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GEOLOGY OF THE LEWISTOWN COAL FIELD. MONTANA. -

By W. R. CALVERT.

INTRODUCTION.

That coal-bearing rocks occur in the vicinity of Lewistown, Mont.,
has been known for many years. In 1882 the geologists of the North-
ern Transcontinental Survey visited the region in the course of a
general reconnaissance of the Northwest, the chief object of the
. exploration being to secure information concerning the coal resources.
The evidence obtained during that cursory examination seemed to
be unfavorable to the supposition that coal was present in quantity
in the Lewistown field, although the occurrence of valuable coal
deposits in the Great Falls region, somewhat farther west, was clearly
recognized. A number of years later Weed and Pirsson® made a study
of the geology and mineral resources of the Judith Mountains, and
in their report gave a short discussion of the coal in the immediate .
vicinity of the uplift. Various other geologists have made brief
reference to the field. ' '

In order to obtain more definite information concerning the coals
of the Lewistown field, chiefly for land-classification purposes, a survey
" of the district was made by the United States Geological Survey
during the summer of 1907, and this report embodies the results of
the work.

In conjunction with the economic and geologic investigation of
the field the accompanying map (Pl. I, in pocket) of the area was
prepared. Since land classification was the prime object of the
investigation, it was necessary wherever possible to follow land
lines in map making. The method employed was to meander from
land corners, pacing along section lines and using the section corners
found in these meanders.as a basis for horizontal control. Where
the coal outcrop could not be mapped accurately from the section
lines it was traced separately and the meanders tied to section
corners. In unsurveyed areas, or where the nature of the topog-
raphy was such as to render the. following of land lines impractical,
location was obtained by triangulation to known points.

e Weed, W. H., and Pirsson, L. V., Geology and mineral resources of the Judith Mountains of Montana:
Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1898, pp. 438-616.

7



8 GEOLOGY OF LEWISTOWN COAL FIELD, MONTANA.

Vertical control was obtained by aneroid barometer readings
based in the western half of the field on elevations given by rail-
road profiles, and in the eastern and northern districts on elevations
determined by the United States Geological Survey. Since aneroid
barometers are often unreliable, it is not claimed that the contours
on the map are other than approximately correct, except possibly
in the immediate vicinity of known elevations, such as lines of rail-
road or bench marks placed by the Survey. In general the hori-
zontal control presents a higher standard of accuracy than the
vertical, especially where land corners could be found, and where
distances recorded in the township plats agree with the measured
distances on the ground. In the mountain tracts the topography,
denoted by broken contours, is taken from the maps of the Northern
Transcontinental Survey. The topography is represented on these
maps by a 200-foot contour interval, but, in order to be consistent
with the body of the present map, additional contours have been
interpolated. : :

The positions of the parallels and meridians are likewise only °
approximate. The astronomic location of a point at Lewistown,
determined by the United States Geological Survey, furnished the
basis for the placing of latitude and longitude lines in other parts of
the map. More precise work may change slightly the relation of
land areas to these lines.

The writer wishes to express his appreciation of the field assistance
and hearty cooperation of Eugene Stebinger, J. B. Umpleby, J. R.
Hoats, and C. P. Fordyce. The final preparation of the map and
much of the compilation . of other data have.been done by Mr.
Stebinger. The entire work, both in field and in office, has been
under the general supervision of C. A. Fisher, to whom the writer is
indebted for many helpful suggestions. To many other persons,
miners, ranchers, and business men, the author is grateful for kind-
ness shown in. the field. Among these, O. F. Wasmansdorff, the
county surveyor of Fergus County, deserves special mention for his
valuable aid and unfailing courtesy. '

GEOGRAPHY.
LOCATION » AND EXTENT.

The area investigated lies between longitude 109° and 110° 15
west and is divided by the forty-seventh parallel into two nearly
equal portions. (See Pl II.) It is thus located in central Mon-
tana, including the west-central part of Fergus County and a few
square miles in the northeastern portion of Meagher County. It
contains an area of about 1,500 miles, although a considerably
greater territory is represented on the map. The greater part of the
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GEOGRAPILY. 9

district lies in Judith Basin, a name applied to the upper drainage
basin of Judith River.:

The boundaries of the Lewistown coal field are arbitrary rather
than natural, for they are based on land lines rather than on geologic
or geographic districts. Work similar in character to that pursued
during the season of 1907.was carried on the previous year in the
Great Falls coal field® to the west, and as the eastern limit of that
investigation was the line between Rs. 12 and 13 E., the survey of
the Lewistown field was made to connect with that of the Great
- Falls field.

SURFACE FEATURES.

A considerable diversity in character of topography is presented
in the Lewistown field. Broadly viewed, the area is a part of the
great plains province, which extends in unbroken continuity for
many miles to the east. It is on the western border of the plains,
however, where the monotony is varied by local mountains which lie
contiguous to or within the field.

A broad and shallow depression, termed Judith Basm, comprlses
the western half of the area treated. This part of the field is char-
acterized by extensive terraces, which in certain localities are trenched
by streams, although there are large areas where the surface is
unbroken. The slope of these terraces is so gentle that it is scarcely
perceptible.

To the southwest Judith Basin merges into the uplift of the Little
Belt Range, whose eastern end extends into the field, as shown on
the map. This eastern extension presents a bold northern face
along which in places there is a comparatively narrow transitional
zone, between the plains and mountain types of topography. In
other localities to the north of this uplift the plains extend to the
very base of the mountains. The southern slopes of the Little Belt
Mountains are much more gradual, and viewed from the south the
range is a much less striking topographic feature than when seen
from the north.

- " Lying to the east of the Little Belt Range and with a similar east-

west trend are the Big Snowy Mountains, whose western end barely
enters the field. Although this uplift lies largely outside the area
mapped, it influences much of the topography in the southern part
of the field. Unlike the Little Belt Range, the Big Snowy Moun-
tains have longer and more gradual slopes to the north, which are
much more deeply trenched. Between the Little Belt and the Big
Snowy mountains there is a depression about 8 miles wide, termed
Judith Gap. This constitutes a watershed between two drainage

a Fisher, C. A., The Great Falls coal field, Montana: Bull. U. 8. Geol. Survey No. 316, 1907, pp. 161-173. -
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systems, and is also a natural passageway for travel in and out of
Judith Basin.

There are three mountain groups in the northern part of the field.
The Judith Mountains lie w‘holly within the area mapped. They are -
irregular in outline, with axis trending in a general northeast-south-
west direction, and include an area of about 100 square miles. West
of the Judith Mountains are two minor groups, known as the North
Moccasin and the South Moccasin mountains. The former uplift is
practically outside the area mapped, though the flat-topped, mesa-
like form designated on the map as The Park is a southern extension
of the North Moccasin Mountains. _

The Judith and Moccasin mountains are very similar in general
appearance and structural relations. Unlike either the Little Belt
Range or the Big Snowy Mountains they possess numerous individual
peaks, hence the crest line is much more serrate. The rise from the
plains is rather abrupt, and, being isolated, the mountains stand out
boldly, like islands in a sea.

Between the Judith and the Big Snowy mountains is a district

"which has highly accented topography and which constitutes the
-divide between Judith River drainage basin and the drainage basins
of the streams flowing eastward to the Musselshell. The surface of
this district is much more diversified than any other part of the
- Lewistown field outside the mountain tracts.

