dakota.

The outlying :ca.n'ges and . groupz of mountains -of Central Mon-
tana consist from morth to south of the Sweetgrass Hills, near the
Canadian border; the Bearpaw and Little Roeky mountains, between
the Milk and Missourl rivers; the Little Belt, Highwood, Moecasin,
and Judith -mounntains south of the Missouri; the Castle and Big
Snowy mountaing, north of the Musselshell; the Crazy mountains be-
tween the Musselshell and Yellowstone rivers; and the Pryor and Big-
horn mountains south of the Yellowstone. The Pryor mountains, lying
wholly within Montana, are the northwestern portion of the Bighorn
Mountains ‘uplift, which. was completely bisected by the Bighorn River.

Most of the mountains ennmerated above are relatively low, in
groups which are 10 to 40 miles across, each of. which consists of a
maturely eroded dome, exposing in most groups a cemtral core of
registant igneouns .rocks. Omnly the higler psaks of the Little Belts,
Big Snowy, Crazy, and Bighorn mountains have been -glaciated into
saw-tooth or serrated summits; whereas the other peaks, although
usually steep and rugged, have more or less rounded or mnearly level
summits, The highest suhmits eccur in the Crazy Mountains which,
although carved from nearly flat sediments intruded by - resistant
igneous rocks, are over 11,000 feet above sea level,  or 6000 feet ahove
the surrounding plains.

Eastern Montana ecnsrsts of a Broad, neéarly level or gently sloping
plain, above which remnants of former plains and slopes still remain
to form mesas, buttés, and cuestas. Cut into the plain are the youth-
ful te mature valleys of the present stredms, which, in some places,
have developed broad flood plains, and, in other places, still flow “in
ndrrow, although net very deep, gorges. In most places the insequent’
tributary streams of the larger rivers, throughout a zome varying in
width from iless than a mile to over 10 ‘miles, have cut the prau-lc
plain into breaks or bad lands.

The prairie plains slope in general toward the north and wnorth-
east, so that the elevation of the dominant rolling prairie plain ranges
from 4000 feet above sea-level in Central Montana to 2300 feet in the
extreme northeastern part of the state. TInto- this plain the larger
rivers have cut their valleys to a depth of 100 to 500 feet. The
lowest elevation in the state oceurs where the Missonri and the Yel-
lowstone erogy the North Dakota boundary, each at an elevatlon of
somewhat less than 1900 feet above sea-level

Few of the buttes, messs, or cuestas surmount the prairie level by
more -than 50€¢ to- 1000 feet. The principal mesas are the gravel cov-
ered - pla.teaus aloug the. Canadian border(l), Larb Hills between the

- (1) Descnbegi by, A: Ja Collier, Geology of northea,sl:em Montana; U 8. Geol.
Survey, Prof.. P&per 120}3 page 19, 1918,

s o0
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Milk and Missouri rivers; the: Piney and ‘Black buttes north” of ‘the
Miggouri; the Sheep and Little Sheep mountaing north of the Yellow-
stone; Bull Mountains between the Musselshell and Yellowstone nvers,
Pine Ridge between the Yéllowstone and Bighorn rivers; and a num-
ber of conspicuous white buttes in ‘the ‘southeastern part. of ‘the state.

The Wolf and Rosebud mountains are the highest ‘and most exten-

- sive of  the mesas. Taken as a whole they form a broad synclinal’
plateau between Little Bighorn River and the deeply eroded northern
part of the Black Hills uplift in the sontheasterm corner of ‘the state.
The western portion of the plateau, to which the name of Wolf Moun-
tains is applied, forms a westward facing ciesta, whose steep fromt
slope i3 from 1500 to 2000 feet high, the maximum elevation of the
cuesta being 5663 feet above sea-level. The rocks, and hence the 'sur-
face of the cuesta, dip gently eastward to elevations of-less than
4000 feet. The castern portion of the plateau, known as Piniele Ridge,
forms a far less eonspicuocus eastward facing cuesta surmounting .the
lowland plain cut in the non-resistant rocks of the Black Hills uplift.
The plateau is deeply cut by the Rosebud, Tongue, and Powder rivers,
and near its northern edge is dissected into a number of small mesas
and buttes surmountaing the prevailing lowland level, which nierges
toward the north and east into the roHing prairie characteristic of the
greater part of Eastern Montana. .

North of the Yellowstone in the vicinity of Forsyth, is a’ dome
shaped uplift 40 by 30. nules the limbs of which dip. at angles up to 40
degrees. Where the more resistant rocks dip more steeply than 10
degrees, conspieuous ridges are formed. Similar ridges occur along the'
steeply dipping southwestern' limb of the Cedar Creek anticline, extend:
ing from Glendive on the Yellowstone 8. 30° B. into North Dakota.
-Less conspicuous and smaller ridges or cuestas surround the Black
Hills uplift in the extreme goutheastern portion of the state.

In a few placecs, in and near the dome northwest of Forsyth and
wegt of Jordan between the Piney and Black -buttes, are resistant
dikes of igneous rocks which form small ranges. Smoky Buttes, west
of Jordan, is the most congpicuous, surmountmg the prairie level by
400 feet.

GENEBAL GEOLOGY.

The sedimentary rocks of Bastern Montana are almost overywhere
flat lying or gently dipping. Tle older sedimentary rocks of Central
Montana have, however, been deformed and intruded by igneous rocks,
while the sedimentary rocks of Western Montana are still older and
more deformed and have been -intruded by larger and more frequent
bodies of igneous rocks. The base of the main front range of the

- Rovky.-Mouatain system roughly marks the boundary between the
less deformed rocks of Eastern and Central Montana and the greatly
deformed and igneous rocks of the western part of the state, and has
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been taken as the western boundary of the area mapped and deseribed
in this report.

Although the sedimeatary and metamorphic rocks of Montana range
in age from the -most ancient, Archean, to the most modern Quatern-
ary and Recent,_thosé of ,Cenfral.Montana“are dominantly of middle
age, late Paleozoic and Mesozoie, and thoge of Hastern Montana are
dominantly early modern, late Mesozoic and presumably early Cenozoic.
A large part of Central and Eastern Montana is covered by a mantle
of loosely wonsolidated or unconsolidated drift, which ‘north of the
Missouri river consists chiefly of glacial detritps. Elsewhere the drift
consists of gravels, sands, and muds deposited in the streams and lakes
- which have drained the mountams to. the west, from the time of the
mountainons uplift in .the early Cenozoie. Of these mantle. rocks,
however, -only the .Recent allovium deposits in the valleys of the larger
rivers have been mapped.

The oldest rocks shown on the accompa,nymg map, the Madlson
limestone, and rocks. of the Quadrant .formation, are of late Paleozoic,
Mississippian and Pennsylvaman, ages. They are exposed only around
the flanks of the mountain uplifts of Central Montana. Overlying
them, and’ strueturally - speaking, virtually conformable with them,
although angulat. uneonformities. do oeccur, are the rocks of Mesezoic
and early Cenozoie(?) (Fort Union) .ages, several thousand feet in
thickness, In spité of their great thickness and the great length of
time during-which they were deposited, no significant angular uncon-
formities, indieating widespread deformation and -prolomged erosion
gceur. There are, however, eertain horizontal uneconformities or dis-
conformities, indieating time intervals' during which there was httle
or no deposition, but doubtless some local erosion.

However, resting upon the older rocks, with marked angular un-
conformity, and exposed only 'in the southeastern- part of the state, are
sedimentary rocks of sarly Cenozoic (Qligocene) age, known as the
White River heds. Thus it appears as if the only marked period -of
deformation and igneous intrusion that has affected the Mesozoie and
Fort ‘Union rocks of Montana, oceurred .after the deposition of the
Fort Union and previous to- the deposition of the White River beds.
The exact. age of the Fort Union is doubtful. It has been generally
considered to be of earliest Cenozoie, Eocene, sge, and has been so
congidered in this report and on the accompanying map. But as dis-
cussed later it is perhaps better considered to be of latest Mesozoie,
that is, latest Cretaceous age, in which case the. period of deformation
must have oceurred during the Epi-Mesozoic (Mesozoic-Cenozoie) inter- .
val or during the Eocene epoch,

- During the deformation .the roeks of Centml Montana were flexed
into open folds with a general northwest trend the aetual bearing of
the axes of the major folds varying from N. 15° W. fo nearly due
East and West, Although the limbis of some of the major folds were
steeply tilted to angles of 25 to 50 degrees from the horizontal, in
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most of the folds east of the main front range the limbs were not
more steeply tilted than 5 to 10 degrees.

In Eastern Montana the rocks were only slightly tilted toward the
northeast, or were' gently uplifted to- form large, isolated antielines.
With one exeeption, a relatively narrow anticline in the extreme east-
ern part. of the state, the anticlines are dome shaped uplifts"10 to 50
miles across, from which the component rocks dip away in all diree-
tions. The erest of the dome in the southeastern ecorner of the state
occurs in Wyoming, so that in Montana the rocks dip only to - the
northeast, nerth, and noithwest.

The major axis of folding in Central Montana extends along the
crest of the Bighorm Mountaing uplift, -through a region characterized
by several small folds, to the Little Belt Mountains uplift; and thence
north along the crest of a broad, northward plunging, uplift, called the
Sweetgrass arch, to the Canadion border. The general trend of the
axig i8 N. 33° W. but in detail it varies from N, 15° to 75° W.

The Bighorn Mountains uplift in Montana consists' of a north-
westerly plunging anticline 30 miles across, striking - N. 50° W. Al
though in places the limbs of the anticline dip at angles of more than
45°, in most places they dip at angles of less than 20°. Furthermore,
the Tocks flatten out rapidly away from the uplift and the limbs
of the major fold, exeept as described below, are fairly regular and
free from faults, although there are several places where the limbs
flatten out te form noses or terraces, and along. the flanks there are
a few closed anticlines and domes.

Along - Yellowstone River, in the vicinity of Billings, 25 miles
north of the Pryor Mountaings; the younger rocks have bheen affected by
the Bighorn Mountains uplift and have been deformed into a number
of minor folds broken by numerous faults.(2) The most remarkable
feature of the structure is a long narrow belt of faulting 82 miles long,
but not more than 6 miles wide, extending from Towmnship ¢ North,
Range 17 East, to Township 1 North, Range 31 East. The belt trends
N. 80° W. but the faults almost universally strike to the mnortheast,
N. 50° F. being the’ average. strike, Hancock(3) suggests torsional
movements as a probable cause of the localized faulting along the
narrow belt, the torsiénal stresses resulting from the Big Horn uplift to
the south and the group. of small uplifts and Little Belt Mountain
uplift to the northwest.

North of the belt of faulting and southeast of the Little Belt
Mountains upllft there are, as has already been mentioned, several
relatively small folds whose axes, like the faults just described, have
a general easterly or northeasterly trend. Of these the major folds are
the Bigw Cou]ee-Hailstdne .dome, the Shawmut anticline, and the Elk

{2) For detailed desenptmn nf the structure see Hancock, E, T., Geology and
0il and Gas Prospects of the Huntley Field, Montana; U. 9 @eol Survey Bull.
711-G, pages 139-140, 1920; and Gséology and O1l and ‘Gas Prospects of the Lakde
‘Bn?lan) Fleéd Monmnn U. 8. Geol, Survey Bull. 691.D, pages 131- 141 1918

em, -
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uplift. The three major structures may themselves be divided into
minor anticlines, domes, .and terraeces, forming on the east and north-
east flanks ofrthe Big .Coulee-Hailstone dome, the Broadview dome apd
Belmont terrace, and on the -southwest flank the Gibson dome; at
the west end of the Shawmut anticline the ‘West, Middle and East
Domes; and in the Elk uplift, the Big Blk, Little Eik, Haymaker, and
Daisgy Dean’ domes. R

The: Little Belt Mountams uplift is & large anticline, 85 mﬂes
long, and 50 miles across, striking N. 75° W. . It pplunges in” all diree-
tions except toward the west and southwest, in whieh directions it
merges into the satill larger .amnticline that forms the Big Belt -Moun-
tains, one of the front ranges of the Rocky Mountains, The limbs
of the Little Belt Mountaing antieline are flexed ‘into several minor
folds and are ‘broken by faults. Most of the minor folds plunge away
from the major uplift to -form a series of radial crests. Some of
them, however, are completely enclosed to form domes such as the
Skull Butte and Stockett domes,

" The Sweetgrass arch, north of the Little Belt Mountams uplift,
is a broad, flat topped anticline, 130 miles long, and 80 miles wide.
Tt strikes N. 15° W. and plunges to the northwest. The limbsg of the
folds dip at very low angles and are flexed into but few minor anti-
clines or terraces. Therd may be local antielines and domes within the
areh, but this can be determined only by. detailed field work:

Between the major axis of anticlinal folding just deseribed and
‘the axis of mueh greater deformation along the main front range of
the Rocky Mountain system, is a synclinal area 15 to 75 miles wide.
It is, however, interrupted in its central portion by an anticline, which
extends east from the Big Belt Mountains anticlire through the Little
Belt Mountains -and Big Snowy Mountains antielines into eastern Mon-
‘tana. Within-the synclinal area are numerous, relatively small anti-
clines and domes. Those south of the Little Belt Mountains anticline
are Poitter Bagin dome, McLeod dome, Dean anticline, Dry Creek dome,
and, with only their northern parts within Montana, Elk Basin and
Frannie domes. North.of the Little Belt Mountains the syneclinal area.
may be divided, as described by B8tebinger(4), into two structural
aread, an.eastern area in which the beds are nearly horizontal or very
gently folded, awd.a western area in which the heds.have been greatly
folded and broken by fanlting. In the -eastern area the rocks. dip
gently westward at an average angle of 20° to 80°, but there are
several terraces .and anticlines, of which the larger and better en-
closed are the Willow Creek anticline, Dupuyer anticline, Scoffin
Butte anticline, the anticlines.on Bireh Creek, the Blacktail Creek anti-
cline, the Cut Bank Creek antieline and one 3 miles to the southwest,

{4) Stebméer Fugene, Geology and coal resources of northern Teton Conut
Montana; U, Gool, Burv% - Eylh, GEIK pp. 128-129, 1916; Anticlines in the
_Blackfeet Indian Reservation, Montana; U. S, Geol. Survey Bull. 641-J., pp- 292-294,
1917; and. Qil and gas geology of the. Birch. Creek-Sun River Area, "Northwestern
Montana U. 8. Geol. Survey Bull. 691-E,, pp. 168-182, 1919.
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and an anticline on the North Fork of Milk River. In the western
area the folde are all long and narrow and many are brokeir by strike
faults, but there are several enclosed anticlines which are -structurally
favorable to the accumulation of oil und gas. These are noted and
‘named on the accompanying geolegic and struetural maps.

The huge oast-west antieline, which, as deseribed above, interrupts
the synclinal area east of the main front range, has a general N, 81° W,
trend, although the western portion strikes more nearly east and west
than the eastern portion. The, anticline is characterized by several
minor anticlines and domes, and hence is properly called an anti-
elinorium. East of the Little Belt Mountains anticline, which has
already been described, there is a well defined anticline along the
north and along the scuth edge of the anticlinorinm, the two anticlines.
being separated by a broad, nearly flat, synclinal area. 'The-outer
limbs of the two anticlines dip steeply away from the major axis at
angles rainging from 5° to 85°, averaging .in the western portion 40°
to 50° and in the eastern portion 5°-to. 10°, whereas the inner limbs
dip gently toward ‘the central gynelinal area at- angles avera,gmg less
than 5°.

Just east of the Little Be]t Mountains the two anticlines consist
of the Big Snowy Mountains uplift on the south and a number -of
much smaller uplifts forming the Judith snd Moceasin mountains on
the north. The latter are to a great extent. laceolithic - uplifts(5)
and ‘it is probable that the former is of the same nature, although,
ag yet, no extensive core of igneous rocks has beeh exposed by erosion
in the Big Snowy Mountains. The asymetrical ‘character of the south-
ern anticline is well developed in the Big Snowy Mountains up]Lft but
not in the Judith and Moccasin Mountains - uplifts. = Furthermore, -the
central synelinal area between the two major uplifts is distinguished
by several smaller domes which also. appear to he laceolithie in .
origin(6). ' '

Farther east the two anticlines are known as the Cat Creek
"anticline on the north and 'the Devil’s Basin anticline on the south.
The two anticlines piteh in gemeral to the southeast away from’ the
Judith and Big Snowy Mountains uplifts, but are charaecterized by
geveral domes, forming eompletely enclosed structures. - Along the  Cat
Creek anticline there aré from west to cast the Black Butte, Kootenai,
Brush Creck, Oiltana, West Mosby, and East Mosby domes. Along
the Devil’s Basin anticline there are from west to east the Devil’s
Basin, Big Wall, Howard Coulee and Ragged Foint domes.

Between the Cat Creek and Devil’s Basin ganticlines the synclinal
-area is warped into broad open folds, the largest of which consists of
the Button Butte terrace and the Flat Willow anticline,

(5). Weed, W, H., and Pirsson, L. V., G-eolog% and mineral resgurees of the Ju-
. dith Monntains of Montana; U. S. Geol.- S\Lmy ichtaenth Ann, Rept. Part 3, pp.
. 487.616, 1898,
(8) Cnlvert, W. R, Geology of the Lewistown coal ﬁeld.. Montana; U. 8. Geol.
Survey Bull, 3%0, pp. 18- 51, 1909.
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- East of Musselshell River the two anticlines are less well
developed and both culminate and terminate in a single huge dome,
40 by 30 miles, called the Porcupine dome. The anticlines  do continue,
however, and the northern is represented by the MeGinnis Creek:
dome in township 13 North, Range 34 East, and a terrace on the north
flank of the Porcupine dome in townghips 13 and 14 North, Ranges
37 and 38 East; and the southern is represented by the Sumatra anti-
cline, Ingomar dome, and a terrace on the south flank of the Poreu-
pine dome in Townships 6 and 7 North, Ranges 37 and 38 East.
The only rocks younger than the definitely known Cretaceous (Colo-
rado and Montana) in the entire anticlinorium form a synclinal area
of Lance sandstones between the Sumatra anticline and the MeGinmis.
Creek dome, )

Between the Devil’s Basin antieline and the Big Coulee-Hailstone
dome and ‘Shawmut antieline are two anticlines. The northeastern,
which’ plunges. to the southeast, is divided into two parts called the
Devil’s Pocket and Pole Creek anticlines, and the southerm, whieh is

" . completely enclosed with relatively steep dips on the northeast and

southwest, is called the Woman'’s Pocket.antieline, -

North of the low east-west anticlinorium is -another less well
developed anticlinorium striking N, 60° W, Along its axis are three
groups of dome shaped uplifts, presumably laceolithie in character.
These form, from northwest to southeast, the Sweetgrass Hills and
Bearpaw and Little Rocky mountains. All of them have a central
core of igneous roeks, although those in the Bearpaw Mountains are
largely of voleanic origin.

Between the Moceasin and Judith mountaing on the south and the
Bearpaw Mountains on the north and also to the north of the Bear-
paw . Mountains are several small anticlinal or monoclinal strictures
most of them faulted.(7) The better kiown of these are the strue-
tures in the vicinity of Winifred, south of the Bearpaw mountainsg,
and the Havre, Brown’s Coulee, Red Roeck Coulee, Lodge Creek,
Battle Creek, Ceal Creek,-and Signal Butte anticlines north of the
Bearpaw Mountains.

With one exception the Cedar Creek anticline, the major uplifts
of Eastern Montana are dome shaped. - In the mnorthern part of the
state is the Bowdoin dome(8) over 60 miles in diameter but with very
low dips, usually less than 1°. On the southeast flank of the Bowdoin
dome, completely enclosed but virtually a terrace, is the Poplar dome,
20 miles in diameter. Between the two domes are at least two an-
clines. The one best developed extends through Wolf Point with a
general N, 20° W, trend, with limbs which have a maximum dip of
4°, To the north of the Poplar dome are three low anticlinal areas

(7) Stebinger, Eugene, 0il and gas in north-central Montana U. 8. Geol. Sur-
vey- Bull, 641-C, pp, 65-88, 1917.

(8} Co]her A J., The Bowdoin dome Montana;. U. 8. Geol. Survey Bull
661-E, pp. 205- 207, 1917 ; -
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-forming the -Ceal -Creek dome, Seobey antmhne, and Blg Muddy Creek
:dome. R -

- Tn-the eerntral part {of Eastern Montana is the Porcupme dome al-
reddy cdeseribed -and *the “long relatively narrow anticline, known
either as ‘the Cedar.Creek or -Gleadive-Baker anticline, which -extends
from north of the Yellowstone River, west of Glendive, 8. 30° E. .into
‘North Dakota. The west limb of the .anticline is mueh stegper :than
the east limb, having an average.dip of about 20° whereas, the aver-
‘age- dip of the east limb is“less than 5°. -Wesat of Baker :the west
limb is -complicated by .minor fold's, the axes of wlnch are parallel to
‘the major fold.

In the southeastern .corner .of the .state «are two dome - shaped
uplifts with a broad terrace to the west. The uplifts represent the
northern extension of the major Blask ‘Hills uplift :into: Maontana.
Betwoen the two uplifts is a shallow synclinal area which .is eompli-
eated by beth minor parallel and: eross folds. The southern and larger
of the two uplifts is also complicated by both .paralie] and ecress
‘minor ‘folding to formin :places  enclosed -anticlines such as the Saven
Mile and Five Mile domes.. :



PART II

CRETACEOUS AND TERTIARY .CON-
TINENTAL FORMATIONS

BY
C. H. CLAPP

The rocks -which overlie the definitely known Cretaceous rock -of
the Montena group have ‘been mapped as belonging either-to the Liance
or to the Fort Union formations. In general they have been formed
under very different eonditions from the underlying rotks whith are
largely marine and are continuous.and fairly uniform over large areas.
The roeks of the 'Lianee and Fort Union -formation are -almost
‘entirely of fresh water or continental origin, and -vary greatly in detail
within relatively limite@ areas; although their general characteristics are
persistent :through -the greater part of Central and Eastern Montana.
The age of these two formations has been the subject of -a great deal of
controvéersy, which latdly has ‘broken out with remewed vigor. It is
out of ‘plaee -to diseuss the subject in detail in a réport of this kind,
especially as the authors have net given the matter detailed study.

