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PREFACE

This report on the coal resources of Montana is the first of
& series of State summary studies being undertaken by the Geo-
logical Survey as part of a program to reappraise the coal reserves
of the United Statea. The last estimate of coal reserves in the
Nation was made by M. R. Campbell of the Geologioal Survey in 1628
after a lifetime of work on the geology and distribution of coal.
Mr. Campbell's estimates have been extensively quoted and, with
minor revisions, have been presented at times by the Geologlcal
Survey and other agencles. Since 1928, estimates of coal reserves
in several States and in individual mining districts have been
made by State Surveys, but for most States-—and for the Natlon as
a whole-—no comprehensive reappraisal has been attempted.

The Geologlcal Survey has long been aware of the need for new
and revised summary information about the Nation's coal reserves,
and during the last 20 years many detailed fleld surveys have been
completed in anticipation of the opportunity of preparing new and
more accurate reserve estimates. As the first step in the reap-
praisel of the coal reserves in the United States, this report
presents & new provislional estimate of original reserves in Montana,
calculated by counties, by ranks of coal, by classes of coal ac-
cording to the rellabllity of the information on which the calcu-
lations were based, and by coal beds in different thickness groups.
It 18 belleved that this new estimate of Montana coal reserves,
which 1s based on a careful and conservative analysis of the data
avallable in the flles of the Geological Survey, will have greater
usefulness than earlier estimates,

WILLIAM BE. WRATHER,
Director.



INTRODUCTION

.The coal filelds of Montana cover ap-
proximately 51,300 square miles, or 35 per-
cent of the total area of the State. The
coal ranges in rank from lignite to bltumil-
nous, and locally, &s in the Electric and
Great Falls flelds, coal capable of producing
nonferrous metallurglcal coke occurs 1n small
quantities. The coal flelds are well dis-
tributed throughout most of the State, but
the great concentration of reserves 1s in
the Great Plains region east of the Rocky
Mountains, where the coal 1s of lignite and
sub-biltuminous rank.

The present report summarizes the re-
sults of a careful reappralsal of the cosal
reserves in Montana that was carried out as
part of the Interlor Department's program
for the development of the Mlssourl River
Basin. Like all estimates of coal reserves
made in the present state of lknowledge, 1t
1s provisional and subject to modifications
and Improvements. It does, however, provide
a more accurate estimate of the coal reserves
of Montana than has heretofore been avalla-
ble, and 1t presents the data more system-
atically and in greater detall than any
previous estimate. Thus 1t furnishes a sys-
tematic framework to which additions and
corrections can be made as other data are
obtained,

According to the present, provisional
estimate, the total original tonnage, before
mining, of coal of all ranks in Montana 1ls
222,046,940,000 short tons. This amount is
42 perncent less than previous estimates, all
of which are based on the work of M. R,
Campbell in 1928, As quoted in an estimate
published in 1943, Mr., Campbell reported an
original tonnage of coal of all ranks in
Montana of 381,114,000,000 tons.l/ The two
estimates are not directly comparable, forw
as will be shown-=they are based on somewhat
different assumptions. Nevertheless, it 1s
noteworthy that a modern, conservative
estimate of the total original reserves in
Montana should so closely approach the
earlier, more generous estimate,

. In the present report, .the coal is
classified according to the amount of meta-
morphism it has undergone. On this basis,
every coal occupies a fixed position in a
continuous natural series ranging from
lignite to anthracite. This position 1is
lmown as rank, as distinguished from grade
or purity, of the coal. The classification
used conforms to the standard specifications
for classiflcation of coals by rank of the
American Soclety for Testing Materlals 2/ as
reproduced on page 4.

Buch, J, W., Hendricks, T, A., and Toenges,
A, L,, Coal, in Minéral position of the United
Statest Hearings before a subcommittee of the Com—
mittee on Public lands, U. S, Senate, 80th Cong.,
lst sess,, pp. 231-235, May 15, 16, and 20, 1947,

American Soclety for Testing Materials,
Standard specifications for classification of coals
by rank, ( A. S. T. M, Designation: D 388-38): 1939
Book of A, S, T. M, Standards, pt, 3, pp. 1-6.

MONTANA CQAL FIELDS

The Montena coal fields are in the
Great Plains and Northern Rocky Mountain
provinces. The Great Plains province in-
cludes the large Fort Unlon region and its
subsidiaries, the Bull Mountaln and Garfield
County flelds, and also the North-central
region, which is composed of the Great Falls
and Lewlistown flelds, the area surrounding
the Bearpaw Mountains, and the Blackfeet-
Valler area, The Northern Rocky Mountain
province 1ncludes the Bridger, Silvertip,
Stillwater, Red Lodge, Electric, Livingston-
Trail Creek, Lombard, and Flathead flelds
and the Tertlary lake-bed deposits in the
southwestern part of the State. (See fig.l.)

The coal-bearing formations in Montana
are of Cretaceous and Tertiary age. The
Fort Union formation of Paleocene age con-
tains more than 90 percent of the total
coal reserves of the State and is the main
coal-bearing formation in the Fort Unlon
region, the Bull Mountain fileld, - the Gar-
field County field, and the Red Lodge field.
Other coal-bearing formations are the
Kootenal formation of Lower Cretaceous age;
the Eagle sandstone and the Judith River and
Hell Creek formatlions of Upper Cretaceous
age; the Tulloék formatlion of Paleocene age;
the Wasatch formation of Eocene age; and the
Kishenehn (?) formation, made up of lake-bed
deposits of Oligocene or Miocene age. The
accompanying diagram (fig. 2.) shows a gen-
eralized stratigraphic section of coal-
bearing rocks in Montana and indicates the
main producing formations in each field.
Further discussion of the stratigraphy 1s
contsined in the descriptions of the several
flelds.

In the Great Plains province, in the
eastern part of the State, the coal-bearing
rocks. generally are flat lylng or have been
little disturbed, and the coal 1s low in
rank, Near the North Dakota State line,
for example, the coal is classed as lignite.
In the Northern Rocky Mountain province,
the coal-bearing rocks lle in basins between
the mountain ranges and commonly exhibit
gentle to moderate dips. The coal beds in
these rocks range in rank from sub-
bituminous to bituminous. The Tertiary lake
beds, which are in small basins in the
mountain valleys of the southwestern part of
the State, are relatively so young that
metamorphlism of the coal has not progressed
beyond the rank of lignite.

Although detalls of the geology and
coal deposlts of much of Montana are im-
perfectly known, large areas have been
mapped and described in the Geological
Survey bulletins that are listed and indexed
in the selected bibliography on pages 24-26,
In addition, analyses of coal from many
parts of the State have been made by the.
Bureau of Mines.3/ Unless otherwise stated,
the information contalned in the following
paragraphs describing the various flelds
has been abstracted from these publications.

3/ es of Montana coals, U. S, Bur,
Mines Tech, Paper 529, 1932,



Legend: F.C. = Fixed Carbon.

CLASSIFICATION OF COALS BY RANK*®

V.M. = Volatile Matter.

Btu. = British thermal units.

Class

Group

Limits of Fixed Carbon or
Btu. Mineral-Matter-Free
Basis

Requisite Physical
Properties

I, Anthracitic

1. Meta-anthracite.................

2, Anthracite...........co00enenees

3. Semianthracite..... Ceeene cerians

Dry F.C., 98 per cent or more
| ry V.M., 2 per cent or
ess

Dry F.C.,92 per cent or more
and less than 98 per cent
(Dry V.M., 8 per cent or less,
and more than 2 per cent)

Dry F.C., 86 per cent or more
and less than 92 per cent
(Dry V.M., 14 per cent or
less and more than 8 per
cent)

Nonagglomerating®

II. Bituminous?

1. Low volatile bituminous coal....

2. Medium volatile bituminous coal.

3. High volatile 4 bituminous coal.

4. High volatile B bituminous coal.

“5. High volatile C bituminous coal.

Dry F.C., 78 per cent or more
and less than 86 per cent
(Dry V.M., 22 per cent or
less and more than 14 per
cent)

Dry F.C., 69 per cent or more
and less than 78 per cent
(Dry V.M., 31 per cent or
less and more than 22 per
cent)

Dry F.C., less than 69 per cent
(Dry V.M., more than 31 per
cent); and moist® Btu.,
14,000% or more

Moist® Btu., 13,000 or more
and less than 14,000®

Moist Btu., 11,000 or more
and less th;m 13,000

Either agglomgra.ting or
nonweathering:

1. Subbituminous 4 coal........... Moist Btu., 11,000 or more | Both weathering and
and less than 13,000° nonagglomerating
IIL. Subbituminous . 2. Subbituminous B coal........... Miaé:st tnixt;;'lgls.w or more and
3. Subbituminous C coal........... Moist Btu., 8300 or more and
less than 9500°
P 1. Lignite.............. P Moist Btu., less than 8300 Consolidated
IV. Lignitic 2.Browncoal. .....couvnvvvnnnin, Moist Btu., less than 8300 Unconsolidated

@ This classification does not include a few coals which haveunusual physical and chemical proEertics and which come
s.

within the limits of fixed carbon or Btu. of the high-volatile bituminous and subbituminous ran

All of these coals

either ¢ontain less than 48 per cent dry, mineral-matter-free fixed carbon or have more than 15,500 moist, mineral-matter-

free Btu.

If agglomerating, classify in low-volatile group of the bituminousclass. =
¢ Moist Btu. refers to coal containing its natural bed moisture but not including visible water on the surface of the

coal.

Itis recognized that there may be noncaking varieties in each group of the bituminous class.