The range in altitude within the region described is considerable.
The lowest point is on Judith River west of South Moccasin Moun-
tains, where the elevation is about 3,600 feet above sea level. Two
peaks of the Little Belt Range, termed the Twin Sisters, have an
altitude of about 7,500 feet. The Big Snowy Mountains are some-
. what higher, the comparatively even crest rising to more than 8,000
feet. Several of the higher points of the Judith Mountains rise to
about 6,000 feet, while the Moccasin group is as a whole somewhat
lower

DRAINAGE.

General statement.—The drainage of the Lewistown field belongs to
the Missouri River system, though but one minor stream enters that
river direct. All others of the area are tributary to Judith River or
Musselshell River, which join the Missouri outside the area mapped.

In general the various streams of the field have had and will con-
tinue to have considerable influence on coal development. The fact
that coal outcrops, or is near the surface in any part of the area, is
due entirely to structural movement and subsequent erosion which
have laid bare the coal-bearing rocks. Where the strata are inclined
streams have cut across the coal horizon, thus allowing ready access
to the outcrop, and the stream valleys serve ‘as readily available
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routes of transportation. No coal washing is undertaken at present
in the Lewistown field, but if this additional process should become
desirable, water can be obtained in-certain of the areas where coal is
produced, notably along Big Spring Creek. This stream, as well as
Warm Spring Creek, furnishes at present considerable power which is
not utilized in the coal-mining industry and which could be more
fully developed for mining purposes.

In one respect the streams tend to retard development of the coal
resources. - This is true where the water flows across the dip and is
absorbed by rocks in the direction of the dip, rendering mining con-
ditions far from ideal. An example is furnished by Big Spring Creek
above Lewistown, where development has been confined entirely to
the southwestern side of the valley because the northern dip of the
strata offers a favorable condition for absorption of water in that
Jocality.

Judith River drainage.—dJudith River is the largest stream in the
Lewistown field and drains nearly three-fourths of the entire area
mapped. It rises in the Little Belt Range near Utica and, flowing
northeast, passes out of the district a few miles west of South Moc-
casin Mountains. Throughout the year considerable water is flowing
in its upper courses, but below Utica much is diverted for irrigation
purposes, and during the growing season the stream bed is often dry
in places.

The Judith is joined by various tributaries. Ross Fork, which
heads in the vicinity of Judith Gap, is the principal stream entering
from the south. Several small tributaries enter Ross Fork from both
the east and the west, two of which—West Buffalo and Rock creeks—
traverse areas of workable coal. The former is a small intermittent
stream, heading on the northern slope of the Little Belt, Range; the.
latter, perennial in its upper course, rises on the north flank of the
Big Snowy uplift. _

From the east Judith River has two comparatively large afluents—
Big Spring and Warm Spring creeks. The former, named from the
occurrence of several very large springs 7 miles above Lewistown,
flows entirely across the field in a northwesterly direction and joins
the Judith northwest of the South Moccasin Mountains. Cottonwood
Creek and its main tributary, Beaver Creek, both constantly flowing
streams, and Big Casino and Castle Creeks, are the chief tributaries
entering Warm Spring Creek from the south. Several small streams,
notably Boyd and Pike creeks, also join from the south. _

Warm Spring Creek drains the structural basin between the Judith
and Moccasin mountains. It heads well within the Judith Mountains
tract, flows westward, receiving several minor affluents in its course,
and passes off the field to the north of South Moccasin Mountains.
In the latter vicinity it is greatly augmented by a large thermal
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spring, from which the stream is named. Above the spring the
stream is intermittent in character, except in its upper course.

_ The northwestern portion of the field is traversed by Sage Creek,
also a tributary of Judith River. It is an intermittent stream and is
of importance only because of its relation to the Sage Creek coal
district of the Great Falls field to the west.

Musselshell River drainage.—The small area mapped to the south
of Judith Gap is included in the drainage of Musselshell River. In
this southern area the streams are small and unimportant.

East of the McDonald Creek divide and the Judith Mountains
numerous small streams flow eastward, also to join the Musselshell.
McDonald Creek with its branches is the most important of these, as
1t is closely related to the largest coal district of the Lewistown field.
These streams have not only exposed the coal zone in many localities,
but the valleys also form natural routes of travel.

Other drainage.—But one stream of the entire area is directly
tributary to Missouri River. This is Armells Creek, which rises on
the northern slopes of the Judith Mountains and flows northward,
thus having only a few miles of its course within the field. A small
affluent, Deer Creek, also heads in the Judith uplift and passes off
the field within a comparatively short distance from its source.

CULTURE.

General statement —As a whole the field is fairly well populated.
Within the last few years there has been a considerable influx of
settlers, who are cultivating the open bench land and the stream
valleys near the mountains. The interests of the area are essen-
tially agricultural, although metal mining is carried on more or less
in the Judith and Moccasin mountains, and in various localities
towns have sprung up which serve as distributing centers.

Towns.—The chief center of population is Lewistown, located in
the central part of the field on Big Spring Creek. It is the county
seat of Fergus County, has a population of about 4,000, and is a pros-
perous growing town. Moore, 17 miles southwest of Lewistown, is
the second largest town of the field and has about 400 inhabitants.
Still farther southwest are Straw and Garneill, two railroad stations
on Ross Fork. In this district also are two new stations, Buffalo
and Judith Gap. Utica, the only town in the western part of the
area, is located in Judith River Valley on the Lewistown-Great Falls
stage road. Below Utica on Judith River is situated the old stage
station, Philbrook, and still farther down the valley is Hobson, a
new station on the Billings and Northern Railroad. To the northwest
and just outside the area mapped the site of a town named Windham
has been platted in the valley of Sage Creek. This prospective town
is also on the Billings and Northern line and will serve as a shipping
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pomt for coal from the Sage Creek district, where a company is plan-
ning extensive development

Three towns are situated in the eastern part of the district. These
are Maiden, formerly a prosperous mining town, but now almost de-
serted, which is located at the head of Warm Spring Creek, well
within the Judith Mountains; Giltedge, also a mining town, located
at the eastern base of the Judith Mountains near their south end;
and Forestgrove, on McDonald Creek. '

Railroads.—One railroad is now in operation in the district, and
another is nearly constructed. In the spring of 1904 the Montana
Railroad was extended through Judith Gap into Lewistown, giving
that town connection to the south with the main line of the Northern
Pacific at Lombard. Judith Gap is traversed also by the Billings
and Northern Railroad, which is now about completed. This line

connects Billings with Great Falls and passes through the western
part of the Lewistown field.

Roads.—The entire area included in the Lewistown coal field as
described is well traversed by roads.” Before railroad facilities were
available Lewistown was the center of a radiating system of stage
lines, most of which are still in operation. Daily stages connect with
Great Falls, Maiden, and Giltedge, and a bidaily service is maintained
with Kendall, a town on the east flank of the North Moccasin Moun-
tains, and just outside the area mapped. Iormerly a stage line was
operated between Lewistown and Fort Benton, a town on Missouri
River at the head of navigation, but at present the stage goes no
farther than Denton, a post-office about 30 miles northwest of Lewis-
town. There is also a triweekly mail service to Forestgrove and
other post-offices to the southwest. Stage service between Lewis-
town and Billings has been abandoned since the completion of the
Montana Railroad. In addition to the main stage roads of the dis-
trict there are many minor thoroughfares which traverse the area
in various directions, largely along section lines in the plains country
and along stream valleys, as a rule, in the rougher portions of the field.