The United -States .Geological Survey after a congideration of all
available .evidence, (9) .mest ‘of “which has been secured by its own
investigators, considers -the Liance formation to be -of -doubtful lower-
most Tertiary age and the Fort Union to be definitely of Tertié.ry,
Eocene age. Some of .the Survey geologists, (10)for several reasons,
such as the reeently diseovered oecurrence of a marine member, the
Cannonball, in the upper part of the Lance in southwestern North
>Dakota, which .carries a fauna much more eclosely connected with
the Cretaceous than with the ‘Eocene, believe that the Lance is
Cretaceous. Schuchert(ll) has gone further and eonllders both the
LBance and Fort Union as Cretaceons, basing his concluslon largely
on the essential continuity of the Fox Hiils, Lance, and Fort Union.

- With this premise the present author is in complete agreement Even
Knowlton(12) ome of the strongest advocates of the theory that the

(9) Cross, Whitman, Science, April 1, 1921, page 305.

(10) The latest paper is by Stant.on T. WA, The Fauna of the Clannon-hall
marine member o fthe, Lance formation. U, 8. Geol. Survey Prof. paper 128-A, 1950,

(11}  Schuchert, - -Charles, - Are ‘the Lanee and Fort Union. formations of Meso ’
zou: Time ¢ Sclence pp. 45-47, Jan. 14, 1921,

(12)" Knowlton, ¥ H., Sclence Apnl 1, 1921, page 807.
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Lance and Fort Union formations are of Tertiary age, states that, ‘‘If
the Cannonball marine member of the Lanece formation is Cretaceous,
-then both Lance and Fort Union are Cretaceous, for there is no stop-
ping short of the top of the Fort Union.’’ If diastrophism is to be
the basis of periods or systems, certainly Schuchert’s coneclusion is
gound, for, from the extensive reeonpaissance earried on in Montana,
there i no question that there is nmo essential break, sudden change,
or marked deformation following the close of the deposition of the
Bearpaw shale until after the deposition of the Fort Union formation.

The late Cretageous saudstanes of Fox Hills age, variously mapped
in Montana as Lennep, Golga.te and Horsethief sandstones so closely
resemble the overlying true Lanceé, it was impossible by rapid reon-
naissance to distinguish between them on lithologic or struetural
grounds. There is no important or widespread erosion interval, and in
.many places there is no essential lithologie differenee between the
sandstones which, at the top of the Bearpaw,.are found interbedded
with it in a transitional zone 30 to 60 feet thick, and ,the normal
sandstones of the unquestioned Lance. Therefore, for the purpose of
the reconnaissance mapping all the sandstones and elays largely. of
fresh water origin directly overlying the Bearpaw Shale were mapped
a8 Lance, and have heen considered as of Cretaceous age. The lower
" limit of the Lance has heen placed at the base of the first thick and
. persistent sandstone overlying the Bearpaw shale.-

The upper limit of the Lance hag been determmed partly by the
difference in color hetween the Lanee and overlying Fort Union; the
Lance in general being dull and, somber, whereas, the Fort Union
_shows bright, contrasting colors. . The limit has been determined large-
ly, however, by the occurrence, either of the Leho .shale, the basal .
member .of the Fort Unjon, or of the lowest. persiatent coal or lignite
seam. In this report, following the practice of the United States Geo-
Jogical Survey, the Fort Union has been cons1dered a8 of\ ‘Tertiary,
Eocene, age.

Fort Union formation.—The Fort Union formation wag named in-
1862 by Meek and Hayden(1l3) from a former military post on the
Missouri River in North Dakota, aboit -3 miles from the Montana
bhoundary, where the formation is typically exposed. For several years
the roeks of the Fort Union and l.ance formations were referred to
the Laramie, but since 1907, when detailed work in the lignite and
coal areas of Montana and North Dakota was begun by the United
Btates Geological Survey, the rocks have been defmltely subdivided
into the Lance and Fort Union formations.

The Fort Union direetly underlies the greater part of Easternb

(18) Meek, F. B, and Hayden, F. W De!criptlon of new lower Silurian (Prim-
ordial), Jurassic, Cretaceons, and eritary foeeils eollected in Nebraska by the
explonng expedition nder the commard of Capt. W. F. Reynolds, U, 8. Topog.
Eng., with some Temarks on the ro¢ks from whwh they were obtained: Acad. Nat.
Sci. Phila. Proc., vol, 18, p, 433, 1862, : .
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Montena and s continuously exposed over an. area of nearly 25,000
square miles. It has been largely ercded along the principal rivers,
and from the major uplifts, Bowdoin. and Poplar domes, Cedar .Creek
anticline, and the northern extensien. of the Black Hills uplift in the
goutheastern part' of the state. -The only large area of Fort. Union
rocks in Central Montana, an area of over 1000 square miles in

‘extent, is that of the Bull Meuntain coal field, an elliptical synelinal

basin, 50 by 30 miles. Smaller areas are also found underlying Pine
Ridge, southeast of the Bull Mountain area; in the Red Lodge coal
field and-in Crazy Mountains. The former area has been mapped as
Lance by Rogers(14), but before the Lance and Fort. Union beds were
separated as definitely as the¢y are today., Another small area of
Fort Union rocks, less than 2 square miles in extent, has been mapped
by Bowen(l5), six miles east of Big Sandy in Chouteau county. Its
presence in this loeality;, far removed from all other known areas of
Fort Union rocks, i8 due to faulting; which has brought the beds down
to the level. of older-.rocks. It is, of course, possible that the ecoal
bearing rocks of .the $i. Mary River formation and the overlying
Willow Creek formation mapped by Stebinger(16) are in part the
equivalent of the Fort Union, but the authors have preferred to map
them as of Lance age. : -

The rocks of the Fort Union :formation consist of coarse to. fine
grained, loosely to firmly cemented arkosic (feldspathie and mica-
ceous) sandstones and  sandy clays, and eclay-shales in about equal
amounts. Numerous lignite beds, which grade into sub-bitumineus coal
seams in Central Montana, oceur throughout the formation. Aa a rule
the gsandstones ave massive, fairly thick bedded, and of a light yellow
color, and the -elays are either. dark or greenish gray, brownish, or
nearly white, and where clinkered by the burning of underlying lignites
are bright red. In general, therefore, the prevailing appearance of
the Fert Union.is in marked contrast to the more uniform, dull and
somber appearing rocks of the Lance. In places, however, the litho-
logic distinction .is not clear, the prevailing color of the Fort Union
rocks being ash gray(17).

Concretions of spherical to cylindrical, log-like shapes are commeon,
especially in the lower part of the formation. The concretions consist
of ‘more firmly cemented sandstone in. the loosely cemented sandstones,
and of calcareous .and sideritic (iron earhonate) replacements in the
shales,. In a few places(18) in the sandstonmes are lenses of conglom-

(14) Rogers, G. Sherbune, Geology and coal resources of area southwest of Cus-

ter, Montana: Bull. 541-H, pp. 80-31, 1914,

(16) Bowen, ¢. F., Big Sandy cosl field, Montana: U. 8. Geol Survey, Bull.
641-H, pp. T74-75, 1914. :
(16) Stebmger Eugene, Geology and Coal Rasources of mnorthern Teton County,
Montana: U. 8.. Geol., Survey, Bull. 621-K, pp. 124-128, 19186,

(17) Stebinger, Eugene, Sidney hgmte field, Montana: U. 8. Geol. Survey, Ball
471, p. 285, 1912, .

(18) Woolsey, L. H., and others, Bull Mountain coal field, Montana U. 8. Geel,
Survey, Buli, 64'1 pp 27, 1817, and Rogers, &. 8., Little Sheep Mountain Coal
field, Montana: U. 8, Geol, Survey, Byll, 531°F., p. 11, 1813, .
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erate, consisting of shale and sandstone pebbles in a sandstone matrix.
Many of the sandstones are locally laminated and cross stratified as
5 result apparently of depositions both from water and from wind,
In the shales, many of which ate calearegus, there are in places, many
flakes and small erystals of gypsum, so that the weathered surface
regembiles in places the outerop of ‘the Bearpaw shales. In the .Bull
Mountain area there are also thin layérs, 1 to 3 feet thick, of buff
limestone(19).

The Fort Union formation iz in most places readily subdivided into
& lower part conasisting largely of clay-shale, sandy shale, and soft
sandstone, which has been called the Leho shale member(20) and -an
upper part consisting chiefly of sandstones more massive and resistant
than any of those found in the Lebo shale member. Over a large
area in Central and the western portion of Eastern Montana, the Lebo
shale contains a considerable amcunt of tuffaceous andesitiec material,
-and it is on thé basis .of this and of -stratigraphie position also(21)
that correlation is made with the ‘‘Lébo shale andesitiec member of
the Fort Union,’” at the type loecality northeast of Crazy Mountains.

In the extreme eastern part of the gstate therve is little distinetion
in the lithology of the lower and upper parts of .the Fort Union. Coal
and lignite seams are found in both the Lebo shale and overlying sand-
stones, but few of ‘the seams in the Lebo shale proper are of the hest
quality and in*many places are merely carbonaceouns shales(22).

The Fort Union rocks, at least south of the area covered by glaeial
drift, are well exposed, Whera flat lying or nearly so, the sandstones
form buttes, mesas, and -terraces, terminated by .searps, 50 to 100
feet .high. In places the sandstones weather into smooth rounded
faces, but more commenly into fantastic forms and pinnaeles with
‘honey-combed surfaces. The shales weather into gentler and smoother
slopes and rounded buttes, and in favorable places into badland -topog-
raphy. Where more steeply dipping, the sandstones form ridges or
cuestas, between valleys cut in the less rasistant ghale. .

Although local unconformities oceur in most places; the Lance
formation and the Lebo shale appear to be generally eonformable and
to represent virtually continuous ~deposition. - The same is true of
the contaet of the Lebo shale with the overlying and much thicker
part of the Fort Union formation, and therefore, although erosion has
removed -hundreds of -feet from the top of the Fort Union, no signifi-
“eant amount of erosion ‘has oeccurred during its aceumulation. The
Lebo shale is estimated to be from 200 to 300 feet thick, but as men-
tioned, thins out fo nothing in the eastern part of the state. The

(19) qu]sey L. H, and others, Bu]] Mountain coal ﬂe]d Montana; 'l'J' 8.
Geol. Survey, Bull. 647, p.-28, 1917,

(20) Stone, R. W, ‘and Oa]verh W. R., Stratigrabhic relations ef the Livingston
‘formation of Montana: Econ. Gealogy, val. 5, p. 746, 1910,

(21) Rogers, G. 8, Little Sheep Mountain’ coal fleld Montana: U, 8. Geol. Sur-
vey, Bull, 531-F,, p 15, 1918,

22) Hnncook T Goeelo and ‘oil and gas prospects .of the Huntley field,
Montana: U. 8. Geol. Survey, Bull, 711-G, pp. 126-127, '1920.
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Fort Union is variously estimated throughout ¥astern Montana from
.1000 to 1400 feet thick, but to the west it thickens. In the Bull
Mountain area, where presumably the ameunt of erosion is greater
than in Eastern Montana, the upper part of the formation alone is
1650 feet thick, and aithough the Lanee and Fort Union formations
do not appear to have been definitely separated in the Red Lodge and
Crazy Mountains areas, yet the undoubted Fort Union rocks are at least
2800 feet in the former(23) and over 3000 feet in the latter area(24).
Detailed sections of the Fort Union are given in most of the
United States Geological Survey publieations dealing with Bastern
Montana. One of the most instructive is the gemeralized section given
by Calvert(25) of the Sidney lignite field. ) .
The Fort Union contains a very large flora, approximately 500
species(26), generally acknowledged to be Eocene. It has & far less
abundant fauna, consisting of fresh water shells, some vertebrates, dnd
even small mammals, that is less generally believed to. be Eocene.
The plants and shells as well as the numercus coal seams indicate,
however, that the Fort Union was deposited in fresh or nearly fresh
water, presumably in -inland  streams- and lakes, and- possibly in
estuaries, ' - ‘

Lance foriiation.—The name Lance formution, first used by Stan-
ton(27) is an abbreviated form of the term ‘‘Lance Creek beds” used
by Hatcher(28) -to designate what had been previously ecalled; the
‘‘Ceratops beds’’ of the Laramie. Since Stanton’s use of the term .in
1910, all of the rocks underlying the Fort Union and overlying the
Bearpaw shales or the Fox Hills sandstcne have been called Lanee, and
none of the rocks of Central and Esstern Montana have any. longer
been referred to the Laramie. ' L non

The Lanee formation outcrops so as to form a brogd belt, 3.to 60
miles wide; averaging 25 miles wide, between the predomindting Fort
Union rocks of Eastern Montana and the predominating Mesozoie
rocks of Central Montana. It is further expesed in Eastern Montang
along the larger rivers and-on the flunks of the larger u'plifts, the
Cedar Creek anticline and the northern extension of the Hlaek Hills
uplift, and at the crests of the smaler uplifts, like the Coal Creek
dome, Scobey anticline, and Big Muddy Creek dome. In Central Mon-
tana, south of the Little Belt-Big Snowy anticlinorium, the formation

(28) Woodruff, E. G., Red Lodge coal fieid, Montana: U. 8. Geol. Survey,

Bull, 841, p. 984, 1009,

(24) Stone, R. W., Coal near the Crazy Mountains, Montana: U. 8. Geol. Sur-
vey, Bull. 341, p. 82, 1909. .

(25) Calvert, W. R., Geology of certain lignite fields in eastern Montana: U. 8.
Gecl, Survey, Bull. 471, p. 189, 1912,

(26) Knowlton, F. ., Science, April 1, 1921, p. 307. : .

(27) Stanton, T. W, Fox Hills sandstone and Lance formation in South Dakota,
North Dakota, and eastern Wyoming: Am, Jour, Sci., 4th ser., vol. 30, p. 172, 1910,

(28) Hatcher, J.8B., Relative age of the Lance Creek beds of Converse County.
Wyo., the Judith River beds of Montena, and the Belly River beds of Cinada: Ann,
Geologist, vol, 31, p, 369, 1903,
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PLATE IV.—LANCE FORMATION.

A typical exposure of the Lance formation showing the white basal member, Colgate
sandstone, and the overlying so§be1§’coloreg shales and sands. Sec. 8.
T. 19 N., R. 29 E.
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is exposed ‘sround’ the flanks' of the’ Bull Moduntain ‘Syneline, and
underlies the greater part ‘of the - synclinal area between the major
anticlinal’ axis and ‘the ‘main “front range of the Rocky Mountains.
There are also a few small outliers betweéen the tiwo synclinal ‘areas.
North of the anticlinérium’ the Lande forins ‘two synclinal aréas, one
south of ‘the Little Roeky Mointains uplift and the other to the
north, extending ‘into Canada. 'Between the Sweetgrass areh and tHe
main front range,’the rocks of the St. Mary River and Willow Creek
for'ma.tioi]l, referred by Stébinger(29) to “the Tertiary(?) Bocene{?),
and also the Horasthief formation of Cretaceous age, have been mapped
by the authors as the equivalent of the Lanee.

The Lance formation “is composed of “alternating’ beds of dull
grayish to greenish yellow, soft to-hard sandstones, greenish to gray
sandy shale, drab, yellew, gray, and in a few plates browna clays, .
and clay-thale. - In most places the sandy rocks prédominate and the
prevailing dull neutral .eolors have  given rise to the name ‘‘somber
beds.’’ West of the Sweetgrass® arch the 8t. Mary River formation is
chiefly maroon to chocolate brown in ‘color, so that the formation' has
a. predominating browmsh red appearanee, due part]y to the covermg
of red seil.

The sandstones are notmeably harder, coarser gramed even arkosm
and conglomeratic in places, and more massive in the  lower part
of the formation. In the upper part there are numerons carbonacdous
layers and a few relatively thin and non- persistent seams of impure
lignite and high-ash eoal. At least in the northeastern and north-
western - parts of the Lance area in Montana there are a few rela-
tively thin lentils of impure 11mestone(30) The sandstones, particu-
- larly the lower and more massive ones, are eross bedded and ripple
marked, and contain numerous dark brown, irom stained econcretions,
some spherieal and rounded, others eylindrical and log- ll.ke up to large
sizes, 3 feet in diameter and 20 to 30 feet long.

4

Although the Lance formation in most places 1is readﬂy divided
into three -subdivisions, a lower part _congisting chiefly of massive
sandstone, & middle part of a,lternatmg clays and soft sandstones,
and an upper carbonaceous or lignitiec part, yet it was not feasible to
make the subdivision during rapid reconnaissance mapping. The lower
massive sandstones contain in several places an undoubted Cretaceous
marine. fauna and are best considered as of Fox Hills age, Fox Hills
beds have been definitely determined bordering the Cedar Creek anti-
niele just east of the Montana line in North and South Dakota(31),
but the same beds have been included in the Colgate sandstone mem-

(29) Stebinger, Eugene Geology and wnl T2sourcos of northem Teton County,
Montana: T, eol Burvey Bull, -621.K, p. 124, 1918,
(30) Smith, O. D., The Fort Peck Indian Reservation: llgmte f1eld Montana:
U, 8. Geol. Survey, Bull 381 A, p. 43, 1910, and Stebinger, Eugene, Op. Cit. p. 27:
(31’) Winuhester D. E., ‘et al., The ligmte held of northweetern Houth Da-
kota: 8. Geol. Sur‘vey, Rull, 627y pp.- 17418, 191
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ber of the Lance formation in' Montana(32). The sandstones and. shales
overlying the Bearpaw shales along the Missouri River north of Jordan,
have also been referred to the Fox Hillg sandstone by Leonard(33).

In the upper Musselshell Valley, an assemblance of andesitic sand-
stones and dark shale between the Bearpaw and Lanee formations
has been designated as the Lennep sandstone(34). The fossil shells
found in the formation are abeut equally fresh, brackish water, and
marine, and are more closely related te the Cretaceous than to the
Tertiary. It oceupies the stratigraphic portion. of -the Fox Hills and
has been included in. this repert with the. other basal members of the
Lance.

In the northeastern part of Central Montana, the: Horsethief sand-
stone overlies the Bearpaw shale and underlies the Tertiary(%) forma-
tions. It consists chiefly of a sandstone, which becomes shaly- toward
the base, and to the south near Augusta, contains some co’h_gloznerate
with well rounded pebbles of fine grained igneous rock. In places the
sandstone is exceedingly fossiliferous, some beds being almost entirely
composed of oyster and other shells. The fauna is Cretaceous and of
both hrackish water and true marine, although near-shore types(35).
This formation has also been included in this report with the other
basal members of the Lanece. )

The upper lignitic portion of the Lanee is doubtless best cor-
related with’ the Ludlow lignitic member of the Dakotas(38). How-
ever, in reconnaissance mapping, as already mentioned, the contact
between the Lance and Fort Unien, where mot marked by the Leba
shale was plaged at the contact of the beds of dull and bright colors,
or at the lowest pergistent coal seam, both of which vary considerably
in position. As a result, most of the beds in Montana of the same
horizen as the Ludlow lignitic member have been placed in the Fort
Union. . o

Like the Fort Union rocks, those of the Lance formation are well
expogsed south of the area covered by glacial drift. Furthermore,
where  flat lying, the sardstones form buttes, mesas, or series of
scarps, 50 to 100 feet high, whereas, the shales weatlier into smooth,
gentle slopes and rounded buttes, and in favorable places into bad
land topography.” Where more steeply dipping, the sandstoies form
cuestas d@nd hogbacks, separated by ndrrow valleys cut-in the &oft
shales,

* The basal sandstone of the Lat_lce formation is thickest rear
the mountains and thiris slightly to the 'eas‘ﬁ. In the '»northwes'trerii

(82) Calvert, W, R., Geology of certsin lignite fields in eastern Montana: U. 8
Geol. Survey, Bull. 471, pp. 189 and 194-195, 1912.

(33) -Leonard, A. Gr The Cretaceous and Tertiary forms,t]ons of wegtern. North.
Dakota and eastern Montana: Jour. Geol., vol. 19, p, 515, 1911

(34) Stone, R. W., and Calvert, W, R., Stratigra ic relamnns of the- me;zaton
formation of Montana: Eoon. Gool., voi, 5, p. 746, 190

¢35) - Siebinger, Eugend, The Montma group of northWestem Mantima' U. 8.
Geol, Survey Prof. Puper 90-G, :f

(36) = Winchester, D. E., et al 'I‘he llg'mt’e field of nort,iiwestm South Dfakuta.
U. 8. Geol, Survey, Bull, 627 pp. 19-22, 1916,
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part of Central Montana the Horsethief sandstone varies from 250 to
400 feet thick. In the upper Mnusselshell Valley, the Lennep sandstone
is 315 feet thick. Farther east the Colgate and Fox Hills sandstone
varies in thickness from 50 to 200 feet, In like manner the upper
part of the Lance thins eastward, but more noticeably. Along the
mountain front, the upper Lance varies from 1400 to 1700 feet thick.
It thins so rapidly to the east that it is 700 to 800 feet thick in east
Central Montana, 500 feet in southeastern Montana, and only 200 feot
thick in northeastern Montana, ‘

Detailed sections are given in nearly all of the United States Geo-
logical Survey publications dealing with the Lance formation, but vary
s0 from place to place that they are of little value in a general deserip-
tion. ’ ‘ ) )

The Lance formation like the Fort TUniop, contains a rich flora,
comprising about 125 forms, of which 87 species(37) have been posi-
tively identified. Invertebrate fossils are not numerous except in' the
basal mariné beds. On the other hand, numeroms fossil vertebrates,
the most striking of which si the large three-horned Triceratops, have
been found. It is quite certain:that in places a portion of the basal
beds seem to have been deposited in-fresh or brackish waters, C€roess
bedding and ripple marks indicate deposition by streams and in places,
even by wind. In Montana the upper beds appear to have been
entirely of eontirental or fresh water origin, having been deposited in
streams lakes and possibly estuaries. :

{(37) Knowlten, F. H., Science, p. 807, April 1, 1921.