¢ Coals having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified according to
fixed carbon, regardless of Btu.
There are three varieties of coal in the high-volatile C hijuminous coal group, namely, Variety 1, agglomerating

and nonweathering; Variety 2, agglomerating and weathering;

ariety 3, nonagglomerating and nonweathering.
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Fort Union region

The Fort Union reglon includes most of
eastern Montana and contains the greater
part of the coal reserves. Most of the coal
in this region occurs in the Fort Union
formation of Paleocene age, but a few thin
beds are present also in the basal part of
the overlylng Wasatch formation, in the
underlying Tullock formation, and near the
top of the Hell Creek formation. The Fort
Unlon formatlion consists of altermating beds
of sandstone, shale, and coal approximately
1,500 feet thick., The formation 1is divided
on the basls of lithologic differences into
an upper, or Tongue River, member, consisting
meinly of sandstone, and a lower member, the
Lebo shale, Near the North Dakota.border
the Lebo shale member is not recognized, and
rocks occurring at the same stratigraphic
positlion are known as the Ludlow formation.,
The Tongue River member, which is the chief
coal-bearing member of the Fort Union for-
mation, 1s about 1,100 feet thick in the
eastern part of the State and tends to
become progressively thicker to the weat and
south, This increase 1s accompanied by an
increase in the number and thickness of the
coal beds. In the western and southern parts
of the region, for example, as many as 20
coal beds' are present, some of which are as
much as 40 feet thick,

Coal deposits underlie the entire Fort
Union region, but the beds generally are
discontinuous, and they may vary greatly in
thickness, so that correlations of individual
beds between flelds are difficult to estab-
1lish, This is particularly true in the
northeastern and north-central part of the
State where the cover of- glaclial drift has
obscured most of the natural outcrops.

The rank of the coal in the Fort Union
region increases progressively westward from
lignite near the North Dakota 8tate line to
sub=bituminous C coal west of Miles City and
sub=-bituminous B farther west in southern
Rosebud and eastern Big Horn Counties. This
change 1s very gradual, and the rate of
change varles somewhat in different beds.
Because of thls gradual change and because
of the preclse analytical data necessary to
classify coals by rank,4/ many more analyses
than are avallable at present would be re-
quired to establish the exact position of
the boundary between lignite and sub-
bituminous cosl, The line on the accompa-
nying mep (fig. 1), however, shows the ap-
proximate position based on avallable
analyses, of this boundary., It should be
noted that although the coal near the North
Dakota State line may have heat values of
less than 7,000 B. t. u. on the as-received
basis and coal from the area around Colstrip,
Rosebud County, may contain more than 9,000
B. t. u. on the same basis, there 1s little
significant difference between coal of the
two ranks near the boundary line.

B —————

American Society for Testing Materials,
Standard specifications for classification of coals
by rank, (A. S. T. M. Designation: D 388-38): 1939
Book of A. S. T. M. Standards, pt. 3, pp. 1-6.

As the heat value of the coal increases
westward, the moisture content decreases.
The lignite in eastern Montana, for example,
has a maximum moisture content of 43 percent,
whereas farther west near Colstrip the coal
has a moisture content of only about 25 per-
cent. The percentage of impuritles shows
much less variation. Throughout the Fort
Union region the ash content of the coal
ranges from 5 to 10 percent and the sulfur
content from 0.3 to 1.7 percent. It should
be noted, however, that most of the analyses
show sulfur contents ranging typlcally from
0.5 to 1,0 percent,

The coal in the Fort Union region tends
to burn spontaneously when exposed to the
atmosphere. In the southern part of the
region, where no protecting cover of glaclal
drift was deposited and where the coal-
bearing rocka are dissected, burned and
clinkered outcrops are & characteristic
feature, Some of the higher beds in this
part of the reglon have been almost com-
pletely destroyed by burnling.

As the Fort Union region is large and
the coal beds and stratigraphy of the coal-
bearing rocks vary in different parts of the
region, it is divided for the purpose of
discussion into two areas--an eastern,
lignite-bearing area and a western, sub-
bituminous coal bearing area as previously
defined.

Liﬁnite area.—The lignite-bearing area
of the For on region 1s made up of the
following fields, named from nearby towns or
well-known localities and described for the
most part in Geologlcal Survey bulletins
under titles bearing the same names: the
Ekalaka, Baker, Terry, Glendlve, Mizpsh,
S8idney, Richey-Lambert, McCone County, Fort
Peck Indian Reservatlion, Scobey, and Cul-
bertson flelds and the eastern parts of the
Miles City and Little Sheep Mountain flelds.
(See fig. 3.)

Most of the coal in the lignite-bearing
area of the Fort Union reglon 1s contalned
in the Tongue River member of the Fort Union
formation; subordinate amounts:-are present,
however, in the Lebo shale member of the Fort
Union and in both the Tullock and Hell Creek
formations. The Tongue River member is 1,000
to 1,500 feet thick throughout most of the
lignite-bearing area and is composed prima-
rily of light-gray to tan sandstone, massive
and thin-bedded, contalning interbedded
shale and coal. Many of the coal beds 1n the
Tongue River member are relatively free from
partings and are thick and continuous over
large areas. In the Glendive field, in
Dawson and Wibaux Counties, a bed 4 feet or
more thick is lmown to be generally present
for a distance of more than 150 miles along
the outcrop. In the Sldney fleld, in east
Dawson, north Wibsux, and south Richland
Counties, bed H is recorded as belng continu-
ous, with an average thickness of 4.7 feet
over long distances. Besldes these and other
thick beds, there are many thinner, less
persistent seams in both the Glendive and
Sidney fields. In the northern Scobey and
Culbertson filelds, in Danliels and Sheridan
Counties, the beds are somewhat thinner, and
less is known about the continulty of the
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outcrops. This 1s due partly to difficulty
in tracing outcrops vecause of the concealing
cover of glaclal drift.

‘In the western part of the lignite-
bearing area, in the Miles City and Little
Sheep Mountain fields, the beds generally
are discontinuous, and many are ‘thin or
contain too many partings to be mined profit-
ablz. These fields are in the transitional
belt between the lignite-bearing area and
the sub-bituminous coal bearing area,
Locally the upper beds in the transitional
belt are more lignitic then the lower ones.

The lignite-bearing part of the Fort
Unlon region contains many small wagon mines,
most of which are abandoned as soon as
mining has progressed a short distance from
the outorop. modest total production for
looal use 1s obtained from these mines each
vear (see table 5), but because of the
difficulty of shipping and storing lignite
no large-scale mining operations are carried
on.

Sub-bitum%ug coal aresa.,—The sub-
bituminous coal bearing part of the Fort
Union region includes the Forsyth, Rosebud,
Ashland,Sheridan (northward extension),
Pullock Creek, Crow Indlan Reservation,
3irney-Broadus, and Moorhead fields and the
nestern parts of the Miles City and Little
Sheep Mountain fields. (See fig. 3.)

As in the eastern part of the Fort Union
reglon, the Tongue River member of the Fort
Jnion formation contains most of the coal in
the sub-bituminous coal bearing area., Where’
the complete section of the formation is
exposed in thls area, it ranges from asbout
1,500 to 1,700 feet in thiclmess and may
contain as many as 20 coal beds.

. The Forsyth fleld, in central Rosebud
County, contains several thick persistent
beds of coal relatively free from partings.
The most valuable of these is the Rosebud
bed, which is mined by the Northwestern
Improvement Co. at Colstrip, where the bed is
485 feet above the base of the Tongue River
member of the Fort Union formation and
averages 28 feet in thickness. The coal is
mined on a large scale by stripping approxi-
mately 50 feet of overburden of weathered
sandstone and alluvium. A representative
sample of coal from the Rosebud bed at this
mine, analyzed on the as-received basis, had
& heat value of 9090 B, t. u., with ash and
sulfur contents of 7.3 and 0.7 percent, re-
spectively, Another valuable bed in the
fleld 1s the Burley bed, 130 feet above the
base of the Tongue River member, which
averages about 3 feet in thickness in the
west-central part of the fileld.

In the Rosebud field, in Rosebud and
Custer Counties, the Burley bed, which is
correlated with the bed of that name in the
Forsyth and Ashland flelds, contains the
most ' coal. The Burley bed has a -thickness
range of 2 inches to 8.5 feet in the Rosebud
field and contains clean coal of good
quality. The Rosebud bed, which also 1is
present in this fileld, attains a thickness of
more than 20 feet but crops out over a
smaller area than the Burley bed and has been
rembved in part by burning.

The Ashlend coal fleld, in parts of
Custer, Rosebud, and Powder River Counties,
is aouth of the Rosebud field and east of the
Forayth fleld. Many townships in this field
contain five to eight coal beds with average
thicknesses of more than 6 feet, and outcrops
of coal beds 10 feet thick are common. Beds
20 to 25 feet thick occur in several lo=-
calities and are continuous, as well as con=-
sistent in thiclkness throughout areas of
several square miles. In general, the cosl
beds are remarkably free from partings.
Cropping out along the Tongue River, which
cuts across the center of the field, are the
Knoblock bed, 300 feet above the base of the
Tongue River member of the Fort Union for-
mation; the Sawyer bved, 600 feet above the
base; and the B bed, 875 feet above the base.
These intervals decrease eastward as the
lower half of the Tongue River member becomes
thinner,

In the northward extension of the
Bheridan field, which 4s south of the Ashland
field, the Anderson bed attains a meximum
thickness of 25 feet and in several places is
measured as 20 feet thick. Except where
‘burned at the outerop, this is the thickest
and most persistent bed in the field. The
Dietz bed 1s commerolsally valuable in the
southern half of the field, where 1t averages
between 8 and 12 feet in thiclmess. Other
thick beds are the Canyon and the Wall.

The Tullock Creek coal fileld is in
southern Treasure and northern Big Horn
Counties east of the junction of the Big Horn
and Yellowstone Rivers, Most of the coal in
this field is contained in the Tongue River
member of the Fort Union formation, but
subordinate amounts are present in the
Tullock formation. The coal in the Tongue
‘River member occurs in six beds ranging from
1 foot to 24 feet in thickness. In the four
thickest beds, designated M, P, Q, and R in
published reports, the coal is in thick
benches unbroken by partings. All the beds,
however, are commonly burned at the outcrops.
Coal beds more than 18 inches but less than
5 feet thick are present locally at 10
horizons in the Tullock formetion. The
Tullock Creek field is undeveloped except for
small wagon mines,

In the eastern part of the Crow Indian
Reservation fleld, in Big Horn County, as in
the Tullock Creek field, most of the coal 1s
in the Tongue River member of the Fort Unlon
formation. About 20 beds of minable thick-
ness have been mapped in this area, and some
of great lateral extent have been tenta-
tively correlated with beds farther east in
the northward extension of the Sheridan coal
field. Coal occurs also in the Cloverly,
Parkman, Bearpaw, Hell COreek, Tullock, and
Wasatch formations in the Crow Indian Reser-
vation fleld, but the beds are of amall
extent and are generally too thin and impure
to be of commerclal value.