STRATIGRAPHY.
SEDIMENTARY ROCKS.

GENERAL STATEMENT.

The rocks studied in the Lewistown coal field range in age from
Carboniferous to Pleistocene, inclusive. Still older formations out-
- crop in the various mountains, notably in the Judith Mountains,
where the section is exposed nearly to the base of the Cambrian.
Since the coal of the Lewistown field, with which this report is chiefly
concerned, is of Lower Cretaceous age, stratigraphic study in the
area was confined mainly to formations more or less closely related
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to the Kootenai, or coal-bearing rocks. In fact, geologic mapping
did not include rocks older than Jurassic in certain portions of the
field, even where lower formations were exposed.

CARBONIFEROUS SYSTEM.
 MISSISSIPPIAN SERIES.
MADISON LIMESTONE.

General statement.—The entire section of the Madison limestone
was not studied in the field, even in the Little Belt or Judith moun-
tains, where Carboniferous rocks are well exposed. In each of these
areas, however, the later Paleozoic sediments have been studied and
the stratlgraphy is fairly well known.

Character and thickness.—According to Weed, the Madison lime-
- stone in the Little Belt Mountains consists of three divisions, with
an aggregate thickness of about 1,000 feet. The lower third is gray-
ish, thin-bedded, shaly limestone, named the .Paine shale, which is
overlain by light-colored limestone, termed the Woodhurst. The
top of the formation is a very massive member, designated the
Castle limestone. As noted in the field this upper member is usually
without bedding and is generally cherty near the top. In areas of
Madison limestone the streams cut gorges and usually issue to the
plains from narrow box canyons, especially where the strata are con-
siderably inclined. As a rule the topography of the limestone areas
is rugged, and usually there is an abrupt change in the character of
the topography where the softer rocks of younger formations meet
the Madison.

Distribution.—The Madison limestone is ezxposed in each of the
mountain tracts contiguous to or within the field. It makes up the
mass of the Little Belt and Big Snowy ranges and a considerable part
of the Judith and Moccasin groups. So constant is the association
of the Madison with the uplifts of the northern Rocky Mountain
region that the name “mountain limestone’ is sometimes applied
to it.

Stratigraphic relations—As the entire Madison section was not
studied, the relation of that formation to underlying formations was
not ascertained, but other workers in the same general region state
that it rests with apparent conformity upon rocks of Devonian age.
No unconformity has been recognized at the top of the Madison in
this region, but the abrupt change in character of the sediments at
that horizon may be indicative of a hiatus, which further study may
disclose.

a Weed, W. H., Little Belt Mountains folio (No. 56), Geologic Atlas U. 8., U. S. Geol. Survey, 1899,
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Fossils.—In the upper member of the Madison limestone fossils
do not appedr to be abundant, at least in that portion of the Little
Belt Mountains where search for fossils was made. One collection
was obtained near the head of Muddy Creek, 7 miles west of Garneill,
at a horizon 400 feet below the top of the formation from which
G. H. Girty identifies the following species as of Mississippian types:

Fossils from Madison limestone at head of Muddy Creek.

Syringopora surcularia. Syringopora sp. )

Menophyllum sp. Schuchertella inflata var.
" Productus levicostus. Productus parviformis.

Spirifer centronatus. Eumetria verneuiliana.-

As previously stated, no attempt was made in other parts of the
field to secure fossil collections from the Madison, as mapping usu-
ally did not include formations older than Jurassic. For detailed
description of the Mississippian section in the Little Belt Mountains
the reader is referred to Weed,® or for the section in the Judith
Mountains to Weed and Pirsson’s report® on the geology of that
vicinity.

PENNSYLVANIAN (?) SERIES.
QUADRANT FORMATION.

General statement.—Immediately overlying the massive limestone
of the Madison is a series of beds of variable character and thickness.
In the Little Belt Mountains Weed ¢ has correlated these beds with
the Quadrant formation, first named from its extensive development
near Quadrant Mountain, in Yellowstone Park. In the Lewistown
field the Quadrant presents rather interesting stratigraphic and
faunal features, which were not worked out in detail, as but little
time was devoted to rocks of Carboniferous age. :

Character and thickness.—On Judith River west of Utica the Quad-
rant, according to Weed,? has a thickness of 1,400 feet. South of
- Utica along the Little Belt uplift and in the area adjacent to the
west end of the Big Snowy uplift the Quadrant comprises a fairly con-
stant series of beds. Red shale containing many chert fragments
constitutes the lowermost member which rests on Madison limestone,
“and in which no fossils were found. Next above is a white saccha-
roidal sandstone, likewise apparently nonfossiliferous. Still above
is greenish shale containing thin beds of limestone, overlain in turn
by limestone in which occur abundant fossils. A section of the
Quadrant, measured at the north base of the Little Belt Range, near

o Weed, W. H., Little Belt Mountains folio (No. 56), Geol. Atlas U. 8., U. 8. Geol. Survey, 1899.

b Weed, W. H., and Pirsson, L. V., Geology and mineral resources of the Judith Mountains of Montana:
Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, pp. 471-472.

¢ Weed, W. H., Little Belt Mountairs folio (No. 56), Geol. Atlas U. 8., U. S. Geol. Survey, 1899

4 Op. cit. . .
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the head of Muddy Creek, illustrates the above succession and is given
below: : 3

Section No. 1 of Quadrant formation at head of Muddy Creek, 7 miles west of Garneill,

Mont.

Jurassic? red shale. Feet.

1. Limestone, light gray, weathering almost white, fossiliferous in
UPPEr POILIOD. .« .t 55

2. Shale, green, alternating with limestone members near top;
beds partly concealed. ..ot 105

3. Sandstone, white, soft, saccharoidal, basal members alternating
with limestone layers, all weathering like limestone............. 40

4. Shale, red, containing an abundance of irregular cherts; beds
partly concealed........ ... .. .. ........ e 225

Madison limestone. —_
425
The green shale member of the above section is the most striking
feature of the formation, as its vivid color contrasts it strongly
with other beds either in the Quadrant itself or in other formatjons
represented in the field.
The following section of the Quadrant measured on the south
side of the Little Belt Range shows a considerable variation in the
beds above the lower shale member:

Section No. 2 of Quadrant formation in SE. § sec. 20, T. 11 N., R. 15 E.

Jurassic sandstone. Fect.
1. Limestone, thin bedded to platy; lower 30 feet soft pinkish
color; upper 10 feet massive; no fossils noted................. 59
2. Shale, red.. e B0
3. Limestone, dark gmy, ﬁne ora,lned f nely beddcd wn,h inter-
calated red shale.........o.o il e 40
4. Limestone, in 1-foot layers carrying abundant fossils......... ... 38
5. Limestone and shale..........o..oo..ooi i 5
6. Shale, coppery green......... .. . 130
7. Beds partly concealed, consnsbln" of rcd bhalc aL bab(, ........... 425

Madison limestone. —
747

In the area between the Judith and the Big Snowy mountains
the base of ‘the Quadrant was not seen, hence the relation of the
formation to the underlying Madison could not be ascertained.
That there is a marked change in the lithologic character of the upper
members is evident, however, for wherever encountered they were
composed of black shale and dark; bituminous limestone, both
fossiliferous.