MESOZOIC AND PALEOZOIC
SYSTEMS

BY

ARTHUR BEVAN

Binee it is the purpose of thig part of the report to present the
principal features of the Mesozoic stratigraphy of the Montana Great
Plains the observations of the writer and other members of the State
Bureau of Mines’ field parties have been rather freely supplemented
by the use of data from the published reports upon the region. Num-
reous publications have appeared, mainly from the United States Geo-
logical Burvey, which treat of particular districts, although a few
diseuss stratigraphic units, but so far the great body of data afforded
by the many field studies have not been conveniently assembled,
Although the Mesozoic formations are here. disenssed in some detail
the treatment is by no means exhaustive. The Paleozoic formations;
in se far as they appear in this province, are discussed ‘briefly with
reference to fhe featurea that have a bearing upon the -petrolenm
resources of the state. The articles which have been consulted are
listed in the bibliography, and foot-note refercnces to sources are
made wherever appropriate. : '

THE MESOZOIC

Formations of Mesozoic age appear at the surface or underlie
the surficial mantle of alluvium and glacial drift throughout approxi-.
mately half of the Great Plains provinee in Montana., They cover
all the area north of the Missouri River from the Rocky Mountains
to Fastern Montana, with the exception of limited areas of Lance
sediments adjacent to the mountain front, igneous rocks in the Bear-
paw Mountaing, the SBweetgrass Hills, and the Little Rocky Mountains,
and Paleozoic sediments in the last two uplifts. The area between
Migssouri River on the north, Rocky Mountains on the west, and Mus-
selshell and Little Bighorn rivers on the east is cceupied mainly by
' Mesozoic sediments. A broad tongue reaches goutheast from this area
in the vicinity of Mosby on Musselshell River into Yellowstone Valley
west of Forsyth, while a parallel embayment of Lance and Fort Union
rocks extend. northwest from this point through Buill Mountains and
across Musselshell Valley beyond Roundup. Amnother broad area of
Lance and Fort Union formations covers the Mesozoic along the
Rocky Mountain front from the Crazy Mountaing to the Wyoming
boundary, Elsewhere in this part of the state the surface continuity
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_ of the Memozoie is interrupted only by the isolated mountain uplifts,
seattered outliers of. younger sediments, or a relatlvely thin mantle
of u:uconsohdated matenals )

The Mesozoie group is now commonly separated mto four aub-
- divisions: The Tnasslc, Juragsie, Comanchean, and Cretaceous systems,
all of which are present .in the plains portion of the state(38). Im
this region it ineludes the formations that are between the. Quadrant
formatién below and.the. Lance formation ahove. The Triassic is
meagerly present, being restricted to the flanks of the Bighorn and
Pryor mountains, where it comsists of the. Chugwater formatien, or
‘‘Red Beds.”’ - The Elhs formation, whieh is the main representative
of. the Jurassic system, 18 exposed only.along-the. borders of the sev-
eral mountain uplifts in Central Montana. It is overlain and par-
alleled in outerop by the Morrison formation which appears to be
- transitional between the Jurassic and Comanchean systems. - The latter
is represented mainly by the Kootenal formation which has a surface
distribution similar to that of the Elis formation but has a wider
outerop due to its greater thickness and gentler dips. Overlying it is
the Colorado shale of Cretaceous age, with vast areal extent in the
Sweetgrass arch, and less extensive exposures in -several of the major
uplifts. The remaining formations of this system are -included in the
Montana group. and eongist of the Eagle sandstone at the base, the
Claggett formation; the Judith River formation, and the Bearpaw shale,
These formations, or their equivalents, oceupy a considerable part of
- Central Montana. In the northwestern portiom the upper part of the
Eagle sandstone and the other formatioms below the Bearpaw shale are
inelnded in the Two Medicine formation. The Livingston formation,
which i partly of undoubted Cretaceous and partly of Laneo age, bor-
ders the Crazy Mountains and extends southeasterly beyond the Yel-
Jlowstone Valley. '

The Mesozoic formations are very largely composed of clastic
sodiments, mainly sandstones and shales, of which  the latter are
greatly preponderant. A striking feature of the sequence is the alter-
ation of shale and sandstone formations, each of which has persistent
lithologic homeogeneity. As a rule pronounced intercalation of the
one kind of sediment in the other is rare except in a few places.
Thin limestones occur sparingly but are mainly confined to- the Ellis
formation . with local lenses and thin.beds in the Kootenail formation.
Coal is widespread and abundant in some of the formations, espe-
cially in the Kootenai, although workable beds are preseni in several
places in the Eagle, Judith River, and Two Medicine formations.
The Chugwater formation contains thick gypsum beds at geveral locali-
ties. Igmeous material is present in the. Mesozeic group only . in the
form of tuffaceous beds intermixed with variable amounts of sedi-
‘ment at sgveral horizons, chlef of which ig the lemgston formation.

(38) Comanchesn is here uaed Y] the eqmvnlent of the former “‘Lower Cre-
taceous’’ in aceordance with the prevalling current usage.
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Inasmuch as the different: formations 'va.ry in thickness  from
place to place throughdut the state as well aa being’ either partially
removed by erosion or deeply buried in any partieular area, it is
somewhat dlffmult to' ‘estimate the total ‘thickness - of the Mesozoic
sediments. However, it may be roughly placed betwaen' 2400 feet ss
a minimum and 8800 feet as a maximum. This includes all the Meso-
zoie’ formatlons of sedlmentary origin no matter how widely separated
the most complete or the thickest sections may be. The thickest more
or lese continuous seetions that have been measured are in north-
wegtern part of Central Montanay in the vicinity of Bighorn Moun-
tains; and in Musselshell Valley, where a total of 7000 5700, and
4700 feet respectively have been reported(39).

THE CRETACEOUS SYSTEM. .

Formations of Cretacecus age occupy by far the greater part of

the vast area over which Mesozoic sediments econstitute the asurface
formations. The only places where older rocks. crop out are in the-
mountain uplifts and over rather limited traeta adjoining a few of
them. : .
The subdivisions of the Cretaceous system - (as the term is here
uged) in the northern Black Hills and the adjacent Great Plains are
ag follows: Dakota sandstone at the base, Benton group, Niobrara
formation, and.Pierre shale(40). Farther north in South Dakota the
Pierre is overlain'by the Fox Hills sandstone which constitutes the
youngest formation: of positive Cretaceous age in this provinee. Some
of ‘the early surveys in mapping the Cretaceous formations of the
Roeky Mountains  and the bordering Great Plains of Montana used
the divisions, Dakota, Colorado, and Montana, although the term Ben.
ton was widely used for the shales above the so-calied Dakota sand-
stone.

Recent extensive detailed examination by the U. 8. Geo]ogica.l
Survey of many Cretaceous areas in the state has apparently demon-
rtsated beyond reasonable question that the Dakota sandstone is mo-
where present in this state. Thus it is erroneous and misleading to
call any beds in Montana the ‘‘Dakota sandstone’’(41). Inasmuch
as the Niobrara ean not be tecognized in Montana as a distinet unit
and the seetion between the Kootenai and the basal Montana includes
more than the typical Benton group the use of the latter term has
beeome inappropriate. It has therefore been supplanted by the Colo-

(39) Stebmger, Eugene, G—eology and eoal resources of morthern Teton County,
Montana: U. 8. Geol. Survey Bull. 621-K, p. 124, 1916; Hares, C. J., unpublished
" data, and Darton, N. H., Geology of Bi ghom Mountains : v. Genl Survey Prof.
fé‘%’f’ 51, Plate VI, 1906 and Reeves, Frank, Press Report T. 8. Geol, Survey,

(40) Darton, N H., and O’ Hara, C. C, T. 8. G-eol Bnrvey Geol. Atlas, Aladdin
fn]lo(No 128), 19

(41) The same cntmmm probabiy applies to the Cretaeeous clagsification of
scutiern Ajberta, where the term ‘‘Dakota’’ has porsisted from the early surveys.
Bee Stebinger, Eugene, U. 8. Geol. SBurvey, Ball. 641-C, pp. 61-62, 19186,
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rade for the lower part of the Cretaceous section. The Montana
group of this state appears to be the equivalent of the Pierre of
South Dakota and may include also the Fox Hills sandstone of that
region. Hence at the presemt time the two-fold division of the Cre-
taceous into the Colorado shale and the Montana group is accepted
for Montana. - The Montana group has been further subdivided
throughout the state, and these divisions are: discussed below.

THE MONTANA GROUP.—The Montana group includes all for-
mations of undcubted Cretaceous age ahove the Colorado shale;- The
term was first applied by Eldridge to the Fort Pierre and Fox Hills
" formations near Denver, Colorade(42), and later to the similar section
in the Bighorn Basin in northwestern Wyoming and southern Mon-
tana(43). Throughout the greater part of the region this group com-
sists of Eagle sandstone at the base, Claggett formation, Judith River
formation, and Bearpaw shale, each of which forms a distinét litho-
logic unit. The' Claggett and Bearpaw, however, are g0 nearly identi-
cal in many places that they ean be distinguished only by noting the
stratigraphic sequence. There is no diffieulty in doing this if the
prominent Lanee sandstones are taken as a datum plane, or if the
Colorado shale and Eagle sandstone are reecognized. The Eagle' and
Judith River sandstones are somewhat dissimilar but may be mis-
taken for eack other in areas of obscure outcrops. The best method,
then, of identifying the several formations of this group is to" note
the succession 'earefully. Where the strata are steeply dipping this
ecan be dome by a glance at the topography, as the Claggett and ’
Bearpaw will then oecupy conspicucus depressions between prominent
sandstone ridges. These sandstones are invaluable aids in deciphering
the strueture of many areas, for the shales of this group seldom ex-
hibit bedding clearly. :

With a change in the nature of the sediments in the northwestern
part of Central Meontana the divisions of the Montang group' become
Virgelle sandstone, Twe Medicine formation, and Bearpaw shale.  In
this section 'the Virgelle and the overlying Horsethief are the best
key horizons. These two sandstones are mearly identical in -composi-
. tion and appearance but they can be readily - distinguished by means
of their distribution and stratigraphie relations.

In some areas it is almost impossible to identify - w1th certainty
any partieular division of the Montana group owing to the meager
and widely scattered outerops of formations which change markedly
in lithology within short distances, The difficulty is greatly increased
by the existence of complex strueture, due to pronounced folding or
faulting, which has been generally .concealed . by widespread deposits
of glacial drift or terrace gravels. Such tracts exist at several plaees,

(42) . Eldridge, G. H,, Method of grouping the formatioms of the Middle Cre-.
tacéous: Am. Jour, Sci 4d ger., vol. 38, pp. 313-321, 1888,

(43) Eldridge, G H A geologica] reconnmssnnce in nouhwest Wyommg U. 8.
Geol. Survey, Buli. 113, pp. 29-24, 1894,
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ehiefly in the northwestern part of Central Montana.  For mapping
purposes the problem has been solved by designating sueh areas as
‘‘Montana undivided.’” There are a few other areas, as in the Big-
horn Basin, where the typical characteristics of the individual forma-
tions .change to sueh an extent that the Montana ‘group ean not be
subdivided without a detailed survey of the region,. The térm ‘‘Mon-
tana undivided’’ is likewise used here in mapping the -entire group
or such part of it as may be present.’ o '

The thickness of the Montana greup is so considerable that it
ean not be détermim_ad readily at a single locality or even in a small
area. Complete sections that have been measured along the north-
west side of Elk Basin and near Bridger, in Carbon County, where
the group appears to be the thinnest, give a thickness of 1185 and
1069 feet respectively(44). A more recent measurement of the for-
mationg in Flk Basin gives a thickness .of approximately 1815
" feet to the Montana, but it appears that the summit of the Bearpaw
has been taken at a higher horizon(45). A generahzed section shows
a thickness of 1750 feet in Lgke Basin, 2000 to 3050 feot in Mussel-
shell Valley, 2050 to 2375 feet in Phillips County and 3020 feet in
Glacier County.

Bearpaw shale—The name Bearpaw shalé was first applied to
the ‘thick body of shale that forms the upper part of the Montana
group on the flanks of the Bearpaw Mountains(46). As a result of
its stratigraphic position and the widespread eroslon of younger for-
mations it probably has a greater areal extent than any other Mesozoic
formation. Tt is continuously exposed over thousands of square miles
in the east- and south-central parts of the state and is present imme-
diately beneath the mantle of glacial drift over a vast area north of
the Missouri River, It is exposed along the valley of the lower Mus-
solshell River and from there southeastward to the Porenpine dome.
Another extensive ares exists in Lake Basin northwest of Billings
from which it crosses Yellowstone Valley east of Huntley and stretches
southward between the Bighorn and Little Bighorn rivers. In the
northwestern part of the region it occurs on the west flank of the
Sweetgrass arch, The broad expanse of Lance and Fort Union in the
castern part of the state is undoubtedly underlain by it, as is shown
by the belt of Bearpaw shale that surrounds the Porcupine ‘dome, the
helt of similar shale (Pierre) along the axis of the Cedar Creek anti-
eline, southeast of Glendive, and the extensive area in southeastern
Montana.

Throughout the greater part of the area which it oceup1es the
Bearpaw shale rests upon the Judith River formation,: but in the

('44) Fisher, C. A., Southern extension of the Kooténai and Montnna. cpal bear-
ing formations in northern Montanu Econ. Geol., vel. 3, pp. 94 96 1908.
©  (45) Section measured by C. -Hares and quoted by E. ,Hancock. U. S.
@eol, Survey, Bull. 691, p. 1, XVII ‘1918, -

(46) Stnnton, ., W., and Hatcher J. B, Scence, new ser, vol. 18, p. 212,
1803. See also, U. 8. Geol. Survey Bull, 257, p. 13, 1905,
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northwestern part of Central Montana it overlies the Two Medicine
formation(47). In the latter area it lies beneath the Horsethief sand-
stone; in the Musselshell Valley from Lavina westward it is imme-
diately below the Lennep sandstone, while elsewhere it underlies the
Lance formation.

The Bearpaw shale is typically a dark gray, clayey shale that
weathers into a distinetive alkaline, infertile gumbo soil. Small erys-
tals and erystalline flakes of gypsum are abundant throughout the
formation, being especially noticeable upon the weathered slopes, In
consequence of the abundance of gypsum, water from the formation is
commonly $00 alkalink for domestic unse. Coneretions of dark gray,
- fine-grained limestone are sparsely seattered through the shale in most
places but in places they are grouped in bands or zones. They weather
reddish-brown on the surface and after long exposure crumble to a
gcattered mass of small angular fragments which somewhat protect the
shale at that place from erosion. Many of these concretions contain
much sideritie caleite, and cone-in-cone strueture is rarely present. As
a rule they are one to two feet in diameter but some as large a8 12
to 15 feet have been reported southeast of Havre(48)

In some districts the Bearpaw beecomes distinetly sandy either in
zones or throughout most of the formation and thus, to a greater or
less extent, loses .its characteristic lithologie nature, One phase of this
change is well shown in the Lake Basin field(49). .Here several sand-
stone beds appear at various horizons and form conspicuous ledges and
. gentle dip-slopes that break the monotony of the subdued topography
that is generally developed on the shale, Sandy shales and sandstones
are e¢specially prominent as the adjacent formations, particularly the
Judith River, are approached, but ocenr in some localities well within
the main mass of typical Bearpaw shale. These sapdstones .are com-
monly yellowish though locally a layer is white. They are rather
eoarse- gramed with loeal thin eonglomerates, as a rule strongly cross-
bedded, and contain plentiful plant remains in a more or less frag-
mentary condition. Some of the sandstones in many places weather
into great numbers of conspicuous, hard, flattish, rusty conecretions.
A notgble peculiarity in certain portions of Lake Basin is the oceur-
~ rence of andesitic sandstones that cap long narrow ridges. Subordinate
amounts of tuffaceons material are present at various horizons. An-
other noteworthy feature here is carbomacecus shale ‘which passes
locally into beds of lignite about a foot thick. There is considerable
lateral variation in this field in the nature of the sediments, even in
short distances, sandstenes frequently giving way to typical clay shale
in the same ridge or a thick section of dominantly sandy beds in one

(47) The upper part of the Two Medicine formation is equivalent to the Judith
River Iomn

548) 8. (}eol Survey Bull. 257, p. 48, 1905, .
49) Hnncock E. T. Geclogy snd oil and gus prespects of the Lake Basie field,
Montana: U. G—eol Survey Bull, 891-D, 1918
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place may be replaced near by with a sequence .of interbedded thin
sandstones and thick shales. :

The sandy phase of the Bearpaw is exhibited west of the Lake
Basin district between Harlowton and:Big-Timber and in Yellowstone
Valley west of Columbus. In this region the sandstomes hecome so
preponderant that it' is only by eareful tracing of the formation from
its typieal development eagt of here that it can be separated from
the underlying Judith River or the overlying Lance. Farther west
and southwest the strata are entirely of sandstone and pass into the
so-called Livingston formation, from which the Bearpaw can be differ-
entiated, if at all, only by persistent detailed work.

A somewhat similar change takes plaee in the northwestern part
of Central Montana in the vicinity of Dupuyer Creek in gouthern
Pondera County The Bearpaw is typmally developed north of here
to far beyond the Canadian boundary while to the south the ‘‘dark
shale grades within & short distance into light-colored sandstones and
clay shale that are identical with the prevailing materials in the Two
Medicine formation and south of Dupuyer Creek can not be separated
from that formation’’(50).

Typma,l exposures of the Bearpaw are abundant throughout the
area where it appears at the surface but owing to the faet that it
weathers readily extensive sections are rare. This seeming defeet is
countérbalaneed by the “homogeneity of the formation from top to
bottom in ifs typical development, and thus almost any cit bank in
it gives a good idea of the whole formation, Several detailed sections
of the sandy phases are given by Hancoek in the Lake Basin field(51),
A complete section is shown on the sounth flank of an antieline along
the Harlowton-Blg Timber road in the southwestern part of T. 15 E.,
B. 6 N, Other complete sections which include the entire underlymg
Judith River and Claggett formations are readily accessible along . the
steeply dlppll’lg‘ gsouth limb of the Dev11’s Basin anticline, northeast
of Roundup.

Tn consequenee of the universal oceurrence of the typiecal Bear-
paw between two prominent sandstone formatmns the common topo-
graphic expression of the much weaker shale is a marked depression
bounded by conspieuvous dip slopes or escarpments. This is especially
true where the dip is steep, as south of Lavinga, in Musselshell (now
Golden Valley) County., Where the strata are horizontal or nearly
80’ the Bearpaw area is generally a monotonous expanss of low rounded
Tidges and hills beyond the base of a more or less prominent Lanee
esearpment. Resistant sandstones give rise 1n places to ridges and
long dip slopes within the formation but these are exceptional outside
of the Lake Basin distriet. '

‘

- {50} - Btebinger, Eugens, 0il and gas geologg of the Birch Creak- Sun River
ares, Northwestern Montana: U. 8. Geol. Survey Bull. 691-E, p. 166, 191

(51) Hancock, E. T., Geology and oil and gas prospects of the Lake Basm Field,
Montana U. 8. Geol, Survey Bull. 691-D, pp. 121 123, 1918, .
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The thickness of the Bearpaw has been measured at various places
throughout the state. It ig reported in the northwestern part of the
region to have a total thickmess of 500 feet whiech increases to 1000
feet in Valley County and reaches a maximum of 1150 feet.in eastern
Fergus County. Southward from here the formation gradually de-
creages to about 500 to 600 feet in Yellowstone Valley and to 130 feet
in the northern’ part of Elk Basin. )

The Bearpaw contains an. abundant fauna, abcut fxfty gpecies of
marine invertébrates having been idéntified’ from . various collections
in it. Most of the fossils oceur in:the calehracud concretions and be-
come very comspicudus ss these masses- ,crumble.. ‘ﬁpbn exposure to the
weather, Wherever these weathered eoncretmns ‘are’ present, a few
specimens can naarly always be found and on man: -»slopes several spe-
cies ean be collected in a few momemnts. Sueh ‘a'plaee is about six
miles north of Melstone in Sec. 36, T. 11'N., R,-30 ‘E. Other typieal
localities with representaﬁvé ligts of fossily collected therefrom are
given in several previous reports(52). ‘Ofu‘t)h’esﬁ :numerous forms,
among the ,mest characteristic ‘are Baculites compressus, Baculites
ovatus, ‘and Scaphites nodesus, but species of Inoceramus, Mactra,
Ostrea, and Placenticemas aTe - common. This invertebrate fauna is
very similar to that of ‘the underlying Claggett shale -but differs in
that the fossils are more abundant and the species mre-more diverse.
Of 32 forms, hstea by Bowen ‘from the Bearpaw only ten are present
also in the 01aggett. A fow fossila other than invertebrates have been
found in some parts of the state. Scattered remaing of skeletons of
gigantic marine . reptiles have been collected in the western part of
Valley Comnty(53).

E. T. Hznecoek reports an abundanee of I-Ialymemt.es, petrified
wood, and stems and leaves of plants from the sandstones and asso-
ciated carbonaceous shales in the Bearpaw of Lake ‘Basin(54).

J'udlth River formation—Except in- the northwestern part of
the Great Plains provinee the Bearpaw shale is everywhere underlain
by a series of sandstones and shales” which has long heen known as
the Judith River formatiom, - This name was originally applied by
F. V. Hayden in 1871 to typical exposures of these strata near the
mouth of Judith River(55), but it was not uniil more than thirty
years later: thgt' the proper position of the formation as a member of
the Montana- group was definitely determined(56). Since then there
has been eonsiderable discussfon in regard 'to. the exaet horizon of

(52) U S Geol Survey Prof. I‘ra.per 90- I, p. 102; Prof. Paper 120-B, p. B0;
Bull, 647,

(53) Colher A. J., Geology of northeastern Montans: . 8. Geol, Survey Prof.
Paper 120-B, p. 30, 1818
54) Op. cit. pp. 121 122,
{65) Hayden, F, V., Geology of the Mlssnun Valley: U. 8. Geol, Survey Terr.
Prelim, (Fourth Ann.) Rept p- 97, 18
(56) Btanton, T. W, and Hatcher, J B Geology and paleontology of the Judith
River beds: U. S Geol. Survey Bull. 257, 1905,
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thése beds but much reecent detailed work has confirmed the earlier
eonclugions(57). :

The areal extent of the Judith River is much more restricted than
that of the Bearpaw. Its distribution north of Missourl River is
congiderably obscursd by the widespread mantle of glacial drift but
the numerous stréams have cut sufficiently deep in many places to
expose the formation- on the valley slopes. An irregular belt of it
several miles wide encircles the Bowdoin dome, from which. a broad
belt extends westward far up Milk Valley beyond Havre toward the
Canadian boundary. Other branches which reach southward from
various -points along Milk River. surround the Bearpaw .and Little
Rocky ‘mountains before uniting in the broad embayment that ocecu-
pies Misgouri Valley for about fifty miles below the mouth of Judith
River.” The main outerop of the formation continues south along the
east side of Judith Valley and, growing rapidly narrower as the North
Moccasin and Judith mountains are approached, swings sharply around
their north slopes. Here it strikes southeasterly as a very narrow
bacd along the north limb of the Cat Creek anticline, then swings
around the east ends: of the plunging Cat Cieek, Flatwillow, and
Devil’s Basin anticlines, and continues west along the steep southern
limb of the latter, It is exposed at several places south of the Big
Snowy and Little Belt mountains and on the flanks of numerous local
uplifts in Musselshell Valley as far west as Martinsdale. From this
valley is continues in a southeasterly direection along the north side
of Lake Basin, erosses Yellowstone River 'betw_een Billings and Hung-
ley, occupies Bighorn Valley in . the vicinity of Hardin, then swings
south along the east side of the Bighorn uplift to the Wyoming boun-
dary. A branch of this belt swings aroynd the east end of Lake
Basin, crosses Yellowstone River a few miles west of Park City, and
follows the west side of Bighorn Basin southward, The Judith River
is the surface formation in the Ingomar and MeGinnis Creek domes
and forms the promiment encireling esearpment of the broad Porcupine -
dome. It also surrounds the northern extension of the Black Hills
uplift. : '

The Judith River formation consists of a series of alternating
sandstones, shales,” and coal beds which vary greatly in relative pro-
portions and sequence from place to place. In the northern part of
the 'region the sandstones are commonly soft and friable, although
locally quite hard, light gray to yellowish, thin-bedded to massive,
and contain numerous iron and sandstone concretions, ‘wh_ich are more
abundant in the basal portion of the formation. The sandstones loeally
are distinetly cross-bedded and ripple-marked. The intercalated shales
are predominantly clayey and as a rule are colored with tints of light
gray or brown. With the appearance of dark gray to blackish ecolors
thick beds of the clay shale may closely resemble the Bearpaw shale

(57) Bowen, C. F.,, The stmtigraphy of the Montans kroup: U. 8. Geol. Survey
. Prof. Paper 90-I, 1815,

¢
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but the lack of characteristic concretions and . the presence of thick
sandstones render the diserimination less difficult. An oyster bed
composed of shells and fragments of Ostres subtrigonalis is a common
feature near the top of the formation in many places, and where pres-
ent forms dn excellent. horizon marker. Coal beds -are -prominent in
some areas, such as in Milk River Valley between Havre and Harlem,
east of Big Bandy, on the northeast side of the Bearpaw mountains,
and aleng the Missouri. The Judith River formation comntains most
of the coal of thiz section of.the state, but some is present in the
Bagle and in a small tract 'of Fort Union east of .Big Sandy. The
most persistent bed is near the top of the formation, just below the
oyster bed, but as a rule the coals exhibit the same lateral inconstancy
a8 the sandstones and shales so that they may grade into clastlc sedi-
ments within short distances.