The Birney-Broadus and Moorhead fields,
lying predominantly in Powder River County
in the southeastern part of the State, con-
tain meny thick continuous coal beds, and
the concentration of coal in these areas 1s
greater than in any other part of Montana.
Detalled surveys of these flelds have
recently been completed by the Geological



Survey, and preparation of maps showing the
position of the coal beds and correlations
with beds in adjoining filelds is now in
progress, The calculation of coal reserves
in these areas has been completed, however,
end the results, as shown in the accompanying
tables, give Powder River County 19.5 percent
of the total reserves of the State as com-
pared to 19.6 percent for Big Horn County and
17.5 percent for Rosebud County. It is
clear, therefore, that most of the coal in
Montana 1s concentrated in the southern part
of the Fort Union region.

Garfield County fleld

The Garfield County fleld is west of the
Fort Unlon region. Most of the coal in this
field occurs in the Hell Creek formation of
Upper Cretaceous age and in the Tullock for=-
mation of Tertiary (Paleocene) age, In the
southern part of the field, a small amount of
coal 1s present in the Tongue River member of
the Fort Union formation. The coal is of
sub=bituminous C rank over the greater part
of the field 'and, as compared to that in
other fields in eastern Montana, is thin and
relatively unimportant,

In the northern part of the fleld,
minable coal occurs in two beds., Bed A,
which is 40 to 80 feet below the top of the
Hell Creek formation, averages about 4,5 feet
in thickness and contains the best coal in
the field. Bed B, at the base of the over-
lying Tullock formation 1s generally thinner,
softer, and higher in ash than bed A. In
the southern part of the fleld, no minsble
coal 1s present in the Hell Creek and Tullock
formaetions. There is a coal bed, however, at
the base of the Tongue River member of the
Fort Union. This bed is very thin, ranging
from a few inches to 30 inches in thickness.

The beds in the Garfield County field,
as in the Fort Union region, are nearly flat
lying, The axls of the Blood Creek syncline
trends eastward through the center of Gar-
fleld County, and the beds on either side dip
toward 1t at angles. of less than 1°.

Bull Mountain field

The Bull Mountaln fleld is mainly in
Musselshell and Yellowstone Counties but
extends into Golden Valley, Stillwsater,
Treasure, and Rosebud Counties. (See fig. 1)
The coal-bearing rocks in the fleld are the
Tongue River member of the Fort Union for-
mation and, to & lesser extent, the under=
lying Lebo shale member and the Tullock for-
mation. The coal is of sub-bltuminous B and
sub-bituminous A ranks. ’

The Tongue River member of the Fort
Union, which 1s the main coal-bearing unit in
the field, 1s sbout 1,700 feet thick and con-
tains 26 persistent coal beds in addition to
many thin and lenticular beds, Most of the
commer¢ial mining is in the Roundup bed,
which crops out in the northern and north-
western part of the fleld. In the vicinity
of Roundup this bed 1s 500 feet above the
base of the Tongue River member and ranges
in thickness from 4 to 6 feet. This thick-
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ness decreases to the east, gradually at
first and then sharply, until at a point
sbout 12 miles from Roundup it measures

only 1.6 feet. A representative analysis,

on the as-received basis, of coal taken from
this bed shows a heat value of 11,000

B. t. u., and ash and sulfur contents of 7.5
and 0.4 percent, respectively. The Carpenter
Creek bed, which i1s about 50 feet below the
Roundup bed, is commercilally important in the
northeastern part of the field, where it '
ranges in thiclmess from 4 to 8 feet, An
analysis of a typical sample of coal from
this bed, on the as-recelved basis, shows

e heat value of 10,170 B. t. u, and ash and
sulfur contents of 4.3 and 1.3 percent,
respectively.

Coal was actively mined from these beds
in 1940 by the Bair Collins Co., the Jeffries
Coal Mining Co., the Republic Coal Oo., and -
the Roundup Coal Mining Co. , .

The Lebo shale member of the Fort Union
formation contains, for the most part, only
carbonaceous shale in the Bull Mountain
field, The Blg Dirty coal bed, which ocours
near the middle of the member, ranges in
thiclkness from 2 to 24 feet, but although it
is a prominent marker in the field, it cone-
tains only 2 inches to 1 foot of ciean coal,
Economically this bed 1s unimportant. Most
of the beds in the Tullock formation are
thin, and only one, the Homestead, 1s of
minable thickness. In a prospect in T. 10 X.,
R. 27 E., the total thickness of coal in the
Homestead bed 1s 2,9 feet. An analysis of
coal from this bed, on the as-recelved basis
shows a heat value of 10,420 B. t. u. and asﬁ
and sulfur contents of 4,2 and 0.9 percent,
respectively. .

Most of the central part of the Bull
Mountain field is a broad, shallow synclina)
basin, the axis of which trends generally '
northwestward. The beds dip gently at angles
of 1° to 5° toward the center of the basin
but are flatter to the east and socuth of the
axis and steeper. to the north. Most of the
coal 1n the Bull Mountain field is in this
broad central part of the basin where the
rocks are undisturbed and the dips are low.
Toward the northwest the dips steepen to as.
much as 30°, and the coal-bearing rocks form
two sharply accentuated, northwest-trending
synclinal folds, separated by an equally
sharp anticlinal fold from which the coal=-
bearing rocks have been removed by erosion.

North-central region

The North-central region includes all
the coal-bearing lands in the north-central
part of the State, For discussion in this
paper, this region has been subdivided into
three parts: in the south, the Great Falls.
and Lewistown fields; in the north and east,
an area surrounding the Bearpaw Mountains;
and in the west, the Blackfeet-Valler area,
which 1s separated from the main part of the
North-central region by the Sweetgrass arch,
e prominant struttural feature that trends
southward through Toole, Pondera, and Teton
Counties. The coal in the North-central
region ranges in age from Lower Cretaceous
through Tertiary (Paleocene) and, in rank,



from bituminous to sub-bituminous. In con=~
trast to the Fort Unlon region in the
eastern part of Montana, where a great pro-
portion of the land 1s underlain by minable
coal, the North-central region contains only
scattered areas where coal of minable thick-
ness has been found.

eat Falls and Lewistown fields.,--The
Great Falls an ewlstown flelds are located
in Cascade, Judith Basin, and Fergus
Counties. The Great Falls field extends east
from the Missourl River near Great Falls for
a distance of 60 miles along the base of the
Little Belt Mountains to a point east of
Stanford where it merges with the Lewlstown
field in Judith Basin and Fergus Counties,
The two flelds are contimuous, and both con=-
tain coal in the Kootenal formation of Lower
Cretaceous &ge, The co&l ococurs in a zone
about 60 to 80 fest above the base of the
formation and 1s of high volatile B and C
bituminous rank. The roofs of the mines in
these two fields usually consist of 1 foot
or 2 fest of dark shale overlain by 80 feet
of massive gray sandstone, which serves as a
distinctive marker for the coal horizon,
Below the coal are soft greenish shales,

In the Great Falls field, the Kootenai
formation has & thickness of 475 feet and
consists mainly of alternating beds of sand-
stone and shale, The coal does not ocour in
a continuous horizon of workable coal but is
found in three basins of deposition called
the Sand Coulee, Otter Creek, and Sage Creek
districts, which together cover a minimum
area of 334 square miles,

The Sand Coulee district is by far the
largest and most important of the three. It
1s directly south of Great Falls and includes
the area dralned by the Sand Coulee and its
tributaries. At the town of Belt, in the
northeastern part of the district, the
average total thickness of the coal is 4.6
feet, whereas at Sand Coulee the average
total thickness 1s 8.6 feet and along Smith
River it 1s 7.5 feet, At Belt Creek the coal
1s 1n three benches, the lower and upper of
which are about equal in thiclmess and much
thicker than the middle one, In Sand Coulee
the coal 1s 1n two benches, the upper one of
which 1s much thicker than the lower.

Above the top bench at Sand Coulee, however,
are two higher beds of coal with a maximum
total thiclkness of 5.7 feet., At Smith River
the coal beds are simlilar in thickness and
dlstribution to those near Sand Coulee.

The Otter Creek district is about 45
mlles east of Great Falls, extending along
both sides of Otter Creek for a dlstance of
about 10 miles. Only one coal bed, which
ranges from 3 to 6 feet in total thickness,
is present in the district. Generally the
coal in this bed is separated by a bony
parting into two benches, the lower of which
1s usually the thicker and has the better-
quality coal. On the whole, the coal bed 1is
thickest in the center of the district and
thins to the sides,

The Sage Creek district, which is in.
the eastern part of the Great Falls field a
few mlles south of Stanford, contains only

11

one coal bed, which ranges in total thiclk-
ness, including partings, from 6 to 18 feet.
The total thickness of coal present in this
bed ranges from 2.5 feet to 7 feet and
usually occurs in three benches, The lowest
bench 1s 2 feet thick and 1s regarded as the
best.

A typical sample of coal from this
field, analyzed on the as-recelved basls,
shows & heat value of 10,120 B. t. u. and
ash and sulfur contents of 18,1 and 1.7
percent, respectively.

Certain benches of the coal possess
coking properties, and the Anaconda Mining
Co. formerly operated coke ovens at Belt,
The ovens were abandoned, however, because
of the difficulty and expense of separating
coking from noncoking ooal.

The rocks in the Great Falls field dip
gently northward away from the 1ittle Belt
Mountains at angles of 3° to 5°, except in a
narrow area at the foot of the mountains
where dips may be as much &s 10° or 18°,

Low undulations interrupt the regional dip,
and minor faults with displacements of 5 'to
20 feet are present throughout the field. A
few basalt dikes that do not cut the coal
beds have also been observed, None of these
features has caused more than slight incon-
venience in mining. '

The Lewistown fileld extends southwest
from the vicinity of Lewlstown along the
narth slopes of the Blg Snowy and Little
Belt Mountains and joins the Great Falls
field., The Kootenal formation, which con-
tains the coal in the Lewlstown fileld,
averages 500 feet in thiclmess in the vi-
cinity of Lewlistown as compared to 475 feet
in the Great Falls field. The coal beds 1n
the Lewistown field are not continuous but
ars broken by nonproductive zones of carbo-
naceous shale. The most important of the
productive areas are the Buffalo Creek dis-
trict, on the north slope of the Little Belt
Mountalns; the Rock Creek district, on the
north slope of the Blg Snowy Mountains; the
Lewistown district, on Big Spring Creek north
of Lewlistown; and the MacDonald Creek dis-
trict, on the east edge of the field south of
the Judith Mountalins., The MacDonald Creek
district 1s the largest and best developed
in the Lewistown field.