Study of the Quadrant along the base of the Judith and Moccasin
mountains was very unsatisfactory, for beds in the stratigraphic
position of the Quadrant are, as a rule, much concealed either by
talus or by dense vegetation. In fact; no definite evidence, either
lithologic or paleontologic, was obtained regarding the presence of

w’
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that formation along the base of the mountains in question. If
present it is certain that it is more attenuated than in the Little
Belt Mountains, for the interval between the Madison limestone
and beds containing Jurassic fossils is markedly less than as shown
in the sections of the Quadrant already given. In only one locality
contiguous to the Judith Mountains, namely near the Lewistown-
Giltedge stage road as it passes to the north of Flat Mountain, was
a member noted which is comparable to the saccharoidal sandstone
of section No. 1. No fossils were obtained, however, so that the
sandstone in question can not be definitely assigned to the Quad-
rant. Because of this uncertainty geologic mapping was not
attempted below Jurassic beds in the Judith and Moccasin areas,
and more detailed work must decide the stratigraphy in the interval
between Madison and marine Jurassic. There is no doubt, however,

that the Quadrant is represented on the west side of the Judith
uplift. In Deer Creek dome a thickness of at least 100 feet of Quad-
rant is exposed from which fossils were collected, and Quadrant
also occurs in the dome south of South Moccasin Mountains, though
-at the latter locality only thé upper shaly members are exposed.
In the Deer Creek laccolith the lowest member exposed is a soft
reddish sandstone, overlain by dark shale, bituminous limestone,
and shale in ascending order. A satisfactory section could not be
obtained at this locality. .

Near the Judith and Moccasin mountains and to the south as far
as mapping was undertaken the Quadrant formation is soft and easily
eroded, and consequently forms valleys. Near the west end of the
Big Snowy Mountains and along the Little Belt Range the limestone
member of the formation is a prominent ridge maker, with the red
and green shales forming valleys on either side. The topographic
expression of the Quadrant, together with its exposed area in the
field, is shown on the accompanying geologic map (P1. I).

Stratigraphic relations.—As stated under the discussion’ of the
Madison, no unconformity has been recognized at the base of the
Quadrant, although there are certain suggestions of a time break in
sedimentation. Between the Quadrant and the overlying Ellis, or
marine Jurassic, there is no positive evidence of unconformity in the
Lewistown field, although to the west an interval of erosion at this
horizon has been recognized. It will be mentioned more in detail in
the discussion of the Jurassic.

Fossils.—The upper members of the Quadrant formation usually
carry an abundant fauna, whereas the lower beds appear to be
entirely destitute of fossils. A number of collections were made in
the field and the species represented have been identified by G. H.
Girty. A list of collections, including locality and identification of
forms, is given below. '

. 88867—Bull. 390—09—2

- B
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Fossils Jfrom upper members of Quadrant formation.
Antelope Creek, sec. 15, T. 12 N., R. 13 E.

Productus cora. Composita subtilita.
Schizophoria resupinoides?

From bed 1 of Quadrant section No. 1.

Zaphrentis sp. Phillipsia? sp.

Crania sp. ) Spirifer rockymontanus or increbescens.
Chonetes sp. ' Composita subquadrata or subtilita.
Productus aff. inflatus. Aviculipecten sp. a aff. occidentalis.
Productus aff. inflatus var. Aviculipecten sp.

Productus cestriensis? Sulecatipinna ludlowi.

Productus aff. cestriensis. Edmondia n. sp.

Productus sp. a. | Naticopsis? sp.

" Dielasma? sp.
SE. % sec. 21, T.11 N., R.15 E.

Productus cestriensis? .| Spirifer rockymontanus or leidyi.
Productus aff. inflatus. Composita subtilita or subquadrata.
Dielasma? sp.

From bed 4 of Quadraﬁt section No. 2.

Productus aff. inflatus Spirifer n. sp. aff. cameratus.
Productus aff. inflatus var. Composita subtilita.
Productus cora. :

NW. %sec.23, T.14 N, R. 19 E.

Lingula sp. Caneyella wapanuckensis?
Productus cf. inflatus. g Orthoceras sp. -
Avieulipecten sp. @ aff. occidentalis. Goniatites? sp.

(This collection was obtained about 75 feet below the top of the formation.)

“NW. }sec. 23, T. 14 N., R. 19 E.

Lingulidiscina sp. Productus sp. b. )

Chonetes n. sp.? : Amboceelia aff. planiconvexa.
Productus cf. inflatus. Aviculipecten sp. @ aff. occidentalis.
Productus cora. Phillipsia? sp.

Productus sp. @, ) :
Deer Creek laccolith, NE. % sec. 16, T. 17 N., R. 19 E.

Lingula aff. carbonaria. Ostracoda undet.

Derbya? sp. Aviculipecten sp. a aff. occidentalis.
Chonetes n. sp.? . Myalina aff. monroensis and meliniformis.
Productus cf. inflatus. : Sulcatipinna ludlowi. ‘
Dielasma? n. sp. Yoldia sp.

Harttina n. sp. - | Pleurophorus aff. subcostatus.

Pugnax n. sp. ' Macrodon? sp.

Rhynchonella (Pugnax?) n. sp. Goniatites? sp.

Composita n. sp. Bellerophon aff. stevensianus,

Cleiothyridina aff. hirsuta.
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Previous statements regarding the age of the Quadrant have been
somewhat at variance, as it has been assigned to both Mississippian
and Pennsylvanian. Of the fossils listed above Girty says:

The fauna represented by these collections is peculiar, differing considerably from
‘any of the known American Carboniferous faunas. A few forms (such as the strongly
plicated Terebratuloid cited as Dielasma? n. sp.) are suggestive of the Pennsylvanian,
or even of the late Pennsylvanian, whereas others suggest late Mississippian. Other
- faunas, much more closely related to the typical upper Mississippian, have been cited
from this area as coming from the Quadrant, and it is possible that under that title
have been included rocks of two geologic ages. One of these groups can with high
probability be referred to II. 8. Williams’s Genevieve group of the *“ Neo-Mississippian.”’
The other, including the beds from which the foregoing fauna was obtained, would
probably best be referred to the Pottsville, at least provisionally, with the possibility
that it also, in spite of the different facies of its fauna, may prove to be Mississippian.

. JURASSIC SYSTEM.
. ELLIS FORMATION.

General statement.—Resting on the Quadrant formation is a suc-
cession of sandstones, thin limestones, and red or dark shales, which
are of Jurassic age and which constitute the Ellis formation. This
has been described in more or less detail in the Little Belt Mountains
folio ¢ and in the report on the geology of the Judith Mountains.?

Character and thickness.—The most conspicuous member of the
formation is a coarse-grained, conglomeratic sandstone, which in the
greater part of the field contains at two horizons an abundance of
oyster shells. The sandstone is bluish gray when fresh and weathers
to a characteristic soft tan color. In certain localities of the western
area this sandstone rests on the Quadrant, and in others the base of
the formation consists of red shale or thin-bedded limestone. Through-
out the entire field there is a sharp change in lithologic character at
~the top of the Ellis, which serves as a ready means of separating it
from the overlying Morrison formation, or fresh-water Jurassic.
Sandstone is invariably the upper member of the former, whereas the
base of the Morrison is shale or argillaceous limestone.

a Weed, W. H., Little Belt Mountains folio (No. 56), Geologic Atlas U. 8., U. S, Geol. Survey, 1899.
b Weed, W. H., and Pirsson, L. V., Geology and mineral resources of the Judith Mountains of Montana:
Eighteenth Ann. Rept. U. 8. Geol. Survey, 1898, pt. 3, pp. 476-480.
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Along the northern base of the Little Belt Range, near its eastern
end, the Ellis consists of shale, limestone, and sandstone, as shown
by the following section:

Section of Tllis formation at head of Muddy Creek, 7 miles west of Garneill, Mont.