The remarkable lack of lateral persistence of these beds in the
original area.is clearly pointed out by Stanton and Hatcher(58) i
their excellent discussion of the geology of this formation. They state:

The frequency with which the different strata of sandstones
and clays replace one another, both laterally and vertically, to-
gether with the great disturbances that have taken place subse-
quent to the deposition of the Judith River beds, renders it ex-
tremely difficult, if not. impossible, to fix upon any definite hori-
zons or strata within the limits of the fresh-water series that may
be followed and recognized with certainty, even in reasonably ad-
jacent sections. ' A detailed section taken at any point iz of little
value, since a similar section made at a-distance of only & mile
or two would give a quite - different sequence of the alternating
strata of sandstones and shales. .

Although similar c_onditions apparently exist along the Missouri
and throughout the area north of it, in areas farther south the lithology
is more constant. In the Porcupine deme the formation is composed
. of massive light-gray sandstones at the top and base with interven-
ing grayish shales. In Musselshell Valley it consists of three fairly
well'defined members: a lower massive, cross-bedded, gray to brown
sandstone; a gray to buff clay shale with interbedded sandstomes;
and an upper series of alternating sandstones and ‘shales with some
carbonaceous shale and coal. The sandstones become markedly ande-
. sitic toward the, Crazy Mountains as is evidenced by the greenish color
of the fresh rock and the presence of fresh feldspar and quariz. erys-
tals in thin sections. The middle member contains considerable petri-
fied wood and dinosaur bones, while the osyster-bearing horizon is
present mear the top of the uppermost member(59). This three-fold
divigion is -clearly exhibited by the steeply dipping beds between
Lavina and Broadview. Cosal seams are locally present in this part

(58) Stamtom, T. W. and Hatcher, . B, Geology and paleontology of the
Tudith River beds: U. 8. Geol. Burvey iauu 257, p. 34, 1905

(59) Bowen,-C. F., Anticlines in & part of the Musselshell Valley: T. 8, Geol.
Survey Buil, 691F pp 191-192, 1918.
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of . the- state but as a rule they are thinner and m‘uch less dommon
than in the northern portion, - '

South of Yellowstome Valley in Carbon County the Judith River -
becomes ‘a part of the thiek . series of sandstones that overlies the
Colorado shale. It can be readily traced from the north to its cross-
ing of the river sast .of Columbus but gouth of here it i3 included in
the ‘‘Montana undivided.”’

On the east flank of the Bighorn uplift the Judith River sand-
stone c¢an be traced to the Wyoming boundary where it is correlated
with the Parkman sandstone.

In the northwestern part of the plains provinece the Judith River
loses its identity through a change in color and eharacter and grades
into the Two Moedicine’ formation(60). It .can be recogmzed as far
west as Milk Valley several miles above Havre.

The topography of the Judith River formation nearly everywhere
is quite distinetive, - The massive, moré or less firm, sandstones, in
flat-lying ‘beds; produce: bold -eliffs and ledges whiech are in conspicu-
ous contrast with the. soft shales .of the -overlying Bearpaw and the
underlying Claggott. Extensive bad lands have been developed in
many places, as in the vicinity of Havre and east of l_laftles’nake
P. 0. Where the strata are cousiderably tilted the entire formation
has been etched by erosion into a series of alternating hogbaek ridges
and nparrow depressions. The sandstones commonly form prominent
escarpments in the domes, which are especially conspicuous if the
underlying shales are exposed. Fine examples of these ‘‘Keys to the
structure’’ are ‘exhibited by the Porcupine and Ingomar domes, as
well as by portions of several other anticlines.

Typical sections of the Judith River are exposed in many deep
velleys, among the best of which are those exhibited in the steep
slopes along the lower Judith River and down Missouri Valley for sev-
. eral miles. The exposures are especielly fine on the south side of the
_river, in the area of sharp relief known as ‘*Breaks of the Misgouri,”?
Excellent sections may also he observed on the steep limbs of several
anticlinez in Musselshell Valley, as the south flank of the Devil’s
Basin ‘anticline and the east side of the Broadview dome. Many ex-
posures ocecur in the vieinity of Havre, on the south and west sides
of the Little Roeky Mountaing and in the Bowdoin dome, but none of
these afford complete sections. -

A detailed section for the Lake Basin field about eleven miles
northwest of Billings is reported by Hancock in U, '8, Geological
Survey Bulletin 691-D, pagé 118, while another a few miles southeast
of Huntley is given by him in Bulletin 711-&, page 123. .

The thickness of the Judith River is fairly constant throughout
the greater part of the region, but it thins rapidly as its eastern limit
is approached. It im estimated to be 400 to 425 feet thick in the

— -

"~ (60) Stebinger, Engene, The MoMma Group of northwesstern Montans U. 8.
Geol. Survey Prof. Paper QOG 1614
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Bowdoin dome, about 480 feet near Havre, and 600 feet in the western
part of Musselshell Valley. Northwest of Billings it is reported to
be nearly 400 feet thick and southeast of Huntley 500 feet thick,
but it deereases. to 125 feet in the northern part of the Porcupme
dome, and still farther east is even thinner.

The Judith River contains an abundance of fossxls of congider-
able variety, inecluding about fifty known species of invertebrates, a.
gimilar number of vertebrates, and an extemsive flora(6l), -Formerly
all the known forms were brackish, fresh-water, and, land types, but
marine foassils have been discovered recently, Marine " invertebrates
are dominant on the northeast side of the Bowdoin dome (T. 33 N,
B. 37 E), where the few fresh-water shells (Unios) are 'confined to
the middle of the formation(62). An abundance of the .marine sea-
weed, Halymenites, and some marine shells are preseat on the north
side of the Porcupine dome (Bec. 8, T. 12 N., R. 38. E)(63). This fos-
il seaweed is also very. plentiful several miles north of Billings, but
farther weat in Lake Basin, brackish-water mollusca, leaves, and bones
of land animals are the only fossils yet discovered. ’

Claggett = formation.—The Claggett formation, or Olaggett
shale as it may be called in gome areas, is fhe thick mass of shale or
shalé and sandstone that is present between the Judith River forma-
tion above and the Eagle sandstone below. The name was given by
Stanton and Hatcher, in their division of the Montana. group, to the
geetion in the vieinity of old Fort Claggett (now Judith) at the mouth
of Juditb River(64). The areal distribution of the .Claggett is very
gimilar to that of the overlying formation exeept that in the Milk
River drainage it ie present only in the Bowdoin dome, in a limited -
area on the northeast side of the Bearpaw Mauntains, and from the
vicinity of Big Sandy northward beyond the Great Northern Railway.
It is exposed in the Ingomar dome but not in the MeGinnis Creek
dome. Tt apparently continues below younger formations to the east-
ern border of the state, and ig expoged in the Black Hills uplift.

The Claggett exhibite. marked changes-in lithology in ecrossing the
state from east to west. In the Bowdoin dome it consists of a dark
gray, clayey shale which forms a typieal gumbe soil and contains
numerous large limestone coneretions, Flakes of gypsum which are
plentifully scattered throughout the shale, give an alkaline character
to nearly all the water from the formation. The same characteristies

(81) For an excellent recent discussion and tabulation of the fauna see 0 ¥,
Bowen, Stratigraphy of the Montana groep: U. 8. Geol. Survey Prof. Paper 90-1
(1915}). The flora snd fauna have both heen described by Stanton and Hateher,
?{aglog)y and paleontology of the Judith River beds: U. 8. Geol S’urvey Bull, 257

03

(62) Collier, A, J., Geology of northwastem Montana: U, 8. G—eol Survey Prof. -
Paper 120-B, pp. 28 29 1918,

63) Bowen P, Gredations. from econtinental to marine conditions of depo
sition in eentral Montann during the Eagle and Judith River epochs: U. 8. Geol.
Survey Prof, Paper 125-B, p. 15, 1918.

(64) Stanten, T, W, and Hatcher, J. B, Geology and pnlenntqlogy of the
Judith River beds: U. 8. Geol, Survey Bull p. 13, 1905,
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exist on the glopes of the Little Rocky Mountains, and in the upper
part of the Colorado-Claggett sequence in the Porcupine dome, In all
these areas the Claggett is so mnearly identieal with the Bearpaw that
it is recognized mainly by its stratigraphic position. In some places
the concretions of the older formation have a well-developed cone-in-
cone structure which is a feature that appears to be seldom present
in the otherwise identical conerstions of the Bearpaw.

In the type area the Claggett is éomposed of two facies—a typical
lower shale member several hundred feet thick, and a thinner upper
~one of sandston¢ and shale. This two-fold division persists in variable
‘degree for a comsiderable distance to the north and south of this
locality.

The gradual increase in the prOportmn of sand from east to west
is nowhere more clearly shown than in Musselshell Valley(65).

The Claggett is idemtical in appearance with the Bearpaw in the
eastern part of the valley but near the western border of Musselshell
County two thin sandy zones appear, Within 20 miles to. the west
the sandstones compose half of the formation, while still farther -
toward the Crazy Mountains the formation merges int¢. the thiek
seties of sandstone ‘and sandy shale which here represents the Montana
group and the overlying formatx_on.

“ ‘Southward toward Yellowstone ' Valley, and beyond, the sand-
stones are ‘more variable in .character. Along Canyon Creek (T. 1 N,

28 B.), sandy shales are interbedded with ripple-marked; thin-
bedded sandstones but the latter gradually become less distinct: as the
river is approached., The .sandstones resppear southesst of Billings
in" lenticnlar “beds which ' become ‘quite numerous. in ‘the" valley - of
Pryor Creek. ~More persistent, massive sa.ndstones occur to the south-
eadt, which weather eavernous and into fantastm forms similgr- to the
Judith River, ‘but. on = lass elaborate scqle, .

. There is ¢ommon throughout the -entire aren of the Claggett a
sandy transitional zome to the overlying . Judith - River' férmation :and
to the underlying KEagle sandstone, ever where the sandy beds other-
wise have a very -subordinate development or are entirely wanting,
This makes it rather diffieult in many places to.determine the exact
limits "of the formatiom, especially where sandstones are prominent in
its upper portion. Where this happens it has been customary te in-
clude these sandstones in the Claggett, but if all traces of marine
fossils are absent in them it may be advisable to eall them basal
Judith River,

Where the Claggett is composed of shale its topography is identi-
cal with that of the Bearpaw, broad lowlands with low rounded hillg
or congpicuous narrow depressions, according to the dip of the forma-
tion. In areas of horizontal beds, as on the ‘‘Billings bench,’’ there
is a high frontal escarpment of Bagle sandstone with low hills of

(65) ‘Bowen, C. ¥, Anticlines in & part of the Musseolshell Valley, Mont.: U. 8.
Geol. Survey Bull. 691F pp. 192-193, 1918.
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PLATE VI.—EAGLE SANDSTONE.

Contact of the massive, basal Eagle sandstone (Virgelle sandstone) with the under-
lying Colorado shale, southwest of Billings. The Virgelle sandstone
forms a common ‘‘rim-rock’’ overlooking valleys cut
in the softer Colorado shales.
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Judith Biver far in the background. The more massive sandstones
form high eliffs, and where the formation is folded most of them
" give rise to more or less conspicuons strike ridges.

Complete sections may be readily observed wherever the beds are
tilted and the underlying Eagle is exposed, as on the south flank of
the Devil’s Basin anticline, and at several points in Musselshell Valley.
Execellent exposures are present along the lower Judith River and for
several miles in either direction in the bluffs along the Missouri.

Measurements made in several widely separated localities indieate
that the Claggett as a rule does not vary greatly in thickness. The
thickest seetions roported are om the east flank of the Little Rocky
Mountaing and on the north side of the Crazy Mountains with 750
feet and 400 to 800 feet respectively., Along Cahyon Creek, north-
west of Billings, it is 567 feet, near the western border of Musselshell
County 467 feet, while in the Judith Basin north of Fullerton it is

. 620 feet thick, Tn the last-named loeality the two-fold division is well
developed,—the lower shale being about 500 feet thick and the upper
sandy member 120 feet thick.

The Claggett eontainz a fairly abundant and varied marine fauna.
Shells are found in both the shales and comcretions but are more com-
mon in the latter.. In a few places, as in the type area, the wpper
sandstones are fossiliferous, Some characteristic forms of the shale
arc Baculites compressus, B. ovatus, Inoceramus barabini, Placent!.cera.s
whitfieldi, and Leda evansi. The fauna is very similar to that of the
Bearpaw shale but differs in that it is less diversified and fossils are
less numerous,

Eagle and Virgelle sandstones.—The basal formation of the
Montana ‘group, in its fullest development, is the Eagle sandstone.
This formation is of considerable interest as a possible reservoir of
oil and gas. The name is derived from the seetion at the mouth of
Eagle Creck, a northern tributary to the Missouri River in the north-
eastern part of Chouteau County(66.) The lower part of the Eagle
has récently been called the Virgelle sandstene, from the exposures
along the Missouri at Virgelle, about 25 miles bélow Fort Benton (67).

The Eagle sandstone has less extent than any other formation of
the typical Montana group, being restrictzd to the western and south-
ern portions of the plaing provimce. North of the Missouri it appears
as far east as the Little Rocky Mountains where thin encireling sand-
stones have been provisionally referred to the Xagle(68). In the
northwestern part of the region only the massive basal sandstone,
the Virgelle, can be recognized, the remainder of the Eagle, if present,
having lost its identity and become a part of the Two Medicine for-

(66) Weed, W. H, U. 8. Geol. Survey Geol. Atlas, Fort Benton Folio (No.
55), P. 2, 1899.
. (67) Bowen C. F., The Strnugraphy of the Montana Group U. 8. Geol. Survey
Prof, Paper 901 p 97 1915,

(68) Colljer, J., Geology of northeastern Montana: U. 8. Geol. Survey Prof,
Paper 120-B, p. 26 1918.
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mation, From the type locality the Virgelle makes a broad-loep te
the north as the nm of the Sweetgrass arch and swmgs as far north
ag Sweetgrass on the Canadian border., Each of the three uplifts of -
the Sweetgrass Hills .is girdled with a narrow belt of the Virgelle.

From Sweetgrass it trends almost due south along the western flank of
the - low -arch to the Sun RIVGI‘ ‘at the northwest corner, of Cascade
County, then shortly dlaappears beneath lava beds near Cascade.
" South of the Missouri, from Virgelle the Eagle outerop is .approxi-

mately. parallel to the C]aggett except in the few areas of the latter
where erosion has not yet uncovered the underlying sandstones. The

formation cannot be recogmzed in the Poreupine dome, On the west
side of B1ghorn Bagin the Eagle can be traced to the Wyoming line.

It is also prommently exposed in the Dean anticline and although
thin is woll exposed on the northeast flank of the Bighorn uplift and
around the northern end of the Black- Hills uplift, .

.. The Eagle sandstone is quite generally composed of three dlﬁtlllct\
divisions; a lower very massive sandstone, s middle zone of sandy
shalés, and an upper division of thin sandstones. The basal member
retains its maedive appearance with remarkable persistence over the
greater part of the area occupied by the formatlon. It is on account-
of this feature and the ready identification of this divisipn that if is
commonly called the Virgelle member. Even north of the Missouri
where the upper. portion of the Eagle can not.be 1dent1_f1ed the Vir-
gelle mamtams ita typical appeara.nce It varies in’ color from a con-
spicuous white in plaeces in the Missouri River Valley to gray and
light brown in other localities. The upper pa.rt of the ‘Virgelle north
of Teton River is deeply stained with iron due to the presenee of thin
layers of magnetite. Cross-bedding is ngt uncommon, and sandstome
concretions of a rusty brown hue on the weathered surface are fairly.
plentiful in some areas. Weathering locally. develops large eaverns,
and less commonly . fantastie pinnacles and other forms.. In. western
Musselshell Valley the lower part of the Eagle consists of thm -bedded
sandstones, which give place to sandy shales in the Dean anticline
many miles to fhe south. Boutheast of Pryor Creek, on . the Crow
Indian Reservation, the magsive sandstone which is. so- eonsplcuous
to the northwest rapidly gradeg into soft Sandy shales that are dl.ffl-
eult to traee..

A mieroseopie exammatmn(ﬁ!?) of the Bagle sa,ndstone in Mus-
selshell Valley reveals quartz, feldspar, and black chert as the prin-
cipal conmstituents. The sand grains here are of medium size, and vary
form angular to rounded,—about 10 to 15 .per cent only having the
latter form. In some qther areas this basal sandstone, is coarser-
grained.

The middle member, while commonly composed of sandy sha.les,
is somewhat variable, hecommg in gome plaees mainly thln-bedded

(680) Bowen, C. F., Antxclmes in the Musselshell Valley, Monmna, U 8. Geol.
Survey Bull, 691, p. 195 1919
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or. shaly sandstones. .In: the: vicinity of the ‘Midsouri, and.to a less
extent dn- Liake - Basin, - earbonaceous shalessand thm, lentmular eoal
seams ‘are fairly abundait at-this horizen. - - :

i -The uppeér division of the: Eagle exhibits alegs constant nature
than the others. Along Eagle Creek it.consistz of ‘thin sandstones
which partially pass into sandy shales south of Missouri River. In
gore parts of Musselshell Valley thick -bédded’ sandstones c‘arrymg an
abundance of Yarge  rusty sandstone concretions predommate. ‘The_
uppetr part-of “the. iormation in' Stillwater Valley is- a thick massive
‘safdstotie above which workable coal beds are locall’y present. Mmable
.coal also- oceurs ‘dn the Eaglé in the’ vmmlty of Bridger and in’ the
Elk- Bagin’ arha(’i’()) There are carbonaceots” JIayers and “thin eoal
geams in the upper member - in “the vielmity of the® Bearpaw Moun-
taing., ' ‘A’ unigne feature in part of Lake Basin is a thin bed of
rounded black chert pebbles about an inch in diameter at the top of
the formation, The- long gentle dip slopés in places are reported to be
covered with them.- Another local characteristic of the member is the
presence of andesitic material in- western. Musselshell Valley. The
andesitic sandstones-weather to a deep brown color and form r1dges
as the result of differemtial erosion.

The topography of the Eagle is very chafacterutm The lower
massive satidstorie forms ledges and cliffs 25 to 100 feet high which
are in |tr1kmg contrast to the rollmg surface of the underlymg Colo-
rado shale. it constitutes the prominent rim rock of basins ip the
latter formation. This is excellently exhibited in Yellowstone Valley
just north of Billings. Pieturesque canyons are- developed where
streims ‘have cut through the gently dipping massive sandstones.
Fine examples exist along Two Medicine River just above its mouth
and -along several gmall. streams that ecross the esearpment on the
north side of Yellowstone Valley. Where the formation is steeply
tilted dxffcrentm] erosion commonly produces a marrow strike valley
bordered by a palr of hogback ridges. ] )

The Eagle is commonly about 250 to 300 feet thmk It is esti-
mated to be only ‘100 feet thick in the Little Rocky Mountains and
to have a similar minimum thiekness ‘north of the -Crazy Mountains.
In the Blackfeet Reservation the Virgelle is reported to be 200 to 225
foet thick while farther south this increases te 380 feet. From its
maximum development in this locality it deereases-slightly .into north-
ern Fergus County then thins rapidly to-the east, so that it is not
exposed in the Porcupine deme,

Fossils are generally searce or la.ckmg in the Eagle. Leaves are
present in places in the carbonaceous shales or are associated with the
coals. In the Woman’s Pocket anticline, northwest of Lavina, the
marine shell Ca.rdium sp'eciosum"is abundant pear the _\t0p« of the for-

{70) . Wauhbui'ne, C H., Cosl fields-of the northeast sid.e ot the Blghorn B&sm
‘gségmmg, and of Bridger, Montana: U. 8. Geol.. Survey Bull 341; pp. 183 195,
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mation, - The same form is Sparmgly preaent in -the B1g Elk dome
south of Two Dot(71). Marine fossils also oeenr -in the formation in
Carbon County where they are more -abundant in the lower part(72).
The Virgelle i reported to be barren in- places but in ‘others to con-
tain a marine near-shore fauna. ‘

Two Medicine forma,t!an.-—-The middle portion of the Montana
group undergoes a decided change in lithologic character as the ex-
trame . northwestern part of Central Montana is approached., In the
area hetween Sun River and the Canadian boundary, thence eastward-
to Milk River Valley, the Virgelle sandstone and the Bearpaw shale
are the only divisions of the Montana group that persist in their
typieal aspect. The upper part of the Eagle, the Claggett, and Judith
River here grade rapidly into a mass of light-colored clays and sand-
stones, mainly of continental origin, about 2000 feet thick, This de-
posit is called the Two Medicine formation from the typical and
complete section exposed on the lower course of Two Medicine River
in- southeastern Glgeier County(73),

The c¢haracter of the formation is thus concmely deseribed by.
btebmger .