Where coal 1s mined In the Lewlstown
field, the beds range in thickmess from 2.5
feet to 8 feet and usually occur in two or
more benches, with partings of bone and
shale, as in the Great Falls fleld. The
coals of the two flelds are very simllar in
composition except that in the Lewlstown
field the ash content 1s lower, averaging
about 8 percent, whereas the relatively high
sulfur content averages over 4 percent,

The structure is simple in that part
of the Lewistown field adjoining the Great
Falls field, where the beds dip to ths north
at low angles away from the Little Belt and
Big Snowy Mountains, Farther east, the beds
are arched and faulted locally and are
intruded by laccollths assoclated with the
Judith and Moccasin Mountains,



Area surrounding the Bearfaw nggn-
tains.--North of the Ureat Falls and Lewis-
town fields is an ares of approximately .
10,5Q0 square miles underlain by essentially
flet=lying, coal-bearing rocks. It includes
all of Hill County and parts of Toole,
Liberty, Choutesu, Fergus, and Blaine
Counties., Because of the cover of glacial
arift, which extends over most of this ares,
determination of the extent of coal beds has
been difficult, Coal occurs in the Eagle
sandstone and Judith River formation of
Upper Cretaceous age and locally in the Fort
Union formation of Tertiary (Paleocene) age.
Coal of sub-bituminous A and B ranks and
locally, near intrusives, of high volatile
C and B bituminous ranks occurs sporadically
throughout the area. In most places, how-
ever, the coal is too thin and lenticular to
allow commercial operationa.

In northern Chouteau County, at the Big
Sandy mine, coal of sub-bituminous rank
occurs in minable thickneasses in a small,
downfaulted area that has preserved beds of
Fort Union age. Other thin, lenticular cosal
beds are present in the Judith River for-
mation and the Eagle sandstone.

The Milk River fleld, which is farther
north in Hill and Blaine Counties, contains
coal of sub-bltuminous rank in the upper
part of the Judith River formation. Mining
has been carried on in this field at Havre
and Chlnook on the Great Northern Railroad,
both of which supply small, local demands
for fuel, The coal bed at Havre, in Hill
County, ranges from 2.5 to 6,7 feet in thick-
ness, but much of the bed 1s impure and con-
tains ,partings of bone and shale, At
Chinook, to the east in Blaine County, the
coal 1s of essentlially the same thickness
and character.

Farther west, in western Hill and
eastern Liberty Countles, the Judith River
formation contains coal in thin, lenticular
beds in a zone about 200 feet from the base
of the formation. The thickness of these
beds 1s generally about 1 foot to 1.5 feet,
although locally it exceeds 3 feet,

In northwest Liberty and northeast
Toole Countles, analyses show the coal to be
locally of high volatile B bituminous rank.
This 1s probably due to alteration of the
beds by igneous intrusions in this part of
the fleld. No beds of minable thickness
have been mapped here,

Except for a few minor undulations, the
rocks in the area surrounding the Bearpaw
Mountains dip gently northeastward to east-
ward from the crest of the Sweetgrass arch.
Several thrust faults, together with a few
Intrusive igneous masses, break the con-
tinuity of the beds, but in areas where
mining has been carrled on these have caused
little difficulty.

Blackfeet-Valler area.—The Blackfeet-
Valier area begins in Cascade County ap-
proximately 30 mlles south of Choutesu and
extends north in a belt 6 to 16 miles wide
through Teton, Pondera, and Glacler Counties
to the Canadian border. The name has been

12

taken from two small fields that are in
Pondera and Glacier Counties. The coal in
the Blackfeet-Valier area occurs in the Two
Medicine and 8t. Mary River formations of
Upper Cretaceous ages The Two Medicine for-
mation is correlated with the Claggett and
Judith River formations of eastern and oen-
tral Montana, and the St. Mary River fore
mation is correlated with the Hell Creek and
Tullock formations., The coal in the Black-
feet-Valier area ocours at five horizons,
three in the Two Medicine formation and two
in the 8t. Mary River formation, but through-
out most of the area it is thin, bony, and
sporadic in distribution, On the basis of
avallable analyses, the coal is of high
volatile O and B b{tuminous ranks.

Coal has been mined to the greatest
extent from the Valier field in Pondera
County where the beds are nearly flat lying.
There, clean coal about 20 inches thick,
including & 2-inch parting, has been taken
from the upper bed of the Two Medicine for=
mation. The Blackfeet fileld to the north-
weat in the Blackfeet Indian Reservation in
Glacier County contains minable coal at the
base of the 3t. Mary River formatlion. Very
little mining has been done in thils fleld
because steeply dipping strata, together
with thrust fasults, carry the coal below
minable depths within short distances from
the outcrops. Clean coal 1s present with a
maximum thickness of 3.5 feet.

The Blackfeet-Valler area can be
divided into two parts on the basis of
differences 1n the structure of the rocks,
In the eastern part, which includes the
Vallier fleld and comprises about two-thirds
of the total area, the beds dip gently
westward at angles ranging from nearly hori-
zontal to 5°, In the western part of the
area, which includes the Blackfeet fleld,
the beds are asteeply dipping, folded, and
broken by thrust faults. R

Bridger and Silvertip fields

The Bridger and Silvertip flelds are in
the south-central part of Montana in eastern
Carbon County., The two flelds are part of a
larger area of coal-bearing rocks that is a
northward extension of the Bighorn Basin
region of Wyoming. The coal in each of the
two flelds 1s of high volatile C bituminous
rank, It occurs in the Eagle sandstone,
which conslasts of several masslive sandstone
members, individually about 35 to 75 feet
thick, separated by carbonaceous shale.
Three diacontinuous beds of coal are found in
the shale zones.

. .Bridger field.——Although the three coal
horizons mentioned above are all present in
the Bridger field, coal of workable thick-

“ness 1s present at omly .gne horizon in any

one locality.

Coal has been mined near Jollet,
Fromburg, and Bridger. Near Jollet, in the
northern part of the Bridger fleld, a
section measured in the Barret mine shows
2.5 feet of coal in two benches, with a
sandstone roof and a shale floor. Farther



south, near Fromburg, approximately the same
relationships prevail. At Bridger the coal
is thicker, ranging from 4 to 6 feet in
thickness, and usually occurs ln two or three
benches separated by bone and shale partings.
South of Bridger the coal thins again; the
southernmost exposure of workable coal is in
T. 9 8., R. 24 E., where 1t 1s 2.5 feet thick
with a 6-inch parting of shale near the top.
-An analysis on the as-recelved basls, of

coal near Bridger shows & heat value of
10,040 B. t. u. and ash and sulfur oontentsa
of 13.4 and 0.3 percent, respectively.

The occal of the Bridger fleld crops
out along the eastern edge of a southwest~
dipping monocline that forms part of the
east side of the Bighorn Basin of Wyoming.
The dips in the fleld range from 2° to 20°.
Faults, generally trending at right les
to the strike of the coal beds, ocsotur in
nearly all parts of the field but, as a rule,
do not interfere with mining. A notable
example 1s a large fault, about 4 miles
north of Bridger, where the coal beds have
been offset horizontally nearly £ miles.

%ilvortig field.~The Sllvertip field is
& sma ocoal-bearing area south of the
Bridger field at the Montana-Wyoming border.
The coal-bearing formation, as In the
Brldger field, 1s the Eagle sandstone, which
is brought to the surface at this point by
the Silvertlp anticline, an elliptical
atructure 8 miles long and 4 miles wide,
Three coal beds, which probably correspond

to the beds in the Bridger field, are present
in the Silvertip field. The lower bed is not
workable, but coal is mined from the upper
two. The total thickness of coal in the
middle bed ranges from 1 foot to 5 feet, and
that in the upper bed from 3.3 to 5.5 feet,
The coal beds dip away from the axis of the
anticline at anglea of 15° to 20° SW.and

22° to 45° NE. Many northeast-trending
normal faults are present,

Stillwater field

Another small fleld that contains coal
in the BEagle sandstone 1s the Stillwater
fleld in the valley of the 8tillwater River
in Stillwater County. Here the Bagle sand-
stone is 300 feet thick, with coal present in
one bed near the top of the formation.
Analyses show the coal to be of high volatile
C and B bituminous ranks. The coal generally
occurs in three benches separated by bone,
shale, and sandstone partings. The total
thickness of coal in the section of coal-
bearing rocks ranges from 4 to 5 feet., The
dig of the coal beds at the outecrop is about
10 A short distance from the outcrop,
however, an incréase in angle of dip carries
the coal to considerable depths. An analy-
sis, on the as-received basis, of coal from
this field shows & heat value of 10,130 .

B. t. u. and ash and sulfur contents of 18,7
and 0.5 percent, respectively.

The Red Lodge field

The Red Lodge fileld is at the foot of
the Beartooth Mountains in Carbon County
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about 20 miles west of the Bridger and
Silvertip flelds. Unllike these fields,
however, the coal in the Red Lodge field
occura in the Fort Unlon formation of Terti-
ary (Paleocene) age, .which is several
thousand feet higher stratigraphically than
the coal-bearlng Eagle sandstone of the
Bridger and Silvertip flelds.