Morrison formation. Feet.
1. Sandstone, shaly at bottom, pebbly in middle, grading upward
into a massive, greenish gray sandstone, weathering tan, and
containing an abundance of shell fragments ......... e 40
. Limestone, dark gray, weathering dove color, fossiliferous....... 6
Shale, greenish. ... . ... .. 4
. Limestone, light colored, very thinly bedded................. .. 5
. 8hale, red......... 10
65

Stk W N

Quadrant formation.

On the south side of the Little Belt Range, only a few miles from
the locality where the foregoing section was measured, the Ellis
apparently consists of the sandstone member alone. It rests on lime-
stone, which in the locality in question appears to be nonfossiliferous,
but which because of lithologic similarity to limestone lower in the
section carrying a carboniferous fauna, is assigned to the Quadrant.

In tracing the Ellis eastward from the western part of the field
a considerable variation both in thickness and in general character
was noted. A section of the Ellis obtained on East Fork of Big
Spring Creek is given below.

Section of Ellis formation on bluff of East Fork of Big Spring Creek, sec. 2, T. 14 N.,
_ R.19 E.
Morrison formation. Feet.

1. Partly concealed; lowest 30 feet sandy soil, sprinkled thickly with
Gryphea calceola, underlain by a ledge of sandstone with abun-
dant oyster shells; lowest 20 feet is sandstone also filled with
oyster-shell fragments..._ ... . ... L Lo il 100

2. Sandstone, compact, blocky, gray, weathering tan; upper 15 feet
forming bold cliff; fossiliferous at top, but qhells mostly frag-

IMENEATY - - ottt e e e .48
3. Concealed, grassy slope with red soil.... ... ... . .. .. .. .. .. 80
4. Limestone, shaly at bottom, becoming thinly bedded, dove-
colored, fossiliferous. ........... .. . . .. ... ... 10
5. Shale, red, sandy..... .. ... . L. 4
6. Gypsum, whiteand pure.............. ... . ... oo 20
7. Shale, dark, fissile and gypsuferous ............................... 5
8. Limestone, fossiliferous..... ... ... . . . .. .ol 3
9. Partly concealed but containing gypsiferous shale.............. 45
10. Gypsum and shale........ ... . ... . ...l 5
11. Partly concealed slope of dark soil...... ... ... ... ... ... ... 42
362

The section given above may include a few feet of the Quadrant,
as in this locahty the upper beds of that formation and the lower
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part of the Ellis are dark shales, so that the distinction between the
two is not -apparent on other than paleontologic evidence. To the
east the conglomerate sandstoné member, containing abundant shells
of Ostrea strigilecule White, becomes less conspicuous in its fossil
content and bed 1, containing Gryphea calceola, serves as the most .
valuable fOSSlllfeI‘OLN datum plane of the Ellis. In certain localities,
notably in the vicinity of South Moccasin Mountains, fossils are not
abundant, but the formation is still easily recognized by the preva-
lence of gray or bluish sandstone, weathering to the characteristic
soft tan color. The following section of the Ellis, measured on the
north slope of South Moccasin Mountains, shows the sequence of beds
in that locality:

Section of Ellis formation as exposed on north side of South Moccasin Mountains.

Morrison formation. , Feet.
1. Sandstone, soft, tan:colored, gray, or yellow when fresh.......... 147
2. Partly concealed; yellow, sandy soil............... ... .. to... 150
3. Sandstone, coarse grained, brownish yellow, weathering grayish

brown; contains oystershells........ ... ... .. i il 2

4. Partly concealed; green and red soil on slope........... . 6
5. Partly concealed; upper 10 feet is a dark, bltumlnous llmestone 75
6. Limestone, irregularly bedded, light gray, inclined to be cherty;

upper part conglomeratic, pebbles being angular, usually lime-
stone with a few chert; pebbles are all small, one-fourth inch
OF 1SS il 6

440

As fossils were not obtained from the lower part of the above sec—
tion the line between the Quadrant and Ellis formations in this local-
ity is largely a matter of conjecture, although the conglomeratic lime-
stone would suggest that it constitutes the basal member of the Ellis.

Distribution.—The Ellis formation is exposed along the base of
the various major uplifts in the field and in the domes in the vicinity
of the Judith and Moccasin mountains. In these localities the beds
are, as a rule, more or less highly inclined and the sandstone mem-
bers form prominent strike ridges. At other places in the field
where the rocks are more nearly horizontal the sandstones where
exposed form the surface over considerable areas. This condition
prevails in the southern part of the field north of the Big Snowy
Mountains, where the Ellis is exposed throughout many square miles.

Stratigraphic relations.—In the Great Falls field to the west the
Ellis generally rests unconformably on the Quadrant, but in the
vicinity of Stockett it is in contact with the Madison limestone.
In the Lewistown field this erosional unconformity, if it exists, is
not apparent, and in the eastern half of the area the passage from
the dark shale of the Quadrant to similar beds of the Ellis appears
“to be without a break, though, of course, the absence of tlie Permian,
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Triassic, and Lower Jurassic proves that sedimentation was not
continuous.

Fossils.—Numerous collections of fossils were made from various
horizons of the Ellis, and a list of forms identified by T. W. Stanton
is given below. The majority of the collections were obtained from
limestone members, as few forms other than Ostrea sp. are found
in the sandstones. All indicate marine or brackish-water conditions.

Fossils from the Lllis formation.

Pentacrinus asteriscus M. and H. Trigonia conradi M. and H.
Rhynchonella gnathopora Meek. Cyprina cinnabarensis Stanton.
- Ostrea strigilecula White. Cyprina sp.

Gryphea calceola var. nebrascensis M. | Tancredia inornata Whitfield.
and H. Tancredia bulbosa Whitfield.

Camptonectes sp. ' Pleuromya subcompressa Meek.

Eumicrotis curta (Hall). : - | Pleuromya newtoni Whitfield.

Gervillia. Thracia? sublevis M. and H.

Modiola subimbricata Meek.

a MORRISON FORMATION.

Qeneral statement.—The Morrison has not previously been definitely
recognized in the Lewistown field, although Weed and Pirsson®
suggested that certain beds in the Judith Mountain district might .
be the equivalent of the Morrison of Colorado and Wyoming.
During the course of a geologic investigation of the Great Falls coal
field in 1906, Fisher? assigned to the Morrison the beds between the

“known marine Jurassic and the plant-bearing Lower Cretaceous,
‘chiefly because of their similarity in lithology and stratigraphic posi-

tion to recognized Morrison in Colorado and Wyoming. Paleonto-
logical evidence obtained -during that investigation was somewhat
meager, but such as was obtained was not unfavorable to. their cor-
relation with the Morrison. During the last season (1907) strati-
graphic study was continued eastward and additional evidence was
obtained, so that the presence of the Morrison in the Lewistown field
may now be considered as fairly well established.