It is composed pringipally of hght~gray to greemsh gray clay
and elay shale, so rudely bedded that it is impossible to follow a
".given sfratum for any great distance, In places the beds of eclay
are variegated, red and yellow strata appearing. Thin nodular
and non-persistent limestone, apparently of fresh-water origin, also
occurs at irregular intervals. Probably 20 per cent of the total
. mass of the formation is made up of soft coarse-grained sandstone
in lenticular beds which, even where 20 to 30 feet thick, cannot
be traced more than 1 or 2 miles. At many localities these sand-
stones show the very irregular cross-bedding that is characteristic
of eolian deposits. The lower 200 feet of the formation is more
sandy than the remainder, probably half of this pari: consisting
of massive sandstone in irregular beds, the thickest measuring 50
fest (74).

The formsation contains earbonaceous shale at many horizons and
three well-defined coal beds occur in some placeg. These coals are
mined at several localities.

The succession of soft clays and more or less resistent sandstones
provides ideal conditiong for -the formation of. badlands, and conse-
quently this type of topography is extensively developed along the
‘numreous valleys of the region. Elsewhere the Two Medicine is
characterized by a gently rolling surface.

{(71) Bowean, C. F., Anticlines in the Muszelshell Valley, Montana: T. 8. Gsol.
Survey Ball. 691-F, p. 194,

(72) Fisher, C, A, Southern Kxtension of the Kootemu and Montana Coal-bear.
ing formaticns in noTthern Montana: Econ. Geol,, vol. 3, 94, 1908,

(73) Stebinger, Eugeme, The Montens gronp of nort wustorn Montana: U, 8.
- Geol. Burvey Prof. Plper 20-G, p. 62, 1914,
(74) Ibld p. 63
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The fossiliferous character of the formation is well shown by the
following description:

Fosgsils are abundant in the Two Medieine formation and in-
clude vertebrate, plant, and meilusk remaing of many species.
‘Bone fragments of dinosaurs of Judith River types, both herhiver-
ous and carniverous, and also of turtles ean be found in almost
any extensive exposure. Entire limb bones 4 to 5 feet in length
belonging to the larger dimosaurs were, found at several localities,
The mollusks are represented mostly by brackish and fresh-water
forms, especially the latter. Beds made up almost execlusively of
unios are present at. many horizons, in some places closely asso-
ciated - with dinosatur bones. A aingle marine invasion of brief
duration while this formation- was being deposited is represented
by shells of the Claggett to Fox Hills near-shore fauna found in
sandstone about 200 feet above the. base of the formation. The
plant remaina are mainly leaf impressions and silicitied wood.
The leaves are all of modern-appearing conifer -and broad-leaved
types. The fossil wood is distributed throughont the formationm,
knots and entire sections of compressed tree trunks being com-
mon(75}. '

Livitgston formation.—A thick mass of tuffaceons sandstone
and shale constitutes the surface formation over an exten-
sive area morthwest of the Crazy Mountains, between Shields River
and the Bridger Range, in Yellowstone Valley as far cast as Greyeclift,
and for some distance south of Yellowstone River. These strata were
called the Livingston formation by Weed(76), from exposures near
Livingston. Stome and Calvert in their more recent studies of the
Livingston throughout itz entire area have determined its main' litho-
-logic features and its siratigraphic reiations(77), They have shown
too that the formation does not cover as broad a tract in the wiecinity
of the Crazy Mountains a8 is shown on the early maps of the region.
The data for the following description are taken from their report.

The siriking feature of the formation is the large proportion of
voleanic material that it contains. Most of the shales and sandstomes
contain some, and many of them a great deal of andesitic debris. In
the southern part of Stillwater County 320 feet of greenish to brown-
ish tuffaceous beds intervene between the Eagle and the Lance. The
formation is well-exposed along Stillwater River where a three-fold
division is recognized: shale and sandstone 625 feet thick, voleanie
agglomerate 2000 feet thick, and shale and thin sandstonea 2500 feet
thick(78). These members have a similar thickness on Boulder River

(75) Stebinger, Eugene, Geology and coal resources of Northern Teton Ceounty,
Montana: U. 8. Geol. Survey Bull, 621-K, p. 127, 1916, L ..

(78) Weed, W. H,, The Laramie and the overlying Livingston formation of
Montans: U. 8. Geol. Survey Bull. 105, p. 21, 1893, o B

(77) Stone, R. W., and Calvert, W. R., Stratigraphic relations of the Livingston
formation of Montana: Eeon. Geol, vol. 5; pp. 551-557, 652-669, 741-764, 1910.

(78) Calvert, W. R., Geology of the upper -Stillwater Basin, Stillwater and
Carbon counties, Montana: U. 8. Geol, Survey Bull, 641-G, p. 201, 1916. :
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to. the west.  The agglomerate is composed chiefly of - andeésitic peb-
bles and boulders, which rarely show signs of transportation by water.
It oceurs in the form of a great lense that extends westward from
‘West Bosebud Creek on the east to Yellowstone- Blver, near Springdale.

 On the west side of Shlelds Valley a.nd along the’ east flank of
the Bridger Ra,nge the lemgston maintains its. hlghly ‘andesitie na-
ture, the -only conspicuous change: heing the disappearance of the
agglomerate member, At some plices, howevér, ‘strata codtaining much
andesitie matenal are interbedded with the. underlying Eagle and the
upper part of. thb Colorado. A number of species of marine fossils of
probable Boarpaw age were discovered well up.in. the typma] Living-
‘ston at. one locahty and elsewhere Judlth Rlver forms oecur at lower
horizons. - ’

As the Livingston forma.tmn is traced around’ the north flal;k of
the Crazy Mountaing it is obgerved to become less and  less andesitic
at certain horizons, and to assume gradually the lithologic and’ fa,una.!
characteristics of the Montana group. In other words, in the upper
Musselshell Valley there is a gradnal and apparently unmistakable
interfingering of the typical sedlmentaxy series of the central part of
the state with the typieal Livingston formation ‘of the Shields and
Yellowstone valleys.. Henece, it is concluded that the Livingstone for-
matum is a, pecullar hthologlc; umt which in its partlcular area €or-
reaponda to the Montana group p]us a part of the overlying Laneé
‘formation. Whether it may be subdivided intc thése formations or
their time equivalents remains to be determmed by detailed strati-
graphw work.

Colorado ‘ formation.—Immediately underlying ‘the Hagle sand-
stone, or the Claggett shale where the Eagle is absent, is a thick body
of shales with subordinhte sandstoneés known as the Colorado forma-
tipn. This formation not only appears at the serface over a vast area
in Montana, but underlies all the territory occupied by younger for-
mations. Moreover, it underlies thousands of square miles of the
Great Plains of the United States and Canada. The mame was first
applied, with its present signifieance, t¢ extensive exposures in nerth-
western Colorado(79). - In consequence of -its highly petroliferous na-
ture in Wyoming and Alberta the Colorado is of comsiderable interest
to the oil prospector in this state.

The Colorado shale is one of the most w1desprea,d formations of
the Montana Great Plains, as it is exposed over approximately 9000
square miles, or nearly one-tenth of the whole plains province. The '
largest area oceurs north of Great Falls where it is exposed by the
erosion of the Sweetgrass arch throughout an area of 7000 square
miiles, Tt is brought to the surface in belts:of variable width around
each of ‘the mountam uphfts as well as m most of the gnticlines and

(‘79) White, C. A, Report on the geclogy of northwestern Oolondo u. S Geo]
and Geog. Survey Terr Tenth Annual Report, 1878.
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domes of Mugselshell Valley. It is also exposed in the Porcupme '

dome and in the northera -extension 'of the Black Hills uplift. ’
The Colorado group of northwestern Wyoming has been subdivided
into several formations: the Thermopohs shale at the base, the Mowry
shale, the. Frontier formatlon, the Carlile shale, and the Niobrara
shale. These divigions have been ‘identified in Elk Basin at the Mon-
tana boundary and similar divisions are recorded in the B]ack Hills
uphft but, with the exception of the Mowry, have not been posltlvely
recognized further north. Owing to its peculiar nature the Mowry
has been identified in many of the Colorado sections in Montana. Tt
is rather probable that detailed stratlgraphm astudy of the Colorado
formation in this state will result in the recognition of some of the
other divisions into which it is separated in Wyoming. On the other
hand it is entirely probable that conditions of sedimentation were
sufficiently diverse over such an extensive provinee that few, if any,
. horizons ean be directly correlated over long distances unless they
are marked by some unusual and persistent faature, ag in the case of
the Mowry shale. Sinee the Colorado sandstomes exhibit great varia-
tion in number and character in the Wyommg fields, it is elearly
inadvisable to consider sandstones in a partienlar section in this state
to be the same as those that oceur in some other section 50 to 100

miles digtant, and thus expect them to exhibit the same features.
The Colorado everywhere is dominantly & dark bluish-gray to
blaeck, more or less fissile, clay shale, * It contains variable’ amounts
of ‘sandy shales and sandstones; the latter ss a rule being more num-
erons and thicker in the lower part of the fotmation. This is
eapecially true in Bighorn Basin, Wyoming, but even here they are
very lenticular. The sandstones appear to become less abundant and
to be more limited in vertical range as the state is crossed toward
the morth. In the KIk Basin field the principal horizons are the
Peay and 'Torchlight members of the Frontier formation, both of
which' are ‘oil-bearing, while in the Bridger section the Torehlight is
" the only important sandstone(80). Well loge at Billings, southwest
of Broadview, and southeast of Shawmut show several thin sandstones
"in the lower third of the Colorado section. In the western part of
Musselshell Valley sandstones again become numerous and thicker, one
sandy horizon in the Big Elk' dome being sufficiéntljr prominent to
warrant the name Big Elk Sandstone(81). This member iz about 1200
feet below the top of the formation, and iz about 250 feet thick.
It oceupies the approximate position of the Fromtier of Wyoming.
Near the Crazy Mountains about 200 feet of sandstones are present
in' the lower third of the Colorado. 'The basal sandstones in the
vieinity of the Big Snowy Mountains are thick-bedded and weather to

(80) Hares, C. J., unpubhshed data, quoted by Hancock, E. T, U S. Geol.
Survey Ball. 711, Plate XV, 1920.

(81) Bowen, C. F,, Anticlines’ in a part of the Musselshell Valley, Montana:
U. 8. Geol, Survey Bull, 691.F, p. 196,



1 MONTANA STATE BUREAU QOF MINES AND METALLURGY

a rusty brown color. These ‘‘rusty beds’’ are an excellent guids in
drawing the lower boundary of the formation in this area.

Sandstones, many of which are 20 to 80 feet thick, are prevalent
in the lower half of this formation in the northern part of the
state. A section on the flanks of the Little Rocky Mountaing that
may be considered representative for the northeastern area consists of
100 feet of Mowry shale at the base, 325 feet of dark-blue shale, 69
feet of sandstone capped by a thin bedl of fossiliferous limestone, and
875 feet of bluish-gray to black shale with numerous limestone comere-
tions(82).

In the nerthwestern part of the plains the lower third of the
Colorade has been designated the Blaekleaf sandy member from the
good‘ expogure on Blackleaf Creek, in northern Teton County. A de-
tailed section of it is given by Stebinger in T. 8. Geelogical Survey
Bull. 691-E, page 158. This divigion is 690 to 700 feet thick and
contains all the conspiecuous sandy horizens of the C(olorado in this
region. The sandstones are medium to coarse-grained, locally conglom-
eratic, and are semewhat lentiecular. Numerous marine and brackish-
water shells have been found in the sandy shales associated with
“them.

The beds immediately overlying the Blackleaf in the Sun River
district are distinctly petroliferous. They ‘‘consist of eampaet black
bituminous shale containing thin beds of impure limestone whieh in
places is impregnated along the f_!‘acturés with. a soft tarry
bitumen(83). TUpon distillation the shales yield one to two -gallons
of oil to the ton., These beds are about 50" feet thick, with the -
several thin limestones cccupying about omne-quarter of the space.

The Mowry shale, whieh, owing to the abundance of fish remains
that it contains, is a possible source of oil, has been identified at
several places in Montana. Where typically developed it is readily
recognized by the great numbers \of fish geales and its peculiar
weathering to a porcelain-like debris. This member is .reported from
the Little Rockies as constituting the basal 100 feot of the Colorado.
It is present on the northeast flank of the Bearpaw Mountains  and
in the vicinity of Great Falls and Lewistown, but has not been receg-
nized in the intermediate area. It apparently occurs only in the
eastern part of Musselshell Valley, forming a 12-foot stratum about
680 feet above the base of the Colorado in the Devil’s Pocket anti-
cline. and is also well exposed in the Cat Creek anticline. = Near
Bridger the Mowry is over 200 feet thick. i

The upper part of the Colorado nearly everywhere consists of
characteristic dark-colored fissile shale. Thin beds of sandstone, lime-
stone, and sandy shale are pregent in places but they are relatively

Pn;: 232112 (gtgh;r,z .{ 9:'-Geology of northeastern Montana: U. 8. G'reol Survey Prof.
( tebinger, Fugene, Oil and gas olo of the Blrch Cre¢k-Sun River
ares in northwestern Montana: U. 8. Geol. gurv;‘y?Bull 691E p- 162, 1918,
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unimportant. Caleareous coneretions more or less filled with veins of
ealeite are rather common in this division. A bed of voleanic ash
" is a local feature on the south side of the Highwood Mountains, and
tuffaceous material oceurs near the top of the formation on the north
gide of the Crazy Mountains.

The summit of the Colorado i generally ql.ute dlstmctly marked
by a change from the dark shales to the light-colored massive sand-
stone or sandy shale of the basal Hagle, as well as by the conspicuous
difference in topographie expression. - These upper Colorado shales bear
a rather close resemblanee to the Claggett and Bearpaw shales but
differ in. that they are somewhat darker, bedding is: much better
developed, and a typical gumbo soil is more rarely produced

Typical sections of the formation are well- ‘exposed at several
places in the state, particularly on the flanks of the mountain uplifts,
as along the northwest end of the Pryor mountains. For the details
of several complete sections the reader is referred to the publications
of the U. 8. Geological SBurvey(84).

The Colorado formation has a rather.: uniform thickness through
out the state. It is approximately 1360 feet thick in the Little
Rockies and in the northwestern part it varies from 1500 to 1900
feet. It is .about 1300 feet thick morth of the Crazy Mountains and
ranges from.1500 feet north of the Judith. Moeuntains to 2360 feet
on the south side of the Big Snowy Mountains. The greatest thick-
ness in Muaselshell Valley approximates the latter figure. A section
in the Elk Basin district nearly 2700 feet thick apparently records
the maximum development of the formation in Montana.

Marine fossils are plentiful in the Colorade shale. Fish remains
are exeeedingly numerous in the Mowry shale member, but oecur also
at other horizons in some localities. Shells of invertebrates, chiefly
pelecypods and gastropods, are mnot uncommon in most extensive see-
tions, both in the shale and in the caleareous concretions of the upper
portion. All the fossils are characteristic marine Cretaceous forms.

THE COMANCHEAN SYSTEM.

Kootenai  formation.—The Kootenai formation eonsists of a
widespread series of shales and sandstones that underlies the Colorado
shale. 'The type locality is in southwestern Alberta, whence the name
ig* derived from an Indian tribe that frequented the region(85). The
formation passes bemeath the surface hefore the international bound-
ary is reaghed but rezppears at several places inm the plains province.
Nortk of Missouri River it crops out only in the Little Roeky Moun-

(84) Bowen, C. Amwlmes in a parl of the Musselshell 'Vu,lley Bull. 691-P,
Pp. 196-197, 1918 Calvert W. R., Geology of the Lewistown coal field, Bull. 390,
p. 30, 1909; Hancock, E. T., Bull. 601-D, P1. XVII or Buli 711-&, Pl. XV, 1920.

(85) Dawson Sir William On the Mesozojc floras of the Rocky Mounisin
region - of Canada’ Trans. Roysl Boc. Canada, vol, 3, Sec. 4, p. 2, 1885,
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taing -and along the” Rocky Mountain front: The ‘greatest surfade
exposure in tlie state -is east and Ssoutheast of Great Falls where it
occupies -about 400 ‘square miles. A mueh smaller area exists south-
east of Lewistown, and a beélt of the formation encircles each of the
mountain uplifts in this part of the astate. The only other outerops in
the plains is a narrow belt around the northern é&xtremities of the
Bighori ‘and Pryor mountains and small areas in the Devil’s Basin
and Cat Creek anticlines. That fs- underlies the younger formatioms,
at least in the central part' of thé pldine province, is shown by its
having been penstrated by deep wells.

The Kootenai formation consiats ‘essentially of alternating, wvari-
colored shales -and lght-colored sandstones. The sandstonss are mum-
erous and thick in the lower half and, as a rnle, become thin and
seattered in the upper portion -although' in -many places ‘there is a
massive, coarse sandstone in the upper third of the formation, in
which oceurs the secsnd and third sands of the Mosby oil field Tt
may correspond to the Greybull sandstone member of the Cloverly
in Bighorn Basin. The -sandstones dre commonly gray to brown,
medium- to coarse-grained, in many places gritty to coarsely conglom-
eratic, and locally strongly eross-bedded. The lower omnes vary in
thickness from 10 to 60 or more feet, and thus afford good horizons
 for oil acenmnulation if other conditions are favorable, foie of ‘ thé
sandstones are rather nonpersistent in the central part of the state,
but one stratum less' than 100 feet-above the base is so persistent in

the vicinity of the Big Snowy Mountains that it makes an excellent
" horizon marker. It is as easy to trace owing -to- the numerond pines
whieh grow upon it. .

Just below this sandstone oeeurs the workable coal seam -of the
Lewistown and Great Falls fields, which in places is six feet thick.
In other distriets this horizon is represented by a thin ‘coal seam or
by carbonacecus shale, : .

Limestone is sparingly present in the Kootenai and oteurs gen~
erally in the form of nodules in more or less definite zones, or as thin
lenticular beds. It is commenly gray te buff, but locally is purplish.

The variegated shales are the stnkmg and distinctive feature of
the Kootenai formation. ‘It is so similar to the underiying Morrison
in this respect that the two formations are readily confused, and
can only be differentiated by detailed .work. The Kootenai shales
are dominantly -clayey, but are more or less sandy in places. The
distinetive color is reddish to maroom, with bands of gray, blue and
green, The maroon shales are present .at several levels in the forma-
tiom, but the bulk of them are in the upper portion, immediately
underlying the ‘‘rusty beds’’ that mark the base of the Colorado.
These upper shales weather to soils of & deep maroon color, which
can be readily distinguished. at great distances. The sharp change in
11thology at the npper contact is very corspicuous along the ‘east side
of the Big Snowy Mountains, but is commonly less evident elsewhere!



. ~KOOTENAI FORMATION 59

The two formations appear to be everywhere conformable, but the
absence' of thé Dakota sandstone indicates the existence of a marked
hiatus at this horizon. - - o

Good sections of :thé Keotenai are rather scarce. - A full sectmn
may be measured in several .deep ravines on the mnorth and. east
flanks of the Big Snowy Mountains; on the north slope of the Little
Belt Mountains, and in Bridger Canyon. A section at the last locality
shows the following sequence(Sﬁ) :

] . . . ! Feet

Sandstone and shale interbedded; sandstome mieaceous, in paper-
thin beds, in places eross-bedded, light buff to’greenish yel-
low, marked by great mumber -of worm burrows or tracks; -
shale light colored and sandy; at the top are great numbers
of small rounded balls which eontain phesphatic material and
_are pseudomorphs after marcasite. This member is ridge-. |
forming and contams at the bottom the Greybull sandstone
member 217

Shale, brilliantly colored, containing great numbers of gastreliths

. and a few -bones.. The different celers give the shale a
_banded effect and are well exposed in Rainbow Butte, Jjust
north of Bridger Canyol.. oot srecreseeas 95

Conglomerate, composed mostly ‘of black chert pebbles 2 ‘inches
or less in diameter containing Paleozoic fossils, Toward the
top. the .conglomerate becomes sandy and contains fewer peb-
bles. The "conglomerate forms cliffs on  each side of
Bridger Canyon - . 35

257

Thie section is of the Gloverly formatmn, Whleh is approximately
equivalent to the Kootenai.

A section oy the. east flank of the Little Belt Mountains illustrates
the common features of the formatiom in the eentral pa.rt of the
state(ST ). : S

Colors.do Sha]e. : : ’ Feet

Shale, maroen, sandy, with an oceasional thin sandstone layer...... 200
Sandstone, gray, weathering tan, coarse gramea ................................ 8
Shale, maroon, sandy 60
Sandstone, gray, coarse grained, weathermg irregularly and eom- .
taining woody fragments 25
Shale, maroon, sandy 3 72
Sandstone, gray, massive, pebbly : 50
Partly. concealed; sandstone members in upper Parte........ 42
Shale, grayish- brewn, compact " 6
Coal and carbonaceous shale -3
Concealed, probably greemsh .sandy shale : 87

Morrison forma.t:lon C . ——
553

(86) Measured by Q J. Hms, quoted by E. T. Hancock U. S Geol. Survey
Bull, 691-D, p. 110, 913

(87) ()alvert w. Geology of the Lewistown coal field, Montana: U. 8. Geol.
Survey Bull 890, p. 26 1909.
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The Kootenai is about 500 feet thiek in Fergus and Cascade
counties, byt inercases to 825 feet in the Little Rocky Mountdins and
to approximately 2000 feet in the northwestern. part of Central Mon-
tana, It beeomes even thicker in western Alberta, where it attains
a thickness of 2800 feet. It thins to the west and south, being about
2353 feet thick north of the Crazy Mountains and 257 feet thick in
Bridger Canyon. Farther south in the Bighorn Basin the Cioverly is
only slightly more than 100 feet thick. . :

Fosgils a8 a rule are scarce in the Kootenai, and present Iittle
diversity. The most common ones are leaves in the carbonaceous
strata, which are abundant in the Great Falls distriet, A few fresh-
water shells, mainly Unics and Gastropods, cecur in some places.
Reptilian bones have also been- disecovered. All the foasils indicate
the terrestrial origin of the formation. -

Morrigon formatlon.—The Morrison formation 1s a widespread
gheet of fresh-water deposits that extends from far south of Morrison,
Colorado, the type locality(88), as far north at least, as CUentral Mon-
tana. Wherever present it underlies the Kootenai, to whieh it bears
such z close'resemblanee that it is difficnlt to separate the two forma-
tions in most places, It has been identified only along the north slopes
of the Little Belt, Big 8nowy, Bighorn and Pryor mountains in this
state, but probably is buried by younger formations in the intervening
and adjacent territory.