The Fort Union formation in the Red
lodge field is composed mainly of sandstone
and shale and is believed to be about 5,000
feet thiok. It contains in 1ts upper third
a coal-bearing zone 825 feet thick between
an upper and & lower barren member. The
coal 1s tentatively assigned to the high
volatile 0 bituminous rank on the basis of
its apparent reslstance to weathering.
Mining has been carried on at the towns of
Red Lodge and Bear Oreek. In the vioinity
of Red Lodge, eight beds of coal known as
Nos, 1, 1%, 2, 8, 4, , 5, and 8 have been
w:r:od. oncerning these beds, Woodmff 5/
states:

"+eobed No. 1 contains 7 feet of coal overlaln

by carbonaceous shale and underlaln by 4 to
6 inches of shale above sandstone. Bed No.
1% contains 5 feet of bright coal with many
thin partings and has a sandstone roof and
shale floor. Bed No. 2 contalns 8 feet of
coal in six benches, with partings of shale
one-half to 1 inoch thiok. It rests upon
shale and 1s covered by sandstone. Bed No.
3 contains 10 feet of dirty coal.... Bed No.
4 has 10 feet of good coal occurring in
three benches, with a parting 1 inch thick
23 inches below the top. This bed is under-
lain by sandstone and covered by gray shale,
Bed No. 4% 1s composed of 3% feet of coal
which occurs in several benches and has shal
both above and below.... Bed No. 5 contains
12 feet 1 inch of coal in four benches, with
partings one-half to 2 inches thick, and 1lie
between beds of hard shale. Bed No., 6 shows
4 feet 11 inches of coal in a single bench,
with both roof and floor composed of sand-~
stone, The coal below bed No., 6 ... is
placed in one group because the interval
between the beds i1s not sufficlent to allow
sny one coal to be mined without disturbing
those above.

Most of the coal mined has been obtained
from beds Nos, 2, 3, and 4.

The coal beds in the Red Lcdge field
thin in & southwesterly direction and
apparently coincide with & shallow basin of
deposition. They dip gently but irregularly
from the outcrop on the east side of the
field to the southwest. At the town of Red,
Lodge the dip is 18°, decreasing toward the
southeast to 9° in the western part of the
Bear Creek district and to 3° a short
distance farther aocuth. The coal beds are
terminated to the west by the Beartooth
Mountain fault, whose eastern side 1s down-
thrown 500 to 600 feet. The coal beds are
believed to continue to the northwest, but
in this direction the Fort Union formation
passes beneath a cover of alluvium and gravel
and camnot be observed. The coal-bearing
rocks have been cut at a few places by small
igneous intrusions, which, however, have not
interfered with mining.

Woodruff, E, G., The Red Lodge coal field,
Montana: U, S, Geol, Survey Bull, 341, p. 99, 1909,



A typical analysis, on the as-received
basis, of coal from bed No. 4 at Red Lodge,
shows & heet value of 10,330 B, t. u. and
ash and sulfur contents of 12.7 and 1.3
percent, respectively.

Blectric fileld

The Electric fileld, which is in southern
Park County in south-central Montana, covers
an area of less than 20 square miles, of
which only about 3 square mlles can be con-
sldered to be underlain by minable coal. The
coal in this fleld occurs in rocks of Upper
Cretaceous age that are designated as the
Montena group, undifferentlated. These
sediments, whlch are about 1,000 feet thick,
probably are equlvalent, at least in part, to
the Eagle sandstone, but this correlation has
not been firmly established. Three beds of
coal, each ranging in thiclkness from 3 to 5
feet, including thin partlngs of clay and
sandstone, are present in a stratigraphic
interval of 300 feet in the Montana group.
Only the uppermost of these three beds has
been mined extensively.

The Blectric fileld is in a fault blook
that has been depressed several thousand feet
in relation to the surrounding rocks. The
rocks 1n the block are highly folded and
faulted, and the coal, which 1s believed to
be deeply buried in much of the region, is
exposed at the surface in two small synglinal
areas. These are known as the Aldridge
dlstrict, in the northern part of the fault
block and the Electric district, in the
southeastern part. In both these districts
the coal beds dlp steeply from a minimum of
about 24° to nearly vertical and are broken
by numerous minor faults. Igneous intrusions
also gre present in the area, but few have
been encountered in mining.’

The coal in the Electric field 1s higher
in renk than most bituminous coal in the West
and ranges, Iin general, from high volatile A.
bituminous to low volatile bituminous,
according to the amount of deformation it has
undergone. An analysis, on the as-received
basis, of & typlcal sample of coal from the
area shows 11,410 B. t. u. and ash and sulfur
contents of 19.5 and 1.3 percent, respec-
tively,

The cosl in the Electric fileld, particu-
larly that in the uppermost bed, has coking
quallitles, and most of the coal mined from
the field in the past was used for the
manufacture of coke. This coke was used for
a time at the smelters at Anaconda and Butte;
it was reported to be of good quality but so
high in ash that the operators were unable
to meet smelter requirements for coke con-
taining less than 18 percent ash.

Livingston-Trail Creek field

The Livingston-Trail Creek coal fleld
forms a narrow Y-shaped belt that extends
across three townships for a distance of
approximately 22 miles in Gallatin and Park
Countles,

The coal-bearing formation in the field
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is maede up dominantly of sandstone beds
totaling 750 to 900 feet in thiclkness at the
base of the Montana group of Upper Cretaceous
age, This unit probably is equivalent to the
Eagle sandstone, which 1s the basal formation
of the Montana group at most localities in
the State., Coal of workable thickness occurs
in three or four beds ranging from 2 to 5
feet in thickness. 8everal partings of clay,
shale, or bone separate the coal into benches
that at most places contain 1 foot to 3 feet
of coal.

The coal beds 1n this area are on the
steeply dipping flanks of antlclinal folds
and locally are broken by faults. Because
the rocks have dlps that normally range be-
tween 40° and 85° and in some places &are
vertical or overturned, the coal 1s too
deeply buried a short distance from the out-
crops to be mlned profitably. Locally the
coal has been crushed by differential move=-
ments in the overlying and underlylng beds.

The coal in the Livingston-Trall COreek
field varies in rank according to the amount
of deformatlon 1t has undergone, but in
general it 1s of high volatile A, B, or C
bituminous rank. An analysis, on the as-
received basls, of a typloal sample of coal
from the fleld shows 10,950 B. t. u. and ash
and sulfur contents of 8.5 and 0.8 percent,
respectively.

In the past, coal mined from several
parts of this fleld has been used for the
manufacture of coke, and at one time 100
beehive ovens were in operation at Cokedale.

Lombard field

The Lombard coal field is in Broadwater
and northern Gallatin Counties. Coal is
present over an area of about 6 square mlles
between the towns of Toston and Lombard.

The coal, which typically 1s of high volatlle
A or medium volatlle bltuminous rank, has
coking properties, but because of 1ts high
ash and sulfur content it hgs never been
mined for the commercial production of coke.
An analysis of coal on the as-received basis
shows 10,060 B. t. u, and ash and sulfur con-
tents of 29.7 and 8.2 percent, respectlvely.

The coal beds in the Lombard field have
been much distorted and dlsturbed by shearing
and squeezing, so that the coal occurs 1ln
pockets and lenses. Parts of some beds that
were mined in the past, however, were as
much as 6 feet thick. Because of the dis-
tortlion and shearing, the coal has been
metamorphosed differentially and locally may
be graphitic.8/

Flathead fleld

The Flathead fleld covers about 180
square miles along the North Fork Flathead
River in northern Flathead County. The coal
in this field occurs in the Kishenehn (%)
formation, which is of lake-bed origin, of
Tertiary f01igocene or Mlocene) age. The

6/ Stebinger, E,, The coal fields of Montana:
Am, Inst, Min, Eng, Trans. /1913 _/, wl, &6,
P. 910, 1914,



coal is of sub~bituminous B rank.

The coal id of less than minable thick-
ness throughout most of the field, but a
compéasite bed made up of several benches,
the thickest of which is about 3 feet, occurs
in the region of the 0ld BEmerson mine.
typical analysis, on the as-received basis,
of mined coal from the area shows 8,120
B. t. u. and ash and sulfur contents of 185.4
and 2,9 percent, respectively.

The coal~bearing rocks in the Flathead
field 1lle in a down-faulted block, and the
coal beds dig steeply to the northeast at
angles of 40° or more,

Tertiary lake beds

The lake-bed deposits of Tertiary
(0ligocene or Miccene) age, which occur in
many parts of southwestern Montana, contaln
local deposits of lignite. The areal extent
of these deposits is uncertain, and no
attempt has been made to show them on the
index map (fig.l). Areas where lignite has
" been mined or prospected, however, have been
indicated on the index map by crosses, The
lignite beds are known to be lenticular in
shape and variable in thiockness, and they
probably occur at different stratigraphic
horizons.

Lignite has been mined at localities
near Missoula and Drummond, where it is
present in beds ranging in thiclmess from 5
to 25 feet. Many of these beds contain bone
end clay partings, which separate the lignite
into benches. A typical analysis, on the as-
recelved basis, of & sample of lignite from
this region shows 6,727 B. t. u. and ash and
sulfur contents of 19.9 and 0.9 percent,
respectively.

The Tertiary lake beds have been some-
what deformed since their deposition;
typlcally they lie in broad, shallow syn-
clines or monoclines. In general, the lake
beds near the margins of the deposits dip at
nmoderate angles toward the centers, but
locally they are interrupted by minor faults.

MONTANA COAL RESERVES

In preparing the accompanying estimate
of Montana coal reserves, published and
unpublished detailed geologlc reports in the
files of the Geological Survey, publications
of the Montana State Bureau of Mines and
Geology, and similar sources were analyzed,
Much additional information is believed to
be avallable In the flles of nmining and
drilling companies, rallroads, and private
individuals, and this information ultimstely
will be sollicited and incorporated in subse-
quent estimates, The present provisional
estimate, howevern, indicates the correct
extent of the reserves on the basis of the
assumptlons stated and 1s presented now to
ald those interested in the development of
Montana resources.

For the present estimate 1t was
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necessary to establish and define several
categories of coal according to the rank,

the reliability of the data available, and
the thickness of the beds. As a large amount
of information is available concerning the
nature and thickness of coal at the outecrop
in Montana, and as relatively little mining
and development have been carried on, it was
necessary also to devise a method of limiting
the assumed extent of each coal bed at depth.
These and other similar factors that entered
into the preparation of the reserve figures
are discussed in the followlng paragraphs.