Character and thickness.—The Morrison 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 predominating, but they are seldom, if ever, brilliant and pos-
sess a characteristic soft tint. In lithologic character and in thick-
ness the formation is fairly uniform throughout the field, the various
sections approximating 125 feet. Argillaceous members predomi-
nate. * The shales are very clayey and the limestones also appear to
contain a high percentage of silica. The limestone members are

a Op. cit., p. 480.
b risher, C. A., Geology of the Great Falls coal field, Montana: Bull. U. 8. Geol. Survey No. 356, 1909.
- )
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characteristically bluish gray and break into small blocks. The sand-
stones are usually brownish and granular in appearance, and in them
comminuted bone fragments are of fairly common occurrence.

As the Morrison is usually composed of soft, incoherent beds, it is,
as a rule, a valley-producing formation, and it is thus exposed in
many places along the sides of the Valleys where streams have cut
through to the more resistant Ellis sandstone. As a result detailed
sections of the formation are not difficult to obtain, and the following,
measured at an exposure west of Garneill, may be taken as a type of
the Morrison in the Lewistown field:

Section of Morrison formation as exposed at head of Red Bluff Coulee, 5 miles west of

_ Garneill.
Kootenai formation. Feet. '
1. Sandstone, fine grained, tan-colored, weathering soft tan, con-
taining bone fragments.......... ... o i 12

2. Shale, greenish, becoming sandy upward, with 1-foot layer of
limestone, greenish gray, weathering russet 12 feet from top;

shale contains many Unio shells....... e 34
3. Limestone, reddish brown, weathering russet, containing an

abundance of clear calcite crystals......0....... ... ... ... 3
4. Shale, greenish....... ... . ... ... -8

5. Limestone and variegated shale; limestone is in thin layers, red-
dish brown, unchanged by weathering, with calcite crystals a8

934 U ) 11
6. Limestone, fine grained, compact, containing small greenish par-

ticles resembling glauconite ... ... ... ... ..ol 2
7. Shale, variegated, red and pink predominating................. 75

Ellis sandstone. —

Distribution.—The statements regarding the distribution of the
Ellis are in a great measure applicable to the Morrison as well, as it
is exposed as an irregular band parallel with the Ellis outcrop, but
_ on the outer side from the various centers of uplift in the field. Since
it is a much softer formation than the marine Jurassic, the line of
contact between the two is very irregular, the details of which are
shown on the geologic map (Pl I).°

Stratigraphic relations.—No suggestion of an unconformlty was
noted at either the base or the top of the Morrison. In fact, the
lines of delimitation are somewhat uncertain, especially as regards
the upper limit. Marine shells of the Ellis are to be found at the
very top of the massive sandstone which is the most prominent mem-
ber of that formation. Immediately overlying the sandstone are
highly argillaceous beds in which fresh-water shells occur a short
distance above the known Ellis. The most natural line of demarca- -
tion between the marine and fresh-water Jurassic is therefore that
. indicated by the change in lithology. The top of the Morrison is
believed to be marked by a persistent sandstone member 10 to 15-

N
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feet thick, in which bone fragments are found. Above this member
the beds are distinctly arenaceous, and they are mapped as Kootenai
on account both of their lithology and of the occurrence of Lower
Cretaceous plants a short distance from their base.

Fossils—Although fossils are fairly abundant in the Morrison for-
mation, they are unsatisfactory in that, as a rule, they are not deter-
minative. Dinosaur bones have been found at several horizons either
in the sandstone members or in the argillaceous limestones, but they
are generally very fragmentary. From a collection made on the
bluff east of the Big Springs above Lewistown,C. W.Gilmore identified
one bone as the proximal end of a tibia of a Jurassic sauropod dino-
saur. Unios are abundant in the upper shale members of the forma-
tion, but according to Stanton they represent new and undescribed
species. The question of the age of the Morrison has been a cause
for considerable controversy, and the formation has been assigned
to both Jurassic and Cretaceous. Such evidence as has been furnished
by vertebrate fauna in the Great Falls and Lewistown fields, how-
ever, seems to be in favor of the assignment of the Morrison to the
Jurassic, and it is so considered in this report, although the question
is one upon which the last word has probably not yet been said.

CRETACEOUS SYSTEM.
LOWER CRETACEOUS.
KOOTENAI FORMATION.

Yeneral statement.—The coal of the Lewistown field is of Lower
Cretaceous age and occurs in the Kootenai formation. The history
of the identification of the formation in the Great Falls field to the

west and its correlation with certain sediments in Canada is set forth
in a paper by C. A. Fisher,*and since the Great Falls and the Lewistown
fields comprise practically a single geologic unit so far as the Kootenai
is concerned, the following extract from Fisher’s discussion has a
direct application to the area tq which this report relates, and is
therefore quoted:

The name Kootenai, after a tribe of Indians who hunted in the southern Canadian
Rockies, was first proposed in 1885 by Dr. George M. Dawson, to apply to beds consist-
ing of sandstones, shales, and shaly sandstones in which there are occasional layers of
conglomerate, also a zone of workable coal beds. The area originally described was
located along the Rocky Mountain front range in Alberta, between the forty-ninth
parallel and Medicine Bow River, including an area about 140 miles long and 40 miles
wide. Plants collected from this locality were reported on by Sir William Dawson,
‘who gave 22 forms, including new species in four different genera. In the first
" publication in which the formation receives its name, and where a list of fossils
from the beds is given, the following statements concerning the age of the beds are

a Southern extension of the Kootenai and Montana coal-hearing formations in northern Montana: Econ.
Geology, vol. 3, 1908, pp. 78-80.
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~ made by Sir William Dawson: ‘“The Kootenai series should probably be placed at the
base of the table as a representative of the Urgonian or Neocomian, or at the very least
should be held as not newer than the Shasta group of the United States geologists and
the lower sandstones and shales of the Queen Charlotte Islands. It would seem to
correspond in the character of its fossil plants with the oldest Cretaceous floras recog-
nized in Europe and Asia, and with that of the Kome formation in Greenland, as
described by Heer.” '

In 1887, two years after.the formation was described by Sir William Dawson in the
Canadian regiofis, Dr. J. 8. Newberry found fossil plants in the coal-bearing rocks of
the Great Falls region, which enabled him to make the definite statement that these
rocks are of the same age as those north of the international boundary line, described
by Dr. George M. Dawson, and designated the Kootenai series. Following this first
discovery by Doctor Newberry, additional fossil-plant collections were made from the
coal-bearing rocks of the Great Falls region by Messrs. Peale, Knowlton, Weed, Ward,
and others, which materially increased the number of species from this locality.
Prior to the investigation of this region by Weed,e no attempt had been made to give
a stratigraphic limit to the beds of Kootenai age in this locality, the chief interest
being centered on the descriptions of the flora and the correlation of the rocks in
which it was found with other localities, although fossil plants had been collected
from more than one geologic horizon. In Weed’s report, about 300 feet of beds, con-'
stituting what he called the Cascade formation, were regarded as of Kootenai, or Lower
Cretaceous, age. During the field season of 1906 large collections of fossil plants were
made by the writer at various horizons, which demonstrated that the Kootenai rocks
of the Great Falls region are not only thicker than previously supposed, but that they
probably constitute all the sediments between the Morrison formation and Colorado
shale in the vicinity of Great FFalls, and that the Dakota, or lowest member of the Upper
Cretaceous, is probably absent from this district. ’

In 1907 stratigraphic study was continued to the east by the writer,
and the succession was observed to be similar to that in the Great
Falls field, as in that field the evidence seemed to warrant the con-
clusion that the Kootenai comprised beds from 60 to 90 feet below
the coal up to the Colorado formation, and that the shale of the latter
therefore constitutes the lowest member of the Upper Cretaceous.
The geologic mapping in the Lewistown field thus differs from that
of Weed and Pirsson in the vicinity of the Judith Mountains in that
the Morrison formation is differentiated and the Kootenai includes
beds formerly assigned to the Dakota.