The following deseription of the formation along the north flank
of the Big Snowy Mountains will apply throughout the state(89):

. The Morrisan formation consists of shales, sandstones, and
.argillaceous limestones, all apparently of fresh-water origin. The
colors of these beds are extremely variable, greens and pinks pre-
dominating, - but- they are seldom, If ever, brilliant and possess a
characteristic soft tint. In lithologie character and in thickness
the formation is fairly uniform th§ oughout the field, the various
goetions approximating 125 feet, Argillaceous members predom-
inate. The shales are very clayey and the limestones also appear
- ta contain a high pereentage of silica. The.limestone members are
characteristically bluish gray and break into. small blocks. The
sandstones are usually brownish and -granular in appearance, and
in them ecomminuted bone fragments are of fairly common oeccur-
rence.

Good sections of the Morrison are avallable wherever sharp val-
leys have been ent into the underlying formation. The following
section illustrates in detail its character. near the east end of the
Little Belt Range(90):

(88) Cross, Whitman, U. ‘'S. Geol. Survey Geol. Atlas, Pike's Peak folio (No.

1), 1894, . .
)(89) Calvert, W. R, Geology of the Lewnstown coal tield, Montana: U. M.
Geol. Survey Bull. 390, pp 22-28, 1909.

(9¢) Ibid.,, p. 28.

2
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Y

Kootenai Formation.” Peet
1. Sandstone, fine grained, tan-eolored, weathering soft tan,
containing bene fragments 12

2, Shale,” gréenigh, becoming sandy upward, with 1-foot
layer of limestone, greenish gray, weathéring russet
12 feet from top; shale contains many Unio shells.... 34
3. Limestone, reddish brown, weathermg russet, contg,mmg

an abundance of clear caleite erystalS. e, 3
4. Shale, Greenish o iy 8
5. Limestone and vanegated shale; ]1mestone is in thin layers,
reddish brown, unchanged by weathering, with eal-
cite erystals a8 1B (8) . e 11
8, Limestone, fine grained, compact, containing small green-
ish particles resembling glaneonite................ romenrnens - 2
7. Bhale, variegated, red and pink, predominating............... 75
- Elis sandstone. ——
: 145

Another eomplete section southeast of Bridger shows the nature
of the formation in the southern part of the astate(91):

_ ‘ Feet
Shale, light colored i 13
Shale, reddish brown and maroon T
Shale, light . sandy . 16

Sandstone, light oolored fine to medium grained; weathers
yellowish, In placea massive and docally in beds from
1 foot to 1% foeet thick 26
Shale, variegated, commonly light colored. Has a thin
margon streak near the base and a dark-gray streak

near the top ... - . 26
Bandstone, single bed, very argillaceous. 14
Bhale, dark te reddmh brown; weathers reddish; exh1b1ts 1

foot of light shale near the top . 10
Sandstene, light colored 5
Bhale, variegated from light to reddish brown. ..o 13
Sandstone, light eolored 13
Shale, maroon; containg some interbbdded .sandstone; weath-

ers light ta yellowish brown 10

Shale, dark; weathers light. Greenish, 11ght brown a.nd drab
are common shades

. 149%

The Morrison is a comparatively thin formatien in this. state,
ranging from 60 to 120 feet in southern Cascade County to-150 feet
in Elk Basin. . It thickens to the south, and is nearly 600 feet thiek
along Shoshone River in northern Wyoming.

Fossils are very abundant in the formation in many places but
only a few have been collected from the outerops in this state. They
consist of plant remains, invertebrates, and bones of several verte-
brates, all .of which: denmote its terrestrial origin. None of them,

© (91) Emery, W. B, quojed by E. T. Hancock, U, 8. Geol. Survey Bull. 711.@,
p. 112, 1920.
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however, afford conclusive evidence of its iprecise position in the
_ stratigraphic. eohimm, . some.  geologlsts: csilling' it Comignehoan(92),
whereas others ‘comsider it as Jurassic(g.?») It sgems quite probable
that it 1s Iargely transnmnal but is. closely a.]hed to the Kootenai.

THE" J'URASSIG SYSTEM

Ellig formation.—The Ellis formatlon is the basal’ ' Mesozoic
formatmn throughouf the greater part of the plams provinge. Exeept
in a small ares in southern Carbon and Blghqrn eounties, where the
Chugwater, formation . (Eriassic). is present, it rests everywhere upon
sediments of late Paleozoic' age. In ‘places it overlies” the Madison
limestone ‘and the Quidrant formation’ with marked .angular eonform-
ity; for example, in the vicinity of Stockett, southeast of Great
Falls(94). Even where no unconformity is apparent the absence of
strata. that normally intérvene betweén .the Madison  and the Ellis
indieates a proriounced gap, or hiatus,. in the sedimentary record.

The areal distribution of the Ellis is similar to that of the Morri-
son and Kootenal except that ity outerop is more restricted  than
that of the latter. It occurs in narrow belts on’ thd flanks of the
several mountain uphfts and as long narrow emba.yments that extend
far down some of the marrow valleys on these slopes. The formation
is exposed along the ‘westérn margin of the plains in' Teton County,
and ‘surrounds the Judith, Big Snowy a,nd ‘Little Belt mountaing. On
some of these slopes the outerop varies in width from a small fraction
of a mile to several miles, Thé Ellis forms the central area of
several small domes in the vmnuty of - Lewistown. It is present onm
the flanks of the Bighorn and Pryor mountsins where it' passes into
the SBundance formation of Wyoming.. North of Missouri River it
appears at the surface in the Little Rocky and Bearpaw. mountains
and in the Sweetgrass Hills. Its subsurface distribution is unknown
but it probably is present- under the greater part of” the plains in
this state. -

The formatmn is composed of sandstone, sha,le, and . hmestone in
variable proportion, The following section illustrates its character
in the. Little Rocky Mountains(95):

_ . : Feet -
Sandstone, massive, whlte cross-hedded 50
‘Shale, “variegated .. : 50
Sandstone, yellowish and thinner bedded 160
Shale with interbedded gandstone and 1imestone................ 100
Limestone, thin bedded, shaly and calearecus shale................ 200
500

4

(92) Mook, C. C., A study of the Mornson Iormation Annals N, Y, "Acad. Sci.;
vol. 27, pp. 39 161, 19

(93) Schuchert, Ohnriea Bull. Geol. Soc. Am., vol. 20, 246 1918,

(94) Bee U, S Geol. Survey Baull. 856, Pls. 1 and VI,

(95) -Collier, A, J., Geo]ogy of northenstern Montamn"U B ‘Geol. Burvey Prof.
Paper 120-B, p. 25, 1918 .
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PLATE VII—ELLIS FORMATION.

Fossiliferous limestones exposed in a railroad cut 3 miles west of Forest Grove. The
thicker beds are overlain by thin-bedded calcerous shales.
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In the Bearpaw Mountains it consists of a fine-graired, dark
gray, highly fossiliferons limestone about 200 feet thick(96).

A gection south of Great Falls in T. 17 N, R. 4 E. shows the
common features for this region(97):

Feet

Sandstone, gray, weathering brown, thin bedded... .. 60
Sandstone, gray, conglomeratic, eontammg marine dJurassie

FOSBIIS oo e 29
Limestone, dove eolored, massive; basal member brecciated

and containing Jurassic fossils 60

149

In western Teton County the formation is composed mainly of
dark calcareous shales with a few thin irregular beds of sandstone and
limestone, ranging in ' thickness from 240 to 310 feet(98). In the
Lewistown distriet the E}is cousists ‘of thick, coarse-grained to con-

" -glomerate sandstones which alternate with thin limestones and red .

and green shales. The sandstones form prominent tam-colored eliffs
or ridges wherever well exposed. Bome of the strata contain eonsid-
erable gypsum, ‘The formation ranges in thickness here from 65 feet
on the morthedst slope of the Little Belt Mountmns to 440 feet in
the South Mocessin Mountains,

Bimitar features characterize the Sundance: formation along  the
northeast, flgnk of the Bighorn ' Range, as is shown by ‘this typlca]
section(99): .

. Feet.

Green to hrown ‘foasiliferous sa.ndﬂtonnn : - .8

Green sandy shale ..... .20
Alternating layers of green ard gray sandstonea, fossiliferous at

L1 SO -+ 25

Gr.ay sandy shale; red &t bage; coneealed above, prubabiy green... 115
Light-gray hmestone -oolite at’ bagse; thin bedded ‘above; fossilif-

arous . 15
Gray massive fosgiliferoud SANASLONES ...crireeeciiieemeieeesarssiomronn e 6
Thin-bedded ™ limestone . ‘ e 12
Gray sandy shale _ e B0
Magsive gray sandstone; very fossiliferous 10

266

' The Ellis formation is nearly everywhere rich in fossils at sev-

ergl hovizons, some beds being almost wholly composed of shells and

shell fragments. This feature is especially exhibited in a cut along
the Milwaukee Railway about 15 miles east. of -Lewistown. The
forms are all marine or brackish-water invertebra.tes, among which

(96) Bowen, C. F., The Cleveland coal field, Blaine County, Montana: U. 8,
Geol. Survey Bull. 381 PP. 51-52, 1909.

(97) _Fisher, C. A,, Geology of the Great Falls conl field, Montana: U. 8. Geol
Survey Bull 356 . 28 1609.

(98) Stebmger Eugene, 0il nnd as geologg af the Birch Creek Sun River
area, northwesiern Montana: U. 8. Geol. Survey Bull, 691-E, p, 155,

(99) Darton, N. H., Geology of the Bxghom Mountains: U. l Geol Survey
Prof. Paper 51, p. 45, 1906,

.

\

.
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Beleminites densus, a cigar-shaped shell, and Gryphaea calcaold, sn
oyster-like form, are most charitteristic. All the fossils indieate' the’
- late Jurassic’ age of the Ellis, It is thus stratigraphieally and faun-
ally the same #s the Sund‘anee formation of the Bighorn Mountains.

THE TRIASSIU BYSTEM

Chugwater formatlon.—The only roeks of Tnassm nge in the
plains provinee of Montana are contained in the Chugwater fo¥mation,
which extends northward from extensive exposures in Wyommg a8 &
narrow belt around the northern extremities of the Bighorn and szo:
mountaine. The name was. first applied to the section on Chugwater
Creek, near Iton Mountain, Wyoming(100). The formation is well
exposed in Bridger Canyon, southeast of Bridger, just south of the-
Billings-Cody highway, where it forms the core of a small antieline,
It erops out far down the long dip slope of Paleozoies at many other
places in both meountain -ranges. Typiecal features are likewise ex-
hibited 8 few miles south of Pryor, om the Crow Indian Reservation,
and in the eastern half of T. 6 8, R. 24 E. The formation also
erosses the state line along the east base of the Beartooth Range;
elsewhere it is not présent in Montana.

The Chugwater is aptly called the ‘‘Red Beds,’’ as it COHSIStS
mainly of bright to dark red sandstones and sandy to clayey shales,
These brilliantly eolored strata form conspichous ¢liffs and ledges
wherever exposed and-thus are an excellent horizon mserker. A fine
example 0f thia is the ‘‘red wall’’ in Bridger Canyon.  Several beds
of massive gypsum from 6-to 50 feet thick are present. in places. A
few thin limestonea are interbedded with the sandstones and shales.

A section in the eastern part of the Crow Reservation gives a
thickness of 632 feet for the formation. It heeomes thicker south of
the state line, and reaches a maximum of 1200 fest.

Fossils are very rare in the Chugwater and thus its age is rather
uncertain. Recent stratigraphic studies in the eastern part of Bighorn
Basin have led to fhe conclusion that the true Chugwater is probably
of Triassic age(101). B

COREELATION OF THE MESOZOIC

The succession amnd equivalency of the Mesozoic formations in
various parts of the Montana plains are shown by the correlation-
chart on page 66. The overlying Lance and the underlying Quadrant
and Madisor formations are alse inéluded. Seetions north of the

(100) Darton, N, Mparison of the stratlgr%) { of the Black Hills, -Big-
horélo'?dolu;tams snd Rocky qunt&m Front Range: 1. Geol. Soc. Am., vol. 15, -
P .

(101) Condlt, . g‘ Relation of the Embar and Chugwater formations In cen-
tral Wyoming: ol, Burvey Prof. Paper 98, pp, 263-270, 1916.
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QUADRANT FORMATION "7

'Canadian boundary, in northwestern Wyommg, and in -the northwest-,

‘ern part of the Black Hills are given for a comparison in order to T

show the relation of the formatmns in Montana to those in nmghbﬁr-
ing states. ¢
The section in Alberta is’ taken along the western margin of the
Great Plains, in the southern part of the provinee, and is based upon
work by- the Canadian Geological Survey. Several publications of the
United States Geological SBurvey supply the:datz for the seetioms in
- Montana. The Elk Basin section shows. the formations- for séveral
miles on both sides of the Montana-Wyoming boundary. - The forma-
tions below the Colorado are exposed along the soutliwest slope -of the
Pryor Mountains and the east base of the Beartooth Range. Tkhe
section in the Black Hills is taken from the Aladdin folio (No. 128)
and exhibits the formations that are present in southeastern Montana.

THE PALEOZOIC g

Formations of Paleozoic age crop {‘.'il‘t in the plains province only
where mountain-making forces have greatly unwarped the strata and
erogsion: has deeply dissected the uplifts. Good sections agre exposed
in several of the Rocky Mountain front ranges and the Little Belt
and Judith Mountains. The later Paleozoics also occupy the greater
part of the Bighorn, Pryor, and Big Snowy mountams and a |mall
area in each of the Sweetgrass Hills.

The only formations in this group -of immediate -interest to the
oil prospector are thosze of Carboniferous age, mainly the. Quadrant
formation, as the older formations are not oil-bearing in the Great
Piaing nor Ricky Mountains. In many of the anticlines the Quadrant
iz too deeply -buried to be economically accessible, but where reached
by the drill it offers some eneouragement for further exploration,
The lithelogy of some of the older formations, however, is of pertinent
interest in its possible: bearing upon the souree of the oil and gas that
oceur in yolnger formationms. . :

THE CARBONIFEROUS SYSTEM

Quadrant formation.—The Quadrant formation, which receives
its" name from the section in Quadrant Mountain in Yellowstone
Park(102), ig the youngest Paleozoic formation in this provinee. It
crops out extensively between® the prominent Madison limestone and
“the Ellis formation in several mountain uplifts, but is absent in some
localities. It is probably concedied over a broad aréa, but little is
.known of its distribution beneath the surface of the plains. The best
exposures of the Quadrant formation occur on the lower sloges of the
Little Belt and Big Snowy mountsing, in the southern part of the
Judith Mountaing, and t0 a less extent in tlie Little Rocky Mpun-

(102) Peale, A. C., U. 8. Geol, Survey Bull, 110, pp. 39-43, 1893,
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taing., The formation is also present in the various fyont rangss of
the Rocky Mountains. The Amsden and Tensleep formations, which
are approximately equivalent to the Quadrant formation, oceupy s
similar position in the Bighorn and Pryor mountains.

As deseribed by Weed ths, Quadrant in the Little Belt Mountaina
congists of basal reddish sandy clays and sandstone with some gypsum
"in a few places, overlain by several hundred feet of bright green and
gray shale with interbedded gray limestones(103). 1In this area the
férmation i commenly between 300 and 400 feet thick, but it is ze-
ported to be 1400 Ffeet thick on.Judith River above Utica. '

The following seetion ghows the character of the formation at the
east end of the range(104):

Jurassic; red shale. C o Fret .
1. Limestone, light gray, weathering almost white, fossilif- .
erous in upper portion 55
2. Shale, green, altermating with hmestone membel's near
top, beds partly concealed 105

3. Bandstone, white, soft, saccharaidal, basal members alter-
nating with llmestone layers, all weathering like

limestone 40
4, . Shale, red, containing an abundance of u'regular cherts;
beds partly coneealed . 225

Madigon limestone.

—

425
The Quadrant in this area contains many fossils in its upper

strata, all of which are marine invertebrate shells of either late Mis-
sissippian or early Pennsylva.man age.

Madisen limestone.—The Madison limestone wherever well
exposed is one of the most conspicuous formations of the region. Like
the Quadrant it is ‘exposed only in the mountain ranges, being present
in each of the uplifts of the plains province as wsll as in the front
ranges of the Rocky Mountains, :

It comsista of 1000 to 1500 or more feet of gray to bluish-gray,
thin-bedded to very massive, fine-grained limestone which contains
more or less chert and numerous fossils. In some areas the basal por-
tion is composed of shales and shaley limestome. The massive mem-
bers everywhere give rise to a rugged topography,—marrow box can-
yous and high steep eliffs and walls being common, In some of the
uphfts, as in the Little Rocky Mountains, it forms s striking en-
eircling girdle broken here and there by picturesque canyons.

The diversified marine invertebrate fauma of ths Madison indi-
cates its Mississippian age.

(108) Weed, W. H., Qeclogy of the Little Bolt Mountains, Montana: U’ 8.
Geol, Survey, Twentieth Ann. Rept.,, pt. 3, pp. 294-296, 1899,

(104) Calvert, W. R., Geology of the Lewistown coal field, Montana: . 8.
Geol, Survey BulL 3980, p. 16, 1999,
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OLDER FORMATIONS

Beneath the Madison limestone there 'is a thick series of alter-
nating shales and limestomes with few interbedded sandstones which
comprises the Devonian and Cambrian systems. Rocks of Silurian and
Ordovician age apparently are abzent except in the Bighorn and
Pryor mountains where strata of the latter age are present. These
earlier Paleozoic formations are well-exposed in the mountain ranges
in the vieinity of Lewistown. Only the Devonian formations, the
Jefferson limestone and the overlying Three Forks shale, are of in-
terest in. this report.. In the central part of the state they consist
of a few hundred feet of alternating limestones and shales, which are
commonly light- to dark-gray, brown, or black and emit a strongly -
fetid odor when freshly broken. Both the color and odor are due to
considerable finely diaeminatéd‘ ofgaﬁic matter. Fossils, however, are
rarely present. Some of the beds are more or less gandy, and a few
gsandstones as well as most of the limestones have a distinet saccharoi-
dal or granular texture. s :

Whether these beds are the source of some of the oil and gas of
the plains provinee iz unknown, but such an origin is not improbable.
If this be the case, the snb-surface distribution of these formations
is of great importance, but at present this is almost wholly conjec-
tural. BSince Devenian formations are exposed in all the mountain
ranges, it seems fairly certain that they underlie the intermediate
areas and much of the adjacent territory. Thus they probably ex-
tend far eastward beneath the younger formation of the plains, but
their eastern limit is unknown. '



'PART III

ECONOMIC GEOLOGY
BY

G. S. LAMBERT

COAL

‘Although this hulletin is particularly coneermed with the oil and
gas possibilities of Central and Eastern Montana, the value of the
coal regourced of .the area justifies & short description of the ecoal
deposits. Coal is known to oceur in the Kootenai, Eagle, Two Medi-
cine, Judith River, Lance, and Fort Union formations, ranging in
age, thereforg, from the, Lower Cretaceous, or Comanchean, to the.
Tertiary. In quality it ranges from brown, woody-fibered lignites.
in Eastern Montana to sub-bituminous and bituminous coals nearer the
mountain front. :

Kootenai coal—Kootenai (Comanchean) coal is found at a hari-
zon about 60 feet above the base of the formation in the Great Falls
and Lewistown areas, the former being the more important. The seam
is from 3 to 12 feet in thickness, is characteristically irregular, and
consists of alternating coal, elay, and bone ash beds(105). It is a
medium grade bitumincus coal but its value, especially in the Lewis-
town area, is greatly diminished by the inelusion of a large amount
of slate.

Eagle coal—Eagle (Cretaceous) c¢oal is mined in the Bridger and
adjacent fields, and in the Livingston, Trail Creek, Electrie, and
Stillwater Valley fields, all of which are located in the southwest-
central part of Montana. In northern and sastern Montana, the Eagle
formation is relatively barrem, although small seams of coal are re-
ported north of Black Butte in the vieinity of Deerfield, Fergus
County(106). The Eagle coal, which is found in the sandy beds over-
lying the massive Virgelle sandstone member, is bituminous, but the
geams are variable in thickness and most of them high in ash. Only

(105) Ficher, C. A., Geology of the Great Falls coal field: U, 8. Geol. Survey
Bull. No. 356, pp. 50-51, 1908,

(108) Bowen, C. F Coal hetween Musselshell and Judith, Montana: U. S.
Geol, Survey Bull. No. 541 H, p. 45, 1912. .



| €OALE : 71

that coal which has been crushed during deformation and converted
into a coking coal, can be profitably mimed.

Two, Medieine coal.—Two Medicine (Cretaceous) coal, correlated
with the Belly River coal of Canads, is.mapped only in the mnorth-
west central part of the state, axound the Sweetgrass Hills. It occura
at three horizens, at the base, 250 feet above the base, and at the
top of the formsation, FElsewhere there is coaly matter in. carbon-
aceous shales 2 to 5 feet thick(107). There is but little’ production
of Two Medicine ccal but it is medium grade bituminous and does
not weather materially and hence is a fair fuel when mined elean.

Judith River coal—The productive coal areas of the Judith River
(Cretaceous) formation, the equivalent of part of the Two Medicine
formation, are the Milk River, Cleveland, Big Sandy, and Judith
Basin fields, the first two being by far the most important. The most
extensive mining is at Havre in the Milk River field. The Milk River
and. Cleveland fields are situated, respectively, along Milk River, north
of the Bearpaw Mountains, and at the ecast end of the Bearpaw
Mountains.” The Big Sandy field is situated at the southwest end of
the Bearpaw Mountains and the Judith Basin field lies about 30-35
miles farther south. The coal occurs hetween 15-150 feet below the
top of the formation in lenticular seams which vary in thickness from
a fraction of an ihch to 9 feet(lOS) The coal-ig sub- b1tummous and
contains a large amount of impurities. . It has a low heat value, high
moisture and high volatile content, and disintegrates rapidly, hence
is "a poor railroad or shipping coal, but is a valuable producer gas
coal.

Lance coal—There is no coal being mined from the Lanee for-
mation, as nciapped by this survey, except for local household nse, as
- the formation contains only thm, unlmporta.nt lignite seams and ear-
bonaceons material.