The rank of the coal was determined
according to the standard specifications of
the American Soclety for Testing Materials
as presented in the introductory pages of
this report, and separate calculations were
made for lignite, sub~biltuminous coal, and
bituminous coal.,

The assumed area of each coal bed was
determined in several ways. If the conti-
mity of a bed was well established by maps
of the outorop, mine workings, or drill
holes, the entire area of occcurrence was
included even though points of information
were widelz spaced, Similarly, a continuous
bed extending around a basin or spur was
considered to underlie the area enclosed b
the line of outorop. For all other beds tge
length of outcrop, within chosen thickness
1limits, was considered to establish the
presence of coal in a semicircular area ex-
tending from the outcrop and having a radius
equal to half the length of the line of out-
crop. Where the information consisted of an
isolateéd mine working, the coal bed was con-
sidered to extend beyond the working in an
arc with a radius of 1 mile. Where the
information consisted of data from an iso-
lated drill hole too far removed to be 1in-
corporated with other established coal areas,
the coal bed was considered to extend in a
circle with a radius of half a mile around
the hole. Coal in the narrow weathered zone
at the outcrop was included in the assumed
areas of coal occurrence, as was also coal
under roads, raillroads, and the like. How-
ever, all known areas of burned coal were
excluded.

Two classes of coal, based on the relia-
bility and quentity of the information
available for making reserve estimates, were
established,

The 'class termed "measured and indi-
cated® reserves includes coal for which
positive information about thickness and ex-
tent was available from surveys of the out-
crop, mine workings, and drill records. The
extent of such coal underground was limited
everywhere, however, by a line drawn 2 miles
from the outcrop, so that all coal classed
as measured and indicated reserves is less
than 2 miles from the ouktcrop and more than
50 percent less then 1 mile. PFrom a sta-
tistical viewpoint, therefore, about 25 per-
cent of the measured and indicated reserves
could be considered "measured®, though it was
not feasible or desirable to make such a
separation,

"Inferred® reserves include, in general,



coal within the areas delimited as described
above but lying more than 2 miles from the
outerop.

‘'For a few areas in Montana published
reserve figures were avallable for indi-
vidual townshipa, Theae figures were not
differentisted by beds in -different thick-
ness groups and, for some townships, in-
cluded beds as thin as 18 inches, which is
thinner than the limits established for
making the current calculation. As the per-
centage of coal included in the thin
beds in these few areas was inconsequential,
the figures were incorporated without change
in the present estimate, but pending a de-
talled check of the work and a breakdown of
the figures by beds in different thiclmess
groups, such coal is shown in a separate
column headed "Unclassified as to thickneas"
in the accompanying tables, For a few other
areas known to contain coal, but where only

general information was avallable as to
thickness or extent of beds, tonnage values
were assigned on the basls of detailed cal-
culations in nearby areas. Thla coal also
is included in the column headed "Unclassi-
fied as to thiclmess™ in the accompanying
tables. When final reserve figures for
Montana are prepared, it is anticipated that
moat of this tonnage will be transferred to
the "measured and indicated"™ class and that
much of it will be added to the totels in
the thicker beds.

Several large areas believed to be coal
bearing, but for which no information was
avallable conceming the thiclmess or extent
of the beds, were not considered in prepar-
ing the accompanying provisional estimate,

The location and extent of these areas
is shown in tabular form below:

Areas of coal-bearing lands in Montana omitted in reserve estimates

Area of coal- Total area of
bearing lands coal-bearing Percent of
County omitted lands in total coal-
(square miles) county bearing lands
(square miles) omitted
Carter 108 1,305 8.3
Custer 270 3,635 7.4
Dawson 9156 2,228 41.1
Fallon 36 1,383 2.6
Garfield 410 1,880 21.8
Prairie 1,000 1,712 58.4
Richland 800 2,026 39.5
Roosevelt 460 2,003 23.0
Rosebud 6 3,283 0.2
Sheridan 660 1,700 38.8
Wibaux 110 822 13.4
Total 4,775 ceees ceee
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All the areas of coal-bearing lands
listed contain lignite and, in general, are
concentrated in the northeastern part of the
State where the coal-bearing rocks are con-
cealed by a covering of glacial drift. De-
tailed work in these areas should materially
increase the estimate for lignite. It
should be noted that the total of 4,775
square miles of coal-bearing lands omitted in
preparing the estimates 1s only 9.3 percent
of the total area of coal-bearing lands in
Montana.

Except as noted, calculationa were made
by individual beds and by townshipa, and the
work was summarized by counties for presen-
tation iIn the tables., It 1s hoped that the
use of small unit areas in making calcu=-
lations has eliminated the possibility of
large cumulative errors in the work and will
facllitate later revision as new deta become
available,

The minimum thiclkness of cocal considered
in preparing the present estimate was 14
inches for bituminous coal and 30 inoches for
lignite and sub-bituminous coal. For the :
purpose of classifying the reserves, however,
separate totals were prepared for coal in the
following thickness ranges:

Bituminous ooal:

More than 36 inches,

24 to 38 inches.

14 %o 24 inches.
Sub-bituminous coal and lignite:

More than 10 feet,

5 to 10 feet.

30 inches to 5 feet,

In December 1948, the National Bitumi-
nous Coal Advisory Council recommended to
the Secretary of the Interior that estimates
of bituminous coal reserves in the eastern
United States be made for the thiclmess
ranges 28 to 42 inches and more than 42
inches., This recommendation was received too
late for these thickness ranges to be
adopted for estimating biltuminous coal re-
serves in Montana. It 1s believed, however,
that the 24- to 36-inch range selected as a
basis for preparing the accompanying esti-
mstes of bilsuminous coal will be almost as
useful as the 28~ to 42-inch range, particu-
laerly if note 1s made of the fact that in
Montana the estimated tonnage of bituminous
coal in the 24- to 36-inch range is approxi-
mately 15 percent less than the tonnage
would be in the 28- to 42-inch range.

Present estimate

(short tons)

Bituminous cosal 2,362,610,000
Sub-bituminous cosal 132,151,060,000
Lignite 87,633,270,000
Total 222,046,940,000
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In making calculations, the average
thiclmesas used for each bed was obtained by
welghting, as far as possible, all thickness
values according to the area covered by coal
of the recorded thickness. Partings three-
eighths of an inch or more thick, plus an
equivalent amount of cosl, were subtracted
from the bed thiclmess, This extremely con-
servative procedure was followed originally
by the Geological Survey in establishing
values of classified coal lands,7/ and ss
many local reserve calculations had been
made in Montana on thia basis, it was
followed throughout in preparing the present
provisional estimete. Where partings were
thicker than the adjoining splits of coal,
the aplits were conasidered aa separate beds
if they were thicker than the minimum figures
of 14 and 30 inches for bituminous coal and
sub-bituminous coal, respectively; otherwise
they were omitted.,

On the basis of about 20 specific-
gravity determinations of coal from variocus
parts of Montana, the value of 1,770 short
tons per acre-foot was selected as being
representative of lignite and sub~bituminous
coal, and 1,800 tons per ascre-foot for all
bituminous coal except in the Red Lodge
field, Carbon County, where 1,890 tons per
acre=foot was used,

The method, as outlined, of determining
the assumed area of occurrence of each cosl
bed eliminated from consideration practically
all coal more than 3,000 feet below the sur-
face. The present estimate was reatricted, -
therefore, to coal lylng between the surface
and a depth of 2,000 feest, Of the total
amount of coal included in this range, how-
ever, a very large fraction, perhaps 75 per-
cent, is no more than 1,000 feet below the
surface.

Tables 1, 2, 3, and 4 show the original
coal reserves in Montana calculated by rank
of coal, by county, by class of coal ac-
cording to the reliability and abundance of
information available for making estimates,
and by coal beds in different thickmess
groups. A comparison of the totals for each
rank with totals obtained by Campbell 8/ in
1928 shows several differences, which are’
due in part to differences in the assumptions
used in making the two estimates. The
original reserves of coal in each rank
according to the present estimate and Camp-
bell's estimate are as follows:

Campbell's 1928 estimate
(short tons)

2,655,000,000
62,985, 000,000
315,474,000,000

381,114,000,000

7/ Smith, G, O., and others, The classifi- .
cation of the public lands: U, S, Geol, Suwrvey Bull,
537, p. 70, 1913,

8/ Buch, J. W., Hendricks, T, A., and Toenges,
A. L,, Coal, in Mineral position of the United
States: Hearings before a subcommittee of the Gom-
mittee ofi Public lends, U, S, Senate, 80th Cong.,
lst sess., pp. 231-235, May 15, 16, and 20, 1947.
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Table 4.—Total estimated original coal reserves in Montana,

in millions of short tons

County Bituminous Sub-bituminous Lignite Total Percent of total

Big Horn.... e e e e 43,500.65 e e e 43,500.65 19.6
Blaine...... e e e e e 39.73 e e e e 39.73 (1)
Broadwater.. 5,66 « s e e s « e e e e 5.66 (1)
Carbon...... 1,247.22 e s e . e e 1,247,.22 0.6
Carter...... e e e e e e e 2/463.47 2/463.47 0.2
Cascade,.... 435,12 o e e e v s e e 435,12 0.2
Choutesu ... * e e e e s 1.48 e e e . 1.48 (1)
Custereieses C e e e e 2,678.86 £/2,198.86 2/4,877.71 2.2
Daniels..... C e e e e e 3;954.72 3,064,782 1.8
Dawson. ... Che e e e £/11,110.49 £2/11,110.49 5.0
FalloNesssas e e e e e 2/8,644.08 £/2,544.08 1.1
FOrgus.e.eess 341.40 1,54 e e e 342.94 0.2
Garfield.... e e 812.74 (2) £2/612.74 0.3
Glacier..... 33.36 e e e e e 33.36 (1)
Granite..... s e e e e e e 23.00 23.00 (1)
Hille...eo.. e e 76.66 e e 76.55 (1)
Judith Basin 243.93 N e e e e 243.93 0.1
McCone,..... v e e e e e 24,871.67 24,871,57 1.z
Meagher..... 0.53 e e e e e 0.53 (1)
Missoule.... e e e e e e e 19.70 19.70 (1)
Musselshell. " e e e e e 3,471.49 « s e e 3,471.49" 1.6
Park.e.coeos 20.83 12.40 . e e e e 33.23 (1)
Phillips.... e b s e s e 3.50 c e e e 3.50 (1)
Pondera..... 21.89 e 0 e e s e e s s 21,89 (1)
Powder River e e e e e 40,984,48 2,433.69 43,418.17 19.5
Prairiec.... e e e e e “ e e e s 2/1,581,27 2/1,581.27 0.7
Richland.... c e e e e e e s 2/21,085.62 2/21,085,62 9.4
Roosevelt... e e e e s v e e 2/4,164.23 2/4,164.23 1.9
Rosebud..... e e e e 38,873.78 2/10.10 2/38,883.88 17.5
Sheridan.... o e v e e e e e 2/5,763.82 2/5,763.82 2.6
Stillwater.. 12,67 e e e e e e e v e 12.67 (1)
Treasure.... [ 1,303.66 e e s e 1,303.66 0.6
Valleyee.use e e e e e v e e 257.93 257.93 0.1
WibaUX.eao s e s s e e e e e e e 2/7,040.73 2/7,040,75 3.2
Yellowstone. C v e e e 590,20 e e e 590,20 0.3