Character and thickness—The Kootenai formation in the Lewis-
town field consists of red or maroon colored clayey shale and heavy
bedded light-colored sandstone members. Limestone, usually in
concretionary form, but occasionally in thin beds, also occurs. In
general character the formation is fairly constant throughout the
field, but locally the beds are extremely variable. Sandstone mem-
bers of considerable thickness may disappear horizontally within a
few feet, so that a section made in one locality may differ markedly
from one a short distance away. The most persistent member of
the formation is a sandstone which overlies the coal and which is
from 60 to 90 feet above what is considered the top of the Jurassic.

aWeed, W. IL., Geol. Atlas U. S., Fort Benton folio (No. 55), U. 8. Geol. Survey, 1899.
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This sandstone where exposed is usually covered by pines, and so
constant is the association of timber with this member that it serves .
as a valuable guide in prospecting for coal. Even where vegetation
is lacking elsewhere in the vicinity the sandstone itself is usually
tree covered. Plate III, €, from a photograph of a strike ridge on
the north flank of South ’\Ioccasm Mountains, illustrates this feature. -
As a whole the physwal character of the Kootenagi formation
changes somewhat in passing from west to east across the field.
The sandstones become more calcareous, more or less pure limestones
appear, and limey concretions occur more abundantly in the maroon
shale. .The shale changes from markedly arenaceous to distinctly
argillaceous, and in the vicinity of the Judith Mountains might he
termed clay shale. Two sections showing the sequence and character
of beds in the Kootenai formation are given below: ‘

Section of Kootenai formation at head of Muddy Creek, 7 males west of Garneill, Mont.

Colorado shale. Feet.
Shale, maroon, sandy, with an occasional thin sandstone layer..... 200
Sandstone, gray, weathering tan, coarse grained.................. 8
Shale, maroon, sandy. .. ....ooooiii i 60
Sandstone, gray, coarse grained, weathering irregularly and contain-

ing woody fragments........... ... ... e 25
Shale, maroon, sandy..........oooooooiiiiiiiiLL . .. 72
Sandstone, gray, massive, pebbly. ... .. .. . . il 50
Partly concealed; sandstone members in upper part........ ... ... 42
Shale, grayish brown, compact....... P, e 6
Coal and carbonaceous shale...... ... ... ... . .. .. ... ... .. 3
Concealed, probably greenish, sandy shale....._...... .. .. ... .. 87

Morrison formation. _ —_—

Section of Kootenat formation on east slope of South Moccasin Mountains, Montana.

Colorado shale. Feet.
Partly concealed; red soil............ ... ... ... .. ... .. ......... 50
Sandstone, light colored, coarse grained, conglomeratic....... P 10
Shale, maroon, argillaceous..........................,. . 16
Sandstone, white, soft, cross bedded... .. .. ... ... ... ... .o, S 12
Concealed. .. ... ... .. iiiiil.. . 10
Sandstone. ... ... ..., i 3
Shale, maroon, argillaceous......._... .. .. .. .. ..ol 6
SandStone. . .« .o 2
Shale, maroon, argillaceous......... . ... .. .o o oL 30"
Sandstone, light colored, medium grained, cross bedded............ 18
Shale, maroon, argillaceous......... ... ... .o Lo il 20
Sandstone, llght colored; lower 3 feet contains small clay balls.. 15
Shale, maroon, argillaceous........... .. .. ... .. .. ... ..... 26
Sandstone, thinly bedded........ e JR 10
Shale, maroon, containing yellowish clay concretions.............. 15
Sandstone, light gray, fine grained, massive, calcareous at top..... 6

Shale, maroon, with several calcareous members containing clay
opebbles. o e 23
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A. FLAT MOUNTAIN FROM THE NORTHEAST.

B. KELLY HILL FROM THE WEST.

Showing fault scarp of Madison limestone.

C. SQUARE BUTTE AND STRIKE RIDGE OF KOOTENAI SANDSTONE ON NORTH FLANK OF
SOUTH MOCCASIN MOUNTAINS.
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Sandstone, white, soft, medium grained...... ... . ... ... ... .. .. 3
Shale, maroon and light colored, sandy....... e 6
Sandstone, coarse grained to pebbly; pebbles chiefly feldspathlc
with a few dark limestone up to linch....._............ ... .. 1
Shale, gray, sandy... .. 4
Sandstone gray, coarse gralned to pebbly, cross bedded ............ 60
Shale, dark, carbonaceous, with thin coal beds. . _...... .. ... e .10
Concealed. .. ... ... 80
Shale, dark gray................... e e 1
Sandstone, iron stained, calcareous....... .. ... ... ... .. ... .. 1
Limestone, argillaceous to sandy, without bedding, and weathering
into concretionary forms....... S e i 2
Shale, light gray, sandy, upper 2 feet dark bluish........... L 8

Morrison formation. . S

The detailed section may be considered as the type of the Kootenai
in the Lewistown field. It may be noted from this section that the -
coal of the formation is in close association with the heavy sandstone
member of which mention has been made. This sandstone is coarse
grained to pebbly in the western part of the field, but to the east is
finer textured. Its characteristic color is light gray when fresh, -
weathering gray or buff in the western area, and buff or pinkish to
the east. Cross bedding is a persistent feature

With the exception of the above sandstone member the Kootenal
is a rather easily eroded formation, and as a result it has a subdued
topographic expression. -Where inclined at a considerable angle the
sandstone member usually forms a prominent strike ridge, along whose
steep face the coal of the formation outcrops. Where the angle of
dip is slight the sandstone may appear at the surface over a consid-
erable area. A notable example is north of Rock Creek in the north-
central portion of T. 13 N.; R. 17 E., where the sandstone forms the
surface for several square miles, and where in consequence the coal -

‘is at only a slight depth. Similar conditions prevail for a mile-or so
to the north of McDonald Creek in the eastern part of the field. The
presence of this sandstone member is fortunate, since it has saved from
erosion a considerable area of coal in the above and similar localities.

Distribution.—The Kootenai is one of the most widely distributed
‘formations in the Lewistown ﬁeld and the clayey shales with their
brilliant coloring are a conspicuous feature over much of the field.
In the northwestern part of the field only the top of the Kootenai is
shown in a small area in the Sage Creek valley. Farther to the south
the outcrop of the formation enters the field as a band several miles in
width and trending nearly due south to the base of the Little Belt
Range, whereit turnssharply to theeast. MappinginT.12N., R.13E.,
did not include all of the Kootenai, as the formation extends a short
distance west of Antelope Creek. In T. 12 N, R. 14 E., a low anti-
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cline causes the Kootenal outcrop to widen considerably, though in
the southeastern part of the township overlying beds extend to the
very base of the mountains. To the east the outcrop widens again,
and northeast of the eastern end of the Little Belt Mountains the
red shale covers a considerable area. South of this range the forma-
tion is highly inclined and the Kootenai outcrop is a narrow band.