Fort Union coal—The Fort Unien -(Tertiary) coal fields include
the well known Red Lodge-Bear Creek and Bull Mountain (Roundup)
coal fields, as ‘well as the extensive lignite fields of BEastern Montana.
These fields, if considered as bounded by the Lance-Fort Uniom con-
tact as shown on the aceompanying geologic map, total- abont 30,000
square miles in area.

Ths Fort Union formation eonsl.sts of alternating sandstones and
shales with numerous lignite and sub-bituminous coal seams, I+ has,
however, been determined by the U. 8. Geological Survey that -only
thoge seams which are 80-36 inches in thickmess ean be profitably
mined. Whereas, a great many seams do mot attain this thickness, at

(107) Stebinger, FEugene, Geclogy and coal resources, of northern Teéton
County, Montana: U. 8. Geol. Survey Bull. No. 621-K, p. 126, 1915,

(108) Pepperberg, L. 8., Milk River eoul field, Montana: U. 8. Geol. Survey
Bull No. 381-A, pp. 82-83, 1908 .
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_ lesat 10-15 weams do. It is reported that in the Bidney Lignite field,
situated in the extreme eastern part of the aiate, 980 feet of Fort
Union strata contains 49 feet of lignite in seams wvarying in thick-
nesg from 1 inoh to 21 feal. The ratle of ‘conl te the -sntire measures
is, therefore, 1:20, whareas, ‘the ratio in the Appalachian flolds is
about 1 :40(109).. Eleven o"f ‘the liguite seaws are sonsidered eeonomi-
cally )mportant

In the Bull Mountgin field in Cen’tral Mantana are 26 coal seams;
all of which are more than 1'foot in thivkness. Tn eontrast with the
typical woody-textured lignites of the more eaaterly’ Fort Union fields,
the coal .of the Bull Mountain and Red Lodge-Beoar Creek eoal fields
is sub-bituminous. This is undoubtedly due to the metamorphism of
the lignites during deformation of the Fort Union rocks of Centrgl
Montana, This coal may he shipped without sighifican‘t deterioration
and i3 good steaming ecoal, hence it has become important both as
domestic fuel and for use by the railroads. The mines in the Bull
Mountain and Red Lodge-Bear Creek fields are now the principal coal
producers of Montana, producing over 63% of all the coal mined in
the state. The production in the two digtricts during 1818 was 2 810,
196 tons(llO), and from information availgble at this time, it appears
that the 1919 produetion was equal to that of 1918(111).

The utilization of the vast reserves of lignite in the more eastern
fields constitutes one of Montana’s most interesting problems. Among
the economic pogsibilities are these: Briquetting of the lignite to fur-
nigh domestic fuel, burning of the lignite at the place of production to
generate electric power, and distilliing of the lignite into various com-
mereial produets such as producer gas and coel tars. Commereial
produets resulting from the distillation of coal are of increasing im-
portance and although-heretofore they have been derived almost en-
tirely from the by-products of coking plants, it is not improbable that,
in the near future, they will be obtained from lignite such as is found
in Montana. Among the more important products secured are creosote
oil, light oils, benzols, solvent naphthas, and heavy tars and piteh .
products. Theése furnish dye stuffs, various -chemicals and drugs,
tars  and pitches used in many industries, motor fuels, and raw ‘mate-
rizls used in the manufacture of exploswel

OIL AND GAR
Development
The search for oil and gas in Montana began in 1897 when four

shallow wells were drilled in -Carbon County, (Section 32, T, 6 8., B.
18 E). The next year a well was dri.lled in Blaine County, near

5109) Stebmger, Eusene, Sidney lignite field, Montsna: V.. 8. G—eol Suorvey
Bull, No. 471-D, Y 1912,
(116) Minera Resources of the U. 8., 1918, Part II, p, 760, ’
(111) Mineral Resources of the U. S, 1919, Advance poal data.
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Chinook.  In 1901 wells were drilled in Flathead Coumty, at the west-
ern edge of Glacier National Park, and in Beaverhead County, ten
miles south of Dillon. The rather desultory prospecting: whick Ffol-
lowed the failure of these first efforts carried the search into Teton
and Chouteau eounties. These first ventures lacked some of the es-
sentials that make for success, and in no instance was there any pro-
duction of oil or gas. :

Baker- Glendive (Cedar Creek) anticline.—The  first productmn of
gas in Montana was from Dawson County, near Glendive (T. 15 °N.,
R. 55 E.), when in 1913 a well owned jointly by the Consolidated 011
and Gas Co. and the Mid-West Oil Co. was drilled to a depth of 2345
feet, and at a depth of 840 feet gas was obtained, the estimated pro-
duction being 1,000,000 cubic feet per day(112), The drill began in
the Bearpaw shales on the Cedar Creek anticline, and probably went
through the Colorado formation. The producticn came mainly frem
the sand 840 feet deep and to a less extent from two other sands in
the same zone, which consmts of about 30 feet of a]ternatmg shales
and sands belonging to the Judith River formation.

Further development has proved three productive districts on the
Cedar Creek anticline, the Glendive (Cedar Creek) field, the Baker
field near Baker, Moutana, and the Cabin Creek field which is located
about lialf way between Baker and Glendive, Fourteen wella were
“drilled in the Glendive district, eight ¢f which were productive, The
gas is all used in Glendive for domestic and industrial purppses. Two
wells have been completed and capped in the Cabin Creek field, one
of them having an estimated productiom of 1,000,000 cubic feet daily.
There are four productive wells in the Baker distriect which supply
Baker with gas for domestic purposes and for the manufacture of
earbon black, the production. of whiek is estimated at 480 to 3500
pounds daily.

Havre district—Shortly after the discovery of gas at Glendive,
a large gas well was drilled at Havre, Montana, Two wells had been
drilled in 1914, which produced a little gas, but in July, 1915, a well
in the S8E1, Seetion 33, T. 33 N., R, 16 E., about 2 miles mrtheaat
of Havre, assured commercial production by coming in with an .esti-
mated flusk production of 10,000,000 cubic feet per day(113), This well
wag drowned shortly after by water from a rival well, but the com-
pletion of & fourth well with an initial production of 1,000,000 cubic
feet per day, partially made good the loss. This fourth well still
produces 230,000 cubie feet per day and with 500,000 cubie fegt. per
day from the ninth well, completed in 1921, furnishes the entire supply

(112) U. 8. Geol, Survey Min, Resoureces of the U. 8., Part II, Non-Metals,
1913, p.-1454. }
(113) TU. 8. Geol. Survey Min. Resources of the U. 8, Part II, .Non-Metals,
1915, p. 980. ;
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of the Havre distriet. The wells were begun in the Judith  Hiver
formation. and were drilled into the Eagle sandstome frem. whick: the
gas is. derived.

Wﬂaﬂ Hills ares.—Prospeeting neay’ the Mna Canadian

line was stimulated by the diseavery of gaif i Alberta and the area
between. the Sweelgrass Hille and the Tnternational Boundary, was
" the asite of eonsidergble sctivity im 1915-1916. The first well drilled,
. the Montana-Canadian Well No. 1, was started in the Two Medicine
formation, 200-300 feet above the Eagle sandstone, and at a depth .
of 1860 fwet T the basal Colorado sandstone, a flush production of
gas estimated at 4,060,880 cubie feet. per day was obtained(114). The
well was capped. Three other weélls ‘were drilled from two of which
only ‘‘shows’’ of gas and oil were found, but frem the third, known
a8 No. 4 well, which went to. a depth of 2085 feet, an estimated flusk
production of 600,000 cubic feet of gas per day was obtained at 187 -
feet, and 2 barrels of oil per day at 1955.7 feet. The casingh®were
pulled from the three wells drilled last and the field was abandoned,
but it is understood that tha presenj; season. will sea: furfher te|t1ng
of the regmn.

+  Elk Basin~—The first produwetive oit field ir  Montana was dis-
covered in 1915 when the Elk Basin weHs were d¥illed. The develop-
ment of the district was rapid and by the emnd of 1916 the peak pro-
duetion was reached, ten producing wells having been completed and
the limits of the field determined. The immediate effect was to turn.
attention to the Montana extension of Bighorn Basin. Wells were
drilled in various localities, but none were suceessful and the period
from 1916 to 1918 witnessed a marked decline in prospectmg

Present stage and development.—The recent revival of interest in
oil and gas began when the well drilled by the Tri-City and Van
Duzen Oil Companies in Seetion 28, T. § N, R. 21 E., on the Woman’s
Pocket anticline wemt through the red beds of the Kootenai formation
and found a little heavy. black oil in the underlying Quadrant sands.
Although there was no commercial production, the finding of oil was
the basis of a hope that production could be secured from the Quad-
rant in other places and in November, 1919, the Van Duzen ‘‘Diseovery
Well’”! in Devil’s Basin (See, 24, T. 11 N, B. 24 B.), found showings

- of oil in the Quadrant. It was not until the spring of 1920, however,
that commercial produetion of oil was really assured from other than
the Elk Basin field. Prospecting on the anticlines lying north of the
Devil’s Basin anticline resnlted in the diseovery of a “high grade
paraffin base oil in the Mosby dome. The Mosby structure is situated
on the Cat Creek antiecline, which extends from Black Butte (ome of
the Judith Mountain laceoliths) easterly and southeasterly beyond

(114) Billings, Paul, Personal communication.
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Musselshell River. Along the crest of the anticline are several up-
warps or domes, The largest upwarp situated at the east end of the
anticline is itself further subdivided into.three domes, called the ‘West
Mosby, Moaby, and. Bast- Mosby domes.

The first discovery along the Cat Creék anticline was made in
the Mosby  domie, ‘but  subsequent work has mot heen so suceessful
there as in ‘the: ‘West Moshy dome, where there has been a rapid and
successful deve}opme'nt By April 1, 1921, 27 wells had been com-
pleted in the West Mosby ‘dome and from 25 of them, including the
““Qiscovery®’ well, oil is being obtained, whereas during the same time
in the Moshy:dome i ‘only two wells has oil heen found.

The Colorado’shales are expesed in the Moshy field and oil occurs
at a depth of 1100 to 1300 fest in the basal Colorado and underlying
Kootenai sgnds, As. .yet-neo #il 'sand has heen found on the Cat Creek
anticline lower than the. Kootenai, although a well hds been drilled
part way through the Quadrant on the upwarp known as the Kootenai
dome, which lies about 24 miles west of the West Moshy dome.

The wella in the West Mosby dome have been brought in with
a uniformly high flugh production (reported as high as 2500 barreis
per day) but decreaae rapidly to a mueh lower settled production.
The flow is he]d in. tanks situated on the producing properties’ which
in turn are eonneeted with pipe lines running to Winnett, Montana,
a branch termma.l station on the Chicage, Milwaukee & Si. Paul Rail-
road, whengce the il ‘is shipped te Greybull, Wyoming, for refining.
A 2inch and a’ ‘humh pipe line have been laid from the field to
Winnett.

The latest 'discovei-y of oil in Montana was made in the Soap
Creek anticline, 28 miles south of Hardin on the Crow Indian Reser-
vation, The. atrueture is- & small parallel flexure on the northeast
flank of the. Bighorn. Mountain® uplift. The Colorado formation out-
erops at the surfaec(115) snd. the oil was found at 1642 feet in the
Quadrant sainids (equivalent to the Tensleep or Embar). The oil is
reported to be. a. heavy, blaek oil, comparable to that secured in the
Lander, Wyoming -field, from the Carboniferous beds, On account of
the lack of:{ransportation - facilities there is no production from this
well, although it is eshmated to be capable of producing 100 harrels
“per day. I

Deve]opmant work in' Montana is not confined to these producing
aress.  Hundreds of local ¢ompanies have been formed to praspect
for oil in many loeahhe&, and many larger il companies are en-
gaged in extensive exploration, The whole of the plains area of Mon-
tana is receiving attention and the development of the oil and gas
resources should be rapid.

{115) Billingsly, Panl, Personal communication.
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 Production,

The amountand value of gas and petroleum produced in Mon-
tana is shown by the following- tabulations which have been made
88 aecurate a8 possxble by consuli‘.mg all available data.

Gas.~There are three productwe gos fields in Montana: Glen-
dive, Havre, and Baker. The produection of each is mot shown separ-
ately but has been totaled to give the yearly production from Mon-
tana..

o Consumers [Wells Drilled
=
. J L]
£y | 8 s | 2 R
'y - 'S % ° B
x| 88| G% 2 AR I I A R L B
o >0 il - wry , ® . %
S| s & s & g VA L& Vel &p
1915] 5,555 $0.4500| $ 2,500.00 1 1 | 2 5
1918 213,315 .1821 98,855.00 737 8 [ $11
1917} 334,421 2434 81,406.00| 1216 12 2 3 1 13
1918] 177,039 .3510 83,148.00] 1198 ...coeeiformnn ]l SR PR §
1919|*240,000f No date | *110,000.00].... | ‘ *x
1920]*240,000] Na data | *100,000.00 oo oo [ I R | *
*Estimated.
Three ‘podnctive wells drilled in 1914,
Three wells not utilized,
No dats on drilling operations.

**Complete data laeking.

Petrolenm.—Until 1920 the total production of oil in Montana
came from Elk Basin but the production from the West Mosby dome
now overshadows that from the older field, totaling in 1920, 236,83214
barrels, at an average price of $3.10 per barrel, valued at $734,180.75.

Wells Drilled
[ T &
3 = 2|8 k] Reramrks:
o R’:‘a & ,g S
] -6":'-‘1 :Cq g 'g “5' E'-g
2] 22 g3 ] R B-ICRICH- !
B A T > At ml<E|Ba
I915] (] P [ A o] 4] Ol No,_ facilities for ship’g oil
1016} - 44,017] $0.98 44,019 1 2 0| B|Began shipping in June
1919 99,308  1.47 \ 1 1 7
1918 69,328 1.81 B
1919) *B4,000|No dits *170, 000
1910] *336,000{No data| *1,000,000]
*Estimated o : —

The Pprice of ernde Elk Bagin oil at the begmnmg of. 1919 was
$1.85 and was $2.25 at the close of 1919, but rose to about am average
of $3.00 dunng 1920.

Theoretlcs.l Considerations

A knowledge of the ccndltions controlling the aecumulatlon of 011
and gas is essential to am intelligent exploratiom of new oil and gas



78 MONTANA STATE BUREAU OF MINES AND METALLURGY

fields. The esgential conditions are: (1) a source of oil and gas, (2)
a porous stratum, known as a reservojr rock ip which the eil and gas
can zecumulate, (3) an impervious stratum, cgp ropck, sealing the
reservoir rock, so as to prevent .the escape of oll and gas, and (4)
an enelosed strueture into which the oil and gas may migrate from
adjoining areas to form pools. Other faetors or conditionk may also
affect the commerecial aecumulation. of oil and gas, sueh ak: the size
of the drainage area, the absence of water in the oil sands, the depth
of the oil sands, and the temperatures and pressures existing during
the diptillation of the-oil and gag.from their source. Following a dis-
cussion of the conditions enumerated, thejr apphcatlon to. the oil and
gas possibilities of Montana is taken up,

Source of oil and gas—Mineral oil, or petrolenm, and nabural gas
arc complex compounds of hydrogen and carbon, containing various
~impurities pueh as  sulphur, nitrogenous - sybstances, - and - ox.ldatlor_l
products. They are classified into spries -such ‘a4 -the ‘Methane or
paraffin base series. To. each series a gemeralized formula ean be
given, for example, ithat .of the Methane geries, CnH2n+42: The Weries
beging with Methane gas (CH4) and progresses according to the gen-
eralized formula, through the gaseous and liguid bitumens to the
s0lid(116). When found in underground reservoird,. the gaseous Dbitu-
mens form gis pools and the liquid bitumens oil pools: ’

0il and gas have their source either in the distillation of organic
material or in certam inorganic reactions, Belief in’ the inorganic
theory would lead one to sdek for oil and gas in areay -more greatly
deformed through mountain upliff or voleanic activity rather than in
such areas as are now, through a general belief in the organiec theory,
. considered promising. o ¢

There are three orgamic theories: (1) that oil and gas is derived
from animal remains; (2) that it .is derived from vegetal remains;
and (3) that it is derived from both . animal and vegetal remains.
The last theory, called the Engler-Hofer Dual theory(117), is most
generally accepted. The attempt to prove that oil and gas are derived
from coal on nccount of the similarity between petroleum and natural
gas and the distillation produets of coal, is refuted hy geologic evidence
which shows that the ¢il produding horizens in most'Fields are not the
coal horizons and are not in any way genetically connected with them.
Furthermore, 0il and gas dre generally associated with marine forma-
tions and salt water, whereas coal is associated with continental depos-
its and fresh or brackish- water. The part played by salt water in
the origin of petroleum is uncertain. Some authors hold that it is
essential as a preservative and precipitant, others hold that its pres-

(116) For details the writer is referred to Clarke, F, W, Data on Geol.-chem-
istry, U. 8, Geol: Survey Bwull. 695, or to variouns text hooks on (il Geology or
Chemistry. - . .

(117) Engler and Hofer, ‘‘Das Frdol.’’ Vol 2, pp. 59-142, 1909.
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ence is not necessaryv but only coineidental. 'The elimingtion of coal
forming and land plants as a souree of oil and the recegnition of
the association of ¢il and gas with marine sediments leads to the con-
clusion that plant and - animal remains, which are deposited with
marine sediments, are the source of oil and gas, These remains inelude
spores, sea weeds, and soft parts of animals that yield waxy, fatty,
gelatinous, and resinous products(118), and are ordinarily deposited
with muds to form black shales. Although oil and gas may result’
from baecterial aetion it is not until the black shales have been heavily
eovered by younger sediments which, with the covermg of salt water
serve to prevent the rapid destruction of the organic matter by oxida-
tion and to retain the produets of decomposition, that, through heat
and pressure, resulting from deep burial or deformation, cil is distilled
from the organie matter(119). The presence of petroliferous rocks
may be detected at the surface by the occcurrence of oil of gas seeps
or asphaltic residium or by actual outerops:of the patroliferous rocks,
which may be recognized by their color, odor, or by chemieal analysis.

Reservoir rock,—The formation of deposits of eommercial import-
ance requires the presemce of porous rocks in which the oil and gas
generated from the organie matter car accumulate.,” The amount of
oil and gas, and the ease with which it ean be secured, depends
directly upon thé number, size and shape of the pores. The most com-
mon reservoir rocks are sandstones, those having the largest capacity
consisting of loosely cemented, medium-sized, rounded quartz grains.
Other porous rocks in which oil and gas may be found are ' porous
limestones, fractured shales and vesicular lavas.

Sinee o0il and gas migrate upward, the reservoir rocks are found
above the source of the oil and gas. ' Therefore, the ideal reservoir
bed is situated above the petroliferous shales, which are the source
of the oil and gas. However, where the rocks have been folded into
anticlines with steeply dipping limbs, ¢il and gas may migrate upward
through cross fractures toward the crest of the antielines, and enter
porous beds, which normally oceur below the petroliferous shales, the
source of the oil, but which along the anticlines have been uplifted
above ‘the petroliferous shales on either side. Thus, in Montana and
Wyoming oil is derived from the Kootenai and Cleverly sandstones
which are stratigraphically lower than the Colorade shales, which are
probably the source of the oil.

. Cap rock.—A relatively impervious bed, usually: of shale, must
overlie the porous, reservoir bed in order te retain the oil and gas
in the reserveir rock. BEven a' slight leak may have completely .

{118) White, David, Late theories regarding the origin of oil: Bull. Geol. Soc
America, vol, 28, 778, 1017,

(119) White avid Qenetic problems affecting search for new 0il reglons:
Bull. 153, Am, Tnst. Mln Eng. 1919; and MeCoy, A, 'W., Notes on the principles
of oil accamulation: Jeurn. Geol,, vol.' 27, pp. 252-2564, 1919,
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drained the reservoir. Hence, where open fractures exist commercial
accumulations of oil and gas are unlikely. On the other hand, some’
good fields, notably the Elk Basin field of Wyoming and Mentana
have been greatly broken by faults, which must have been closed or
sealed by elay gouge, rock flow, or cementation.

Enclosed structires.—To prevent the farther migration’ of the
_oil and gas upward along the contact of the reservoir rock with its
cap rock, it is essential that the cap rock completely surronnd the
upper sides of the reservoir as well ag cap it, so as to form ‘an en-
closed reserveir. Enclosed reservoirs are formed in several ways as is
illustrated by figures 1 'to 6, plate IX. The various enelosed strue-

tures Or Teservoirs have been classified by F. G. Clapp(120) as fol-
lows:

Class I*Where anticlinal and synchna,l stmeture emsts.

{a} Btrong anticlines standing alone.

(b) 'Well defined anticlines alternating with synelines.

(c) Btruectural terraces.

(d) Local warpings on monoelinal dip. :

(e) Accumulations en monoclines, due to thmnmg out or change
. in texture of the sand.

(f) Broad geanticlinal folds.

(g) Overturned folds.

Class II—Quaquaversal structures.
(a) Anticlinal bulges, or “croas antmlmes P
(b) Baline domes.
(c) Voleanie necks.
(d) Perforated domes.

CLASS IIT—Joint eracks. g
(a) Joint cracks in. sedimentary rocks.
(b) Jeint cracks in crystalline rocks.

Class IV—Realed faults.

Class V—Oil sealed in by asphaltic deposits,
Olass VI—Contact of sedimentaries with crystalline rocks

Drainsge area.-—As a reservoir is assumed to draii all the sur-
rounding srea which is underlain by l.eds that slope upward to the
reserveir, the amount of oil and gas in any reservoir 14 controlled by
the Size of the drainage ares. Hence it is élear tliat other things
being equal that oil. field s most productzve which: has the largest
drainage area.

. Water in- ol gands.—It is uncertain what is the eause of the
migration . .of oil and gas from their seureée to the reserveir, but it is
. generally conceded to be due to the migration of water earrying oil
and gas with it, or.forcing the oil and gas ahead of it. The eom-
pacting of the petroliferous muds inte shales may force the water

9(120) _ Bacon, Hnmor,.’ and sthers; Amer. Pet. Industry, p. 48, McGraw-Hill,
1816, AR SRR . s
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.\\
Arter HAGER
R 2 5 Fig. 2. Illustration of ideal anti-
Fig 1.—Hypothetical cross-section clinal conditions, shsowing the occur-
of a Volcanic Neck in Mexico, showing rence of petroleum according to
the occurrence of petroleum according Class I.

to Sub-class II (c).

Affer HAGER

Fig. 4. Theoretical section, show-

Atter CLAPP ing the occurrence of petroleum ac-
cording to Class I. Note that the low-
Fig. 3. Ideal section of a lenticular er fold is non-productive, the oil hav-

sand, showing the occurrence of gas ing migrated up the slope.
and oil according to Sub-class I (e). .