Totel. 2,362,61 132,151.06 2/87,533.27 | 2/222,046.94 99.9

1/ Less than 0.1 percent.,

Incomplete,

See p. 16,
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It should be noted in comparing these figures
that although the same minimum thicknesses
were assumed for coal in both estimates, the
present estimate was based on extremely con-
servative assumptions as to the areal extent
and volume of each bed and includes only
coal no more than 2,000 feet below the sur-
face, whereas Campbell's estimate included
coal lylng between the surface and a depth
of 3,000 feet. Also, Campbell made sta~
tistical allowance for coal in unmapped coal-
bearing areas and for coal in areas covered
by glaclal drift. In general, no such
allowances were made in preparing the

present estimate, The increase in the
present estimate of original reserves of sub-
bltuminous coal in spite of the conservative
methods of calculating tonnage 1s due to the
inclusion of large tonnages of coal in south-
eastern Montana, where much detailed mapping
has been done in recent years by the Geo-
logical Survey, The decrease in the present
estimate of the original reserves of lignite
1s due in part to the fact that no allowance
was made for coal in areas in eastern
Montana where coal 1s known to be present,
but where no mapping has been done, and for
large areas 1n northeastern Montana where the
coal-bearing rocks are concealed by glacial
drift. It 1s belleved, therefore, that-
further work in coal-bearing areas not
included 1n the present estimate will result
in an increase in the total original
reserves,

Table 5 shows the total production’of
coal in Montana by countles for the years
1937-47, inclusive. It 1s noteworthy that
8ix-countles,~Big Horn, Powder River, McCone,
Rosebud, Richland, and Dawson,-—-which con-
tain 82 percent of the original reserves,
yield less than 50 percent of the annual
production of the State. Furthemmore, Blg
Horn County, whlch contains 19,6 percent of
the original reserves, has never produced
enough coal to be included in the production
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table, and Powder River County, which con-
tains 19.5 percent of the total reserves and
the largest apparent reserves of thick coal
of any county in the State, has produced only
a few thousand tons. Rosebud County, the
largest producer in recent years, contalns
17.5 percent of the origlnal reserves, where-
as Musselshell County, the second largest
producer, contains only 1.6 percent of the
reserves, These differences are explained
primarily by the lack of markets near the
reserves, the lack of transportation fa-
cilities, and also the fact that the lower
ranks of coal slack easily during transpor-
tetion and storage.

Three counties--Flathead, Gallatin, and
Toole~-are listed in the production table
but do not appear in the reserve tables,

This 1s in accord with the principles,
followed in preparing the estimates, of
omitting areas known to contaln thin and
bony coal and areas where quantitative infor-
mation about the coal was lacking.

The total recorded productlion of coal
in Montana from established mines since
operations began to January 1, 1949, is
about 156 million tons. Actual production,
including that from wagon mines, is probably
about 175 million tons. Studies made in
1923 of the bituminous coal mining industry
have shown that the average amount of coal
lost in mining is 34.7 percent of the coal
origlinally in the ground.g/ . For each ton

roduced, therefore, more than half a ton
?0.5514) 18 lost. Assuming mining losses of
this magnitude for Montena, the total coal
mined and lost in mining in Montana to
Jamuary 1, 1949, 1s approximately 268 million
tons. The remaining reserve 1s about

221,779 million tons, or 99.8 percent of the
original reserves, It should be noted that
losses of gpproximately 35 percent may be
expected in mining the remaining reserves.

Rice, G, S., and Paul, J. W,, Amount and
nature of losses in mining bituminous coal in east.
ern United States: U, S, Coal Comm. Rept., pt. 3,
pp. 184176, 1923,
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The following bibliography lists only
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mation about Montana coal resources. Most
of these publications are bulletins of the
Geologlical Survey; they contain maps showing
outorops of the coal beds, structure of the
coal-bearing rocks, detalled measured
sections of the coal beds, and related infor-
mation. The publications are listed in nu-
merical order according to the following
classificatliont Geologlcal Survey bulletins,
other publications of the Geological Survey,
and miscellaneocus publications. The publi-
cations of the Geological Survey marked by

an asterisk (#) are out of print. The
bulletins not so marked were avallable on
April 1, 1949, from the Superintendent of
Doouments, Washington 26, D. C,, at the
prices indicated. All the publlcations
listed are available for consultation in
most large public and university libraries
and frequently are obtainable from dealers
in second-hand scientific books. In Montana,
many of the publications should be avallable
at the libraries of the Montana State College,
Bozeman; Montana School of Mines, Butte;
Historical Society of Montana and Public
Library, Helena; Fergus County High School,
Lewistown; and 8tate University, Mlssoula.
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Woolsey, R. W. Richards, and C, T. Lupton, 218 pp., 36 pls., 1917.

#661.(1) Phosphatic o1l shales near Dell and Dillon, Beaverhead County, Mont., by C. F. Bowen,
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This index refers to the preceding bibliography. -The abbreviations used for various publi-
cations are as follows: A, Annual Report, U. 8. Geological Survey; B, Bulletin, U. 8. Geo-
logical Survey; GF, Geologlc Follo, U. S. BGeological Survey; P, Professional Paper, U. 8. Geo-
logical Survey; M, Memoir, Montana Bureau of Mines and Geology; MU, Bulletin, Universlty of
Montana; T, Technical Paper, U. S. Bureau of Mines; W, Water-Supply Paper, U. S. Geologlcal
Survey.

mlyseﬂ ssesersecssessevrsetrnssesesassrsscssssasnsnscecss B 471 1, 631 n, 641 k, 621 P T 529
Ashland field (Rosebud, Powder River and Custer Oountles) ....esessessosccscesssessses B 831 D

Baker field ‘Ouster and Falloen Obuntie!) 0000000000800 000000000 ssaccccstosencentonsse s B 471 4
Bear Creek field (0arbon OoUntyY) seeesesssssessessscncecssss B 335, 285 £, 316 o, 341 a3 MU 50
Beaverhead COUNLY eeicesersaresrsssersssroacecssssssscssnossesscasersessse B 66l 1, 7TR9; MU 37
Big HOYN OOUNLY cesvesocccsscasessncssnsscssnessnsnsesre B 541 .0, 749, 806 b, 812 a, 822 a,856
Bis Sa.nd.y fleld (Ghoute.u Oount'y) eseseesseasssesesensssnvssasnssasessstsasssensesesse B D4l h
Bitteroot Forest Reserve (Ravallli and Missoula Oounties) .eccsececccescsssesessssssesve B 531 g
Blackfeet field (Glacier, Pondera, and Tool® COUNTI®A) cescscssscosessssssssssscssesse B 6RL Kk
Blaine Oounty 06 00 00 N eI 00000 00sEs 0000000000 PRPsIIEIEOETSTOEOIIIOETtOIORIIElLTETSTESN B 381 .n. 471 9, 541 h
Bri 91' rigld (c‘l‘bon Gmnty) ..l.!l.l.ll".l.l.'CIOI.l"tl@:.l'l."l:l'l..h B §16 e’ 341 b, m 50
Broso Wﬂt'!’ county G0 8 80 S0 00 S 0GB SN BTN NI NS PSP N DS ENOIRIINERNEE eSSBS D VPSRN 4
Bull Mountain field (Musselshell and Yellowstone Counties) eciececsssesrsesacscassssese B 341 &

' . 381 a, 431 b, 647

Carbon QOUNLY eeeecvesesssoscsceccessss B 285, 286 £, 316 o, 341 &, 341 b, 641 g, 822 a; MU 60
Carter CountY coeeeseessstccnsccoesosorcessocssosncssssscsncasssanssssssessasssssessses B 781 I
Cascade Oounty seceeesccrcrcascsosecsssscsceceses B 318 o, 366, 641 h; GF 655, 56; MJ 50; W 221
Choutesu COUNLY eeeececerccacserscsrsssanssossassossassasacsnsscsssscecscse B 641 h, 847 £; GP 55
Cleveland field (Blalne COUNLF) cevevscecsvesocovearsasssavessssssssvassesssscssvssacsees B 54l B
Orazy Mountain field (Meagher, Park, and Wheatland Oounties) ..eececcesestccesossescese B 341 &
Crow Indian Reservation (Big HOrn County) ceeevecsecvesccscoscsssosssessscssscracsessess B 856
Cialbertson fleld (Sheridan and Roosevelt Countles) .cceeesesssscsenssscsssoscessssoees B 471 4
CUBEOT COUNLY eocaseveencsecsrsecvreass.B 285 £, 318 ¢, 341 a, 471 4, 531 £, 831 b, 847 b, 906 o
Custer dilstrict (Yellowastone and Big Horn Countles) ceesesesscenscsscacscescascssesess B 54l N
Custer National FPorest (Powder River and Rosebud COUnti®s) cc.ceecsvessccsssssscescess B 381l &

Danlels COUNLY ceoekvoorescenessocnsasosssscscssescsascsessscecesvesveese B 38l &, 541 h, 75l e
DawSOn OOUNEY eeceseccesvescccssasscsvssscsncnssonsscsccsscacrense B E2BH L, 316 ¢, 471 4, 847 ¢
Deer LoAge COUNLY weeseccesnvsecnrarascssscrsonasssssososssssnsesecssssnssscscescseresss B 531 g

Ekalake fleld (Carter and Fallon Counties) siececesscerocssessssscsssssosssccsosssensses B 761
Electric fleld (Park COUNLY) veeeescecosccconssvsacsscscnsssscosanssascacassecses B 471,03 MJ 5O

FAllon COUNLY cececccsccsssessssnsnsssssssscesssessanssoscssnssasecncssees B 285 £, 471 4, 751 £
Pergus COUNntyY ececocosecoccconscsccasssossncscrenasess B 341 a, 3590, 541 h; GP 635 M 11; MU 50
Flint Creek fleld (Granite OOUNLY) civeeeecieceroessctsnscncescssnssscscssasssssssasess B 531 g
Forsyth field (Rosebud, Treasure, and Big Horn CountlesS)..eiceseeseccsccscsccscssssecsss B 812 &
Port Benton quadrangle (Cascade, Judith Basin, Pergus, and Chouteau Counties) .......... GF 55
Fort Peck Indian Reservation (Daniels, McOone, Richland, Roosevelt, Sheridan and Valley

COUNLIO8 ) eeeeesrsevnosnersssvesnncssssssoasesasssesnsssssnossnssosanssnsscsccnssesse B 381 8

Gallatin COUNtY cvieecersvesosacsscsocsvonsocasenssnssvencsssssnss Be 471 @3 GF 1, 24, 56; MU 50
Garfield COUNLY cecccecssccsocenssesaserasossosssnssssscsanscaovesosssssnccssscscscscse B 316 C©
Glacier Gounty S 00 e 0 0 et e TP E008080008000000 00000080880 0000000008 0000000 cavacsssscanen B 621 k
Glendive fleld (Dawson, Prairie, and Wibaux Countles) cecececscecrosssscsescacesscsesss B 471 4
Golden Valley COUNDY cuececeonnsceacecocrocesosasanssascsscsssssssscovscscsssessscscsveee W 518
Granite COUNLY c.cecerccecsetnsroocassssensnssnssovecsccsscnnsscsscssscsscnsscsasnsseccessees B 531 g
Great Falls fleld (Cascade, Judith Basin, and Meagher Counties).......... B 316 ¢, 356, 641 h;

MO 50; W 221

H11ll COUNDY eceeveecocscceceooveosansscsescsonansssssonsnsssascnssssonssss B 38l &, 471 o, 847 £
Hound Creek district (Cascade and Meagher Countles) ceieeceevssccessescssccccsesnsssess B 641 h

Jefferson COUNLY .cccetceascescesssnsnssessasssonssseosvensascnsccvssassvscsosssossosnasseees GF 24
Judith Basin County evececcccscsecasscssesscesssess B 316 ¢, 341 a, 356, 390; GF 55, 56; W 221
Judith district (Pergus, Musselshell, and Petroleum Oounties) ....cececesccessecccesss B 541 h

*
Lewistown field (Fergus, Judith Basin, and Wheatland Countles) «.eccveceeccesc... B 341 a, 390
‘Liberty County seicceiverecnnseecoercoscnnsovseessssrsesecssosonesssovccsnssasnsssenscace B B4T £
Little Belt Mountains quadrangle (Cascade, Judith Basin, Meagher, Gallatin, Park,
Sweet Grass, and Wheatland OountiesS) ceesecvecssoscsvssssssoscscascocscsscsccssssee GF 56
Little Sheep Mountain fleld (Prairie, Custer, and Rosebud Countles)...cceceeeecesceecss B 531 F
Livingston quadrangle (Gallatin, Park, Sweetgrass, and Stillwater Counties) .... B 471 e; GF 1

Madlson County eeeesccccecssssencessescssncnsns ceemescscssscsesecscsencsssrrscceesvesces GF 24

MoCone COUNLY ecoverevecsssseseacsoescsosssacnssasscncnssccncavssscsssecssssseassss B 381 a, 905
Meagher COUNtY cceeesccecosscsnossonsoonsssscnsssssessssasssssscnssesecsness B 341 &, 641 hy GF 56

a7



Miles City field (Custer COUNLY) wseeescecsvaccsssessnsecsssssssrssssessoesserancsness B 341 @
Milk River field (Blaine and Hill Oountles) .c.cessvescoscscsonsvosvscsvsesssss B 38l &, 471 @
Missoule Gounty AR D - I -2 § 8
Hizp&h field (Gulter OO\mty) S e P I PN PP RSP I I BB E I NG0B eETLLEOtesEEEBROSRensa0BRBY B 008 ¢
Montana (saneral) lD.tl!.‘l'.o.t!'!..l-'o-.tr...llil.u..'!lno.o.-..l"22 IIX ;PlOO a;ml
Musselshell OouUNLY sesvscccresessasnerssosssnsansssss B 341l &, 381 &, 431 b, 6541 h, €47; W 518

Park COUNntY cosscessserccossssccsscresccnsssssssosscanrsees B 341 @, 471 o; GF 1, 24, 656; MU 50
Petroleum Oounty, TP - I T 3 B -
Phillip. cmty .l....l..'..l.l.l'.l.-l.....‘-..........I.......’..'"l..l.._"".ll.‘...‘l.Hll
Pine Ridge field (Big Eorn and Yellowstone Qounties) c.eecssssscssesssssescscssssssees B 541 B
Plentywood and Scobey distriots (Danliels and Sheridan Counties) ...ccceevvveernrseeess B B4l D
Pondﬂra Ocunt‘y lll'.ll.l‘.....'l..l...'.l"l...'l!ll..I.O'I'i!.“..!ll....."lI‘-'.l..l.'Bezlk
Powder RIver County .cecvescervescssrssccnsvscsssstssostosssasscacssasosscovsss B 38l @, 831 b
Powell Oounty @ T 0 s s Pt e D7 00 00 P PI0E ISR PPES e 0eIREPPEsRRRONENERsEOIRPRETRROETRTIOIOIOROETROETS B 531 8
Prairle OOUNLY seeveeessoenssconsssassacssesesnssssnsescesssesess B 285 £, 316 0, 4712 4, 531 £

Ravalli Oounty e ateessessess s aseraesessstensteesensessrassevusssavansscssvse B B3 83 Mo 37
Red Lodge field (Carbon County). eeeseessessenssseseessassees B 226, 316 0, 341 &, 641 g; MJ 80
Richey-Lambert field (Richland and Dawson Counties)....cecesssccrssssvsssssevesacseses B 847 ©
Richland COunty ececescssccsesonsssrsersssesssssssasssvssssssnsssssssscssese B 38l &, 471 d, 847 ¢
Roosevelt County Seesrsesssaesvevrersssastvraesaasesetoasasresssrressessscssssees B SBL a, 471 4
Rosebud County .eeeeesscssversessesss B 316 ¢, 381 &, 631 £, 806 b, 812 a, 831 b, 847 b; W 600
Rosebud field (Rosebud;and Custer Oountles) seveecescssessssesscsssnccsnseossnns B 847 b; W 600

SGObQY field (Valley, Dmel., and Sheridan amntio.) sessecssssresrsersessnsssy B 541 h, 751 e
Sentinel Butte £181d (WLDRUX GOUNEY) seeeeessessonsessenresssesrsoaronsnnarseassecense B 341 &
Sheridan Oounty Petesssssassevesstteresttsststssssotsssrsrsrvacss B OB f, 471 d’ 641 h, 761 o
Sheridan field, northward extension (Big Horn and Rosebud Oounties) c...ceeeesscoccnns B 806 b
Sidne‘y field (Richlmd, mw‘on’ and Wibaux om’.ntie‘) *eseseesssorssressrsacersrereneree B 471 4
811ver Bow QOURLY sesscvrcoresasorcrvroncsorsssernossnssssssssenssassnsevvosssssrscsvesce B 531 &
Silvortip field .{O.!'bon Gounty) eeessveene’ 20 eveetsres e tPe P IR BRSSO ESTOEY OERRES B 341 b
Stillwater County seeevereorvrscosstssanscasssssavrossarssssncscssessccsee B. .64l g, 822 a3 GF 1
Stiliwater fleld {Stillwater and 0arbon COUNties) sceesserecsssaccsscasssavsesssaseosss B 641l g
Sweet Grass Counby sevceccccorscrcscennscscsnsersoscessscsscssssvossevesscess B 471 03 GP 1, &6

Terry fleld (Custer, Fallon, Wibaux, and Prairie Countles) c.c.cecevecsesccsccvesceess B 471 d
Tertiary lake beds (Deer Lodge, Granite, Missoula, Powell, Ravalli, and Silver Bow

CoUNtLOB) tevvecooscesnscnasecasssnssosesssossvosssnsssvsasnsssssnseasssvesesvsncee B B3 &

Tertiary lake beds (Beaverhead COUNLY) evesvessesvsccssoccssssevceeeneseess B 661 1, 729; MI 37
Three Forks quadrangle (Broadwater, Gallatin, Jefferson, Madison, and Park Countles).... GF 24
T00Lle COUNLY ecvceverscrccsocnssersocacessssososcsnsscseseesrscrescvsososssasvscssnense 21 k

Trall Creek field (Park, Gallatin, and Sweet Grass Counties) ,........... B 471 e; GF 1; MU 50
Treasure CoOunbty ccveececcsccosscevvsosssssccnsanssssssasrssessssncssssccses B 749, 812 a; W 599
Tullock Oreek field (Big Horn and Treasurs Counties) ccceesecesccsescsecesscssssscesssves B 749
Upper Stillwater Basin (8tillwater and Carbon Oounties) seececiecevsssosececscssessnee. B 641 g

Valier field (Pondera, Glacier, and Toole Countles8) ...c.ccecesesescsvcsccsnsseanssssees B 62l k
Valley County eeeevecssevrecccseosesassessossvsesssersassesosscsssosesssncssscsscesvesss B 7Ol &

Wheatland County ececeeccocsesscccrescososonsnssenssscsosssssssnanessscossss B 341 &, 390; GF 56
Wibaux CoUuNntY ceeesoseessoesessscosssccnsssnvsesssessasoscsssssase B 85 £, 316 ¢, 341 a, 471 4

YO11oWStone COUNty seeevesssssecrsasasesnssves B 341 &, 381 @, 4351 b, 541 h, 647, 822 a; W 599
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