After HAGER Atter CLAPP

Fig. 5. Theoretical section normal Fig. 6. Theoretical section of un-
to a fault plane, showing the occur- conformable contact of Arkose on
rence of petroleum according to Class Granite, showing the occurrence of
Iv. petroleum according to Class VI,

PLATE IX.—GEOLOGIC STRUCTURES FAVORABLE TO OIL AND GAS
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and oil and gas into the more porous beds that are not eompacted
so readily as the weaker muds(121), or az has been pointed out(122)
water may through its greater capillary attraction replace the oil and
gas in shales foreing the oil and gas into more porous beds.

Within the porowa beds of the reservoirs the mixtures or emul-
sions of -gas, oil and-water are separated and the various constituents
arrapged within the ‘reservoir aceordmg to their respective densmes;
the gas on tep, underlain by the oil, and that in turn underlain by
water, Where the oil sands are only partly saturated with water,
oil 'and gas may be found in the limbg of the enclosed structire and
in dry sands, as in places in the Appalachlan region, may be found
even 'in the troughs of the synclmes.

Depth of oil sa.nds.——Where, within the enelosed structure, erosion
has progressed to sueh an extent that the oil sands occur at the sur-
faee, the oil and gas which may have been in the sand would have
escaped.  In almost every oil distriet there are usually monuments, in
the shape of non-produetive wells, where drilling began at or below
the produetive horizon. At several places in Montana, even where
only the upper part of the Kootenai formmtion is expesed as in the’
Koontenai, Devil’s Basin end Shawmut domes, no oil has been
obtained from the Kootenai sandstones. ‘ '

.On the other hand, sinee the profitable extraqtmn of oil and
gas depends upon the cost or depth of drilling, - the ¢il ‘sands may bé
so deep as to preclude profitable development. Whereas wells have
been drilled to & depth.of aver 7000 feet, yet it is doubtful if
profitable wells can be drilled anywhere at the present time to
more than 5000 feect. Furthermore, since the per foot.cost of drilling
inereagses rapidly below a few hundred feet with increasing depth,
deep wells to be profitable must be large, long-lived producers, The
limit of profitable drilling is of eocurse subject to much variation,
depending upon such conditions as laber ecosts, efflmency of the drill,
character of the roeks, produetion and fife of the weils, and price of
crude oil. The limit in Montana or “even in Wyoming has not yet
been ‘definitely determined but is probably - not much greater than
3500 feet,

Physical conditions exist'ing dnring distill',ation;—lf is obvious
that the- charaeter and amount of the oil and gas in any region is
also dependent upon the physieal conditions, temperatures and pres-
sureé,‘existil‘lg during the distillation of oil and gas from their source,
since distillation results largely from heai and pressure. Becmuse the
character of a coal is also dependent largely upon the temperatures
ard pressures to which it has been subject, passing under their influ-

{121) Daly, M. R, The dmastrophlc theory: Bull, Am, Inst. Min. Eng.,, No.
115, pp. 1137-1157, 1919,

(122) MecCoy, A. W., Notes ¢n principles of oil accumulatlon Journ. Geol., vol.
27, pp. 252-262, 1919,
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ence from its initial stage of peat through lignite, sub-bitumineus and
bituminous coals and to the higher grade coals and.even to graphite,
White(123) has suggested the .use of the character. of the coals in
any region as an index or. gauge of the physical conditions. Coals are
classified aceording to the ratio, called the fuel ratio, of the amount
of fixed earbon to the amount of volatile matter they contain, or by
the percentage of fixed ecarbon in pure ash and -water-free-coal
Thus lignite tsually contains less than 50 per ‘cent fixed earbom, sub-
bituminous coal from 50 to 60 per .cont, bituminous eoal from 55 to
75 per cent, and the higher grade ‘coals more than 75 per ecent.
Detailed study by White as well as by Fuller(124) and Gardner(125)
in the Appalachian and Mid-Continent fields with a more gemeral study
of the other oil fields of the world has shown that although fields of
keavy oils oceur, as in the coastal plain of Texas, where the percentage
of fixed carbon is less than 50 per ceunt, in the principal fields of
medium oils like those of the Ohio-Indiana and Mid-Continent fields,
the amount of fixed carbon varies from 50 to 55 per cent and in the
principal fields of light oils and gas of the world, like the Appalachian
field, the amount of fized ecarbon varies from 55 to 60 per cent.
Where the amount of fixed carbon varies from 60 to .65 per cent,
- eommercial pools are rare, but the oil is exeeptionally high grade when
found; gas wells are common but are wusually isolated. Where the
amount of fixed carbon exceeds 70 per cent, oils, if present, will be
‘‘white oil’’ (approximately keroseme) in pockets too small to be of
eommercial importance though gas pockets may exist.

Although first advanced in 1915, praetically no exception to Dr.
White’s prineiple of the distribution of oil has been discovered.
Sinee the heat and pressure causing the devolatization of coals and
the distillation of oil and gases results largely from deformation, in
greatly deformed, mountain built regions, the ecarbonization of the
coals is usually above the 65 to 70 limit, or ‘‘dead line.”’ Although
a8 White(126) points out, the carbonization ratio applies only to areas
in which alteration is regional, that is caused by deformation, nat com-
iaet metamorphism resulting from the intrusion of igneous rock bodies,
yet igneous intrugsives such as oceur throughout the mountaing  of
Montana, although more local in their effeet bring about similar
changes to deformation. Furthermore, the escape of hot waters or
solutiona from the igneous intrusioms, usually fill the pores of the
adjoining rocka with mineral matter converting reservoir rocks into

(123) White, David, Some relations in origin' between coal and petroleum:
Wash, Acad, of Scl vol. 6, pp. 189-212, 8.

(124) Fuller, M, L., Relation of 011 to carbon. ratios of Pennsylvanisn coa's
in North Texsas: Econ. Gsology, vol. 14, pp. 536-542, 1919, and Carbom ratios in
‘Carhoniferons coals of Oklahoma, and their relation to petrolaum Eeon. Geology,
vol, 15, PP. 225-285, 1920,

(125) Géardner, J! H., The Mid-Continent oil field: Bull. Geol. Soc. America,
vol. 28, pp. 685- 720 1917,

126) ‘White, Dtvnd Genetic problems affecting seurch for new. oil regions:
Mlning and Metallurgy, "No. 158, Sec. 21, p. 7, Fsb.,
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firm, impervious rocks  such as quartzites, in whieh no  accumulation
of vil and gas can take place.

_Tn conclusion it is well to consider that owmg to the many
confhctmg or compensatmg conditions, many of them imperfectly
understeod, affecting the commercial aceumulation of oil and gas,
‘it is mot surprising that some concentrations of oil and. gas oecur
where, from all surface indications (especially where the productive
roeks are obsenred by.a mantle of younger, unconformable sediments)
the conditions are unfayorable, whereas, some areas that appear to
have the most favorable structure arc barren.”(127) '

Posmbihties of Oil ‘and Gas

'I’lus chapter on theposiibilities: of oil and. gas must serve as a
guide in detailed work rather than as a final report on any ared, as
the reconnaissance nature of the- field work precludes detailed dis-
cussions. As already noted, the possibilities will be discussed by ap-
plying. the theoretical conditions- presented in -the prevmns section, to
Montana, ¥ i

Sources of oil and g‘as.—’l‘he marine shales -of the Glaggett and
Bearpaw formations are‘the only rocks above the Colorado formation
which need to be considered as sources of oil and gas as the sedi- -
mentz of the Bagle, Judith River, Lance, and Fort Union formations
were deposit.ed, under littoral or econtinental econditions and are not
known to contain any black, bituminous shales. -Some such shales do
occur in the Claggett and Bearpaw formations and Hancoek(128) has
‘reported surface indieations of oil and gas in the vieinity of Hardin
and in the northwest corner of Yellowstone County. However, no
commercial amount has ever .been found and it is doubtful if either
the Bearpaw or Claggett shales can furnish any significant quantity
of oil or gas. Furthermore, to the west the shales grade into.alter-
nating sandstones and shales typical of near shore or litoral deposits.

The source of most of the oil and gas produced in Wyoming and
southern Alberta is generally conceded to be the black shales of the
lower portion of the Colorado formation. The uninterrupted eontinu-
ation of the Colorado formatior from Wyoming through Montana inte
Alberta has long been considered the most favorable indication that
Montang would produce oil, -Recent drilling has shown, however, that
in places the lower black shales are absent. Stebinger’s -field
work(129) in -the northwestern part of the plains area has shown
some of the Colorado shales to be petroliferous to such an extent that

(127) Hancock, B, T Geology md o] and gas prospeots of the Hnntley field,
‘Montana: U. 8. Geol, Surve: Ip 146, 1920,
© {128) Hancock, B, T., eology and oil and gas prospecta of the Huntley field,
Montgna: U, 8. Geol. Survey Bull 711-G, p. 144, 1920, and Geology and oil and
gas pros%ects of the Lake Basin field, Montana: U, S. Geol. Survey Bull 691-T3,
p. 126, 1918
(129) Stebmger, Eugene, 011 and geolo of -the Bireh Creek-Sun River
;rea,»ngorthwestem Montans: U. 8. Geo Survey ull 691-E, p, 157 and pp. 161-
64, 1918,

.
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they offer an unquestioned source for ecommercial quantities of petro:
leum. The madin petroliferons horizon seems to ‘be confined to* the
lower 150 feet of shales which overlie the Blackleaf sandy meémbar-
Collier(130) states’ of the Mowry member, ‘‘it seems almost" certaii
that the formation would yield oil if properly sampled and tested.’’
These reports from the narthwestern and northeastern parts of Ceéntral
and Eastern Montana, in connection with the faet that the major pro-
duction from Wyoming and the entire production from the Mosby
dome in Central Montana is from associated sands, indieate that the
COolorado formation and “in particnlar the Mowry member, is the
important source of oil and gas in Montana. In all places the oil
is a high grade light 0il with a paraffin base and in Central Montana
eonsists mamly of gasoline and kerosene.

Since - the Mesozoic sediments below the Colorado farmation
gre predominantly sands and shales of continental and near shore
origin it is donbtful that any petroliferons beds competent to serve as
sources of oil or gas will be found. Furthermore no oil or gas other
than that which has- mlgrated from other sources, have been digcov-
ered in these formations.

Two- possibie sources of oil and gas are found in the Paleozoie sedi-
ments, Although the more northerly exposures of the Quadrant forma-
tion in Central Montana do- not show a dominately. petroliferous zone,
yet some black shales which may have furnished oil and gas are found
and the more westerly and southerly oxposures are of a more favor-
able character. The phosphatie black shale member of the Quadrant,
‘which contains the oil shales of ‘southwestern Montana is reported to
thin to the eastward(131) and whereas the Qunadrant sands have not
yet furnished commereial produetion in Musseishell Valley, yet these
beds are productive in the: Soap Creck anticline. Along Mackenzie
River in Canada, numerous seeps of light te heavy asphaltie petro-
leums are found in the Devonian limestones. To the south, along
Athabasea River, these beds are overlain by Dakota sandstones which
are known as ‘‘tar sands’’ due to their saturation with asphaltie
bitumens which appear to have been derived from the umnderlying
limestones. Southward, in Montana, the Devonian beds are exposed
only in the western mountainous area but underlie at least a part
‘of the plaing -area. Peale(132) describes them as black magnesian
limestones ‘‘crowded with- Devonian fossils,”’ and - shales’ whieh in

places form carbonaccous phases of sufficient richness to form an
impure coal.

Reservoir rockﬂ.—Porous ‘beds which may serve as erservoirs are
k_nown at vanous horizons in the upper- Paleozom and Mesozoiec forma-

{130) Golller, Arthur J., The Bowdoin Dome, Montans, & possible reservmr of
oil or gas, U. 8 Geol. Survey Bull. 661-E, p. 199 1917,

(131) Condit, D; Dale, Oil shale m westem Montun.n, southeastern Idaho, and
adjacent parts of Wyoming and Utah: Geol Survey .Bull. 711-B, P. 20, 1919.

(182) " Pesle, A. C., Three Forks Foho U. 8. . 8., Polio 24, 1986.
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tions. The oil that might be generated in -the Paleozoiec sediments
finds suitable reservoir rocks in the Quadrant formation, correlated
with the Tensleep, Amsden, and Embar. formations in Wyoming. - The
most important reservoir roeks belong to the Comanchean and Cretaceous
series and serve as collecting sands for oil and gas derived from the
agsociated Colorado shales. "The present productive sands occur in the
Colorado and Kootenai formations underlying.the Colorado shales, in
the Eagle sands overlying the Colorado shales, and in the Judith River
formation overlying the Claggett shales. The Frontier sands, from
which most of the oil in Wyoming is obtained, are only loeally
developed in Montana and have mot yet proved to be pro-
ductive in Montana except in the Elk Basin dome. The basal Colo-
ragdo sandstone or ‘‘Rusty Beds’’ is the first of the three oil sands of
the Mosbhy district, and the first and second Kootenai sandstones are
the two lower sands. The production from the West Mosby dome is al-
most entirely from the upper sand, whereas the produetion from the
Moshy dome proper, or middle dome, is8 from the middle sand. Oil has
been obtained from the lowest sand in the Ten Spot well on the West
Mosby domé near the edge of the productwe area. The chances for
production from the two lower dands in the West Mosby dome -are
therefore favorable, '

The Hagle sandstones are productive of gas in the Havre distriet
but are not known to ‘contain oil. Since they are separated from the
basal petroliferous beds of the Colorado by 1500 to 2000 feet of clay
shales, which are not readily traversed by fractures open sufficiently
to allow the migration of oil through - them, it is doubtful if the
Eagle sandstones contain any significant amounts of oil anywhere in
Montana. Where traversed by large faults, as in the Havre distriet,
gas can doubtless migrate through the Colorado shales, and may ecol-
lect in the Eagle sandstones in eommereial quantities,

The Judith River sandstones also contain eommercial amounts of

- gas in the Cedar Creek anticline, but are still farther separated from
the gource of the oil and gas than the Eagle sandstones, and hence
are not likely to contain oil.” In faet it appears as if the Judith
River sands are productive of gas in the Cedar Creek anticline beeause
the Eagle or other sands are lacking between ths Judith River sands
and the source of the gas in tlie basal Coloradc shales. It would be
unwise, therefore, to prospect only the Judith River sands in those
areas also underlain by the Eagle sands.

Cap rocks.—Extensive thick beds of shale oeecur throughout the
sedimentary series of Central and Eastern Montana. Most of the
shales are weak and ineompetent and hence, will flow when under
the weight of only a few hundred feet of overlying sediments. There-
fore, although they may be broken by faults in many places, they may
still serve to ecap the underlying sandstones effectively.

Favorable structures.—With a  minor exception in southwest
Wyoming, the only structurés which have proved to be productive of
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oil in Montana or Wyoming are domes or enclosed anticlines, although
within these structures the aetual distribution of oil is controlled in
places by faults. The uplifts terminated on one side by faulis, to the
north and south of the Bearpaw mountains, contain gas but have not
yet been proved tc contain commercial amounts of oil, The major
structural features have already been deseribed(133% and are shown
and named on the accompanying struetural map, Whereas the possi-
bilities of oil and gas in each of the structures can not be discussed,
on aceount of the lack of detailed knowledge, yet the application of
the facts and thsoretical principles alreadv glven may be -considered
further, profitably.

Since, as already described, the principal sands, the basal .Colo-
rado and Kootenai, in which oil iy mow found in Montana oceur lower
in the geologic column than the principal souree of the oil, the Mowry
member of the Colorado, the most favorable structures are those with
steep limbs, affording a chamnce:for the oil t6 migrate upward through
cross fractures toward the crest of the fold. where the sands have
been uplifted above the petroliferons shales, Even in Wyoming where
the Frontier sands are well developed, no large oil fields have been
found except where the dipe exceed at least 10 degrees im places.
In Montana the folds of steep dips oceur chiefly in connection with-
the main Rocky Mountain uplift, the major axis of deformation of
Central Montana south of the Little Belt mountains; -and the synelinal
area between this axig and the main mountain eplift, the Big Snowy
Mountains anticlinorium, and in the north and south of the Bearpaw
Mountaing as well as in the Sweetgrass Hills, Bearpaw Mountains, and
Little ‘Rocky Mountain uplifts. - In the Sweetgrass arch, and west to
the area of greatly folded and  faulted rocks near the Lewis over-
thrust fanlt and in Eastern Montana the dips are usually .less than .5
degrees. -However, the western limb of the Cedar Creek anticline dips
at an average angle of 20 degrees. On the Sweetgrass arch, and the
Porcupine dome as well, a few minor uplifts or domes are reported,
and it is possible that some of them will have suffieiently eteep dips
to0 bhe worth testing. '

However, it must be borme in mind that in general where the
folds have the steepest dips they are close together and only a rela-
tively few enclosed anticlines and domes.with steep-dips have a guffi-
ciently large drainage to have collected commercial amounts of
oil and gas, It is deubtful if any of the folds within the main
mountain area, or even close to thie main mountain front, have a
sufficiently large . drainage. area, and doubtless this cause is one
of the reasons for the failure resulting from drilling in the Woman’s
Pocket and Shawmut anticlines, Big Coulee-Hailstone. dome and the
domes . on the Elk uplift, all situated along the axis of major folding‘
in Central Montana between the Bighorn and Little Belt and Big

(133) See pagee 18-24.
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Snowy mountains. This element in the problem should also be given
careful congideration in the ‘location of test wells on the faulted
struetures’ to the north and south .of the Bearpaw mountains.  On
the other hand, the domes along the north and south margins of the
Big Snowy anticlinorium, on the flanks of the Bighorn mountains,
and -‘in the gyneclinal area to the west, and in Eastern Montana
all have large drainage areas. :

Virtually all of the sandstones of Central and Bastern Montana
are saturated with water throughout their entire extent and although
one or two wells hiave been driven into dry sands, yet the chances are
that within nearly all the enclosed struetures of Central and Eastern
Montana, the sands contain sufficient water to have caused the
migration of oil and gas from the surroundlng drainage area to the
apex of the strueture,

In all of the mountain groups of Central Montana, with the excep-
tion of the western portion of the Bearpaw, and the Highwood -and
Crazy mountains which are largely -voleamic in character, Madison
limestone and older Paleozoie rocks and even igneous rock -cores
, are exposed. Hence, they eannot be considered favorable to the aceum-
ulation of oil and gas. Furthermore, in some of the otherwise fairly .
favorable structures, smeh as the Kootenai and Devil’s Basin domes
and the West and Middle domes of the Shawmut anticline, the
Kootenai formation is exposed and drilling has failed to secure oil
from the shallow Kootenai sands although some oil has been obtained
from -the much more deepiy buried Quadrant sands. )

The lowest rocks exposed in the structures of Eastern Montana,
and in several of the struetures of Central Montana, execept in the Por-
cupine dome and in northern extension of 'the Black Hills uplift -in
goutheastern Montana, -occur above the Colorado formation, There-
fore, to test the hasal Colorado and Kootenai sands, the highest known
oil horizons in Montana except the Frontier sand in the Elk Basin
dome,. it will be necessary to go  through the Colorado formation
which has a thickness of 1500 to 2200 feet. Where the Bearpaw
shales are the lowest exposed formation, as in several of the structures
of Eastern Montana, and a few in Central Mdntana, it will be neces-
sary to go through the additienal thickness of the Eagle, Claggett, and
Judith River formations amounting from 600 to more than 1200 feet.
Throughout Central and Eastern Montana, the base of the Colorado
formation is at least 2000 feet below the base of the Bearpaw shale
and in most places is mnearly 3000 feet or more, Where the Lance
formation is the lowest rock exposed, the Bearpaw shales must also
be penetrated so that the depth to the base of the Colorado will vary
from 3000 to more than 4000 feet. F&inee it iz doubtful if oil can
be produced at a profit in Montana from depths of more than 3500
feot, drilling for oil in struetures where the Lance is the lowest
exposed rock cannot be recommended at the present time and not
until further development has proved the existenee of oil in neigh-
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boring structures where the oil sands are shallower. (Fas, however,
may be sought at shallower depths, 1500 to 2000 feet less in the
Eagle sand, and 2000 to 2500 feet less in the Judith River sand.

On the accompanying index structnral map, the lowest exposed
formation is given with the name of the structure and also four sype
geologic sections, referring in particular to those parts of the state
where the corresponding figures are shown. Thus, by the nse of the
data given, a rough estimate of the depth of the various sands in any
. struéture may be made,

"There are an insufficient number of analyses of coal from care-
fully selected places to determine accurately the physieal conditions
under which oil and gas might have been distilled in various portions
of the state by plotting the carbom contents of the pure éoals. In
general the carbon content of the lignites of Eastern Montana is
slightly less than 50 per cent, hence, any oil which may be found in
Eastern Montana will probably be of a heavy charaeter. The earbon
content of the sub-bituminous coals of the western part of Eastern
Montana and the sub-bituminous and bituminous ecoals of Central
Montana, except close to the mountain uplifts, ranges from 50 to 60
per cent and hence represent ideal conditions for the distillation of
medium and high grade oils sueh as have already been found. Close
to the mountaing and in the eastern part of the Rocky Mountains the
carbon content of the bituminous coals .range from 60 to 72,5 per
cent, although in places, as in the Trail Creek field(134), the carbon
content may be as low as 53.5 per cent, and hence the region cannot
‘be considered as favorable in general o the oceurtence of oil in quan-
tity although some high grade oil and 'gas may be found. There are
virtually no analyses from which to judge the carbon content of coals,
hence the metamorphic conditions, existing well within the mountain
region, but in most places it would doubtless. exceed the ‘‘dead-line’’
of 70 per cent. ’

It cannot be denied that the results of drilling during 1920 and
the first half of 1921 have heen disappointing. Several structures
where apparently the surface indieations have been favorable have
not yet been proved to contain oil and possibly some have been
definitely disproved, and by Jumne 1st, 1921, only the Elk Basin dome,
the West and Middle Mosby domes, and the Seoap Creek dome, have
been proved to contain oil in profitable’ amounts. On the other
hand it can be said in all fairness that where eompetent examination
shows in Central or Eastern Montana an enclosed structure with steeply
dipping limbs, with a good drainage area, and with Judith River or
lower Cretaceous rocks exposed, there is ample Justification for a
- test well . .

(1'34) Calvert, W. R., The Livingsten and Trail Creek coal ficlds, Montana;
U. 8. Geol. Survey Ball 471E p. 402, 1912,
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