The Kootenai outcrop does not extend across Judith Gap, but
the red shale is again prominent around the west end of the Big Snowy
Mountains. In this vicinity the outcrop is about a mile wide, but
as 1t swings to the northeast the breadth of the outcrop gradually
increases, due to decrease in the angle of dip, until in the vicinity
of Lewistown the outcrop is about 5 miles wide. Rast of Lewistown
the shale is at the surface over a large area, although older forma-
tions exposed in minor uplifts or local surficial deposits occupy por-
tions of the district. The Kootenai outcrop continues eastward as
far as the survey extended on the north side of Middle Fork of
McDonald Creek. So far as the writer is aware no Cretaceous forma-
tions occur between the Big Snowy uplift and McDonald Creek.

Around the southern half of the Judith Mountains the Kootenai is
exposed with narrow and fairly regular outcrop. West of the dome
in T. 17 N, R. 19 E., complex structure causes the outcrop to be
muchmore irregular. Around South Moccasin Mountains thered shale
is again exposed, and minor domes to the north also bring them up.

The outcrop of the Kootenai is fully shown on the accompanying
geologic map. As the coal of the formation is not far above the base,
the formation boundary between Kootenai and Morrison in much of
the field is nearly coincident with the coal outcrop. The line of
contact with the overlying Colorado shale, as shown on the map, cor-
responds roughly with the 500-foot structural contour of the coal
horizon; in other words, the contact occurs where the coal horizon
is about 500 feet below the surface.

Stratigraphic relations.—So far as can be ascertained the Kootenai
formation rests conformably upon Morrison formation, and the
strata apparently represent an unbroken period of sedimentation
from Jurassic into Lower Cretaceous time. At the upper limit of
the formation relations are not so certain, however, although the
Kootenai is overlain with apparent conformity by Colorado shale.’
As the Dakota is believed not to be present, however, it follows that
betwen the Kootenai and the Colorado is a hiatus which elsewhere
is represented by several hundred feet of beds.

Fossils.—Plant remains, usually found in close association with
the coal, are the most abundant fossils found in the Kootenai, although
bones and fresh-water invertebrates also occur. The formation did
not prove to be very prolific in fossils in the Lewistown field, thus dif--
fering from the Great Falls area, where plants could usually be found
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wherever the carbonaceous shale members are exposed. Plant col-
lections made in the Kootenai of the Lewistown field were small and
included only one species, identified by F. H. Knowlton as Zamites
articus Gopp. Weed cites several additional forms from the coal
horizon near Giltedge. There can be no doubt, however, regarding
the correlation of the Kootenai in the Lewistown field with that of
the Great Falls field, where fossil evidence was abundant and deter-
7 minative, as the tracing of the outcrop was continuous from the lat-
ter district, except for the short distance across Judith Gap, where
the formation passes beneath rock of Upper Cretaceous age.
DAKOTA FORMATION.

7

In view of the possibility that the Dakota formation might be
“represented in the Lewistown field careful search was made for evi-
dence which would have a bearing on the question. All evidence
was negative, however; hence the Dakota has not been represented
on the geologic map (PL. T). '

UPPER CRETACEOUS.

COLORADO SHALE.

General statement.—The Colorado shale includes the rocks from
the top of the Kootenai formation, as previously described, to beds
of Montana age. In the region to the southeast and considerably
removed from the Lewistown field the Colorado group comprises two
formations—the Benton, which is essentially shale, and the Nio-
brara, which is largely limestone. In the central Montana region,
however, no limestone is present, but fossils which possess a Nio-
brara facies have been found®near the top of the shale. Since the
Niobrara may possibly be represented in the Lewistown field the
term ‘‘Benton shale” is not appropriate and the term ¢ Colorado
shale’ is used in.referring to the beds in question, as has been. done
in previous publications.

Character and thickness.—As indicated by the name, the Colorado
is principally shale, although in places sandstone occurs. The shale
is of somber color, dark gray and black predominating. In the
western part of the field, north of Utica, the basal member of the
formation is a coarse-grained, brownish-gray sandstone, 50 feet or
more thick, but eastward the sandstone is more shaly. Where the
latter characteristic prevails the sandstone is uniformly fine grained,
finely laminated, and so persistently brownish in color that the term’
“rusty beds” is very applicable.

a Stanton, T. W., Hatcher, J. B., and Knowlton. ¥. H., Geology and paleontology of the Judith River
beds: Bull. U. 8, Geol, Survey No, 257, 1905, p. 11.

\
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Few opportunities were presented for obtaining complete sections
of the Colorado shale, for wherever the beds are inclined at a slight
angle the dip can usually be only approximated. On the south slope
of Big Snowy Mountains, however, east of Garneill, the shale dips
steeply, and the thickness, sequence, and character of the beds
could be ascertained. A section of the Colorado shale at this locality
is given below:

Section of Colorado shale near head of Muddy Creek; 9 miles east of Garneill.

Eagle sandstone. Feet.

1. Shale, drab to black.............. . ... ... ...l ..l 720
2. Sandstone greenish, weathering brown, hard, ferrugmous fine

grained. ... ... 3
3. Shale, drab, with a hard bed 420 feet from base............... 675
4. Sandstone, grayish brown, thinly bedded, containing an abun-

dance of fish scales. ....... . .. .. .. ... ......lll.. 47
5. Shale, drab to black, containing occasional thin sandstone mem-

bers and a thin shaly sandstone at top..............0....... 890
6. Sandstone, brownish, finely laminated, alternating with thin

shaly layers ..... e e e e 25.

Kootenai formation. _—
2,360 _
In the northern part of the field between the Judith and Moc-
casin mountains the entire thickness of the Colorado shale is pres-
ent, and a section in this district, compiled from measurements made
in two localities, is given below:

Section of Colorado shale in northern part of Lewistown field.

Eagle sandstone. . Feet.
1..Shale, dark gray to black.............. e . 625
2. Sandstone, grayish brown, thinly bedded containing abundant
fishseales.............o. S22
3. Shale, drab to black. ... .. .o ... 288
4. Sandstone, coarse grained, grayish brown................. ..., 8
5. Shale, dark gray toblack. ... ... . .. .. . ... oillL. 470

~ 6. Sandstone and intercalated shale; the sandstone is fine grained

and laminated; both shale and sandstone Weather rusty

Kootenai formation. ' : —

The beds below No. 1 of the above section were measured along
the Lewistown-Denton stage road, east of South Moccasin Mountains,
and bed 1 was measured in Deer Creek laccolith. At the latter
locality a complete section of the Colorado was not obtainable, as the
beds below No. 1 are much disturbed by faulting.

A comparison of the foregoing sections shows a considerable
thickening of the Colorado southward, although the general char-
acter of the formation remains fairly constant. This change in
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thickness apparently affects only beds above No. 2 of the Deer
Creek section and above No. 4 of the section measured east of
Garneill. : '

Since the Colorado shale contains few resistant members it is es-
sentially. a formation of the plains, and is apt to be eroded for a
considerable distance from the mountains wherever the strata are
not steeply inclined. The basal sandstone member and bed 4 of the
Meadow Creek section give rise to pronounced strike ridges where
the dip is moderate, but as a rule the formation presents monotonous
topography. From its stratigraphic position and the characteristic
abundance of fish scales bed 4 may be considered as the representa-
tive of the Mowry sandstone of the Wyoming section.

The local occurrence of black fissile shale in the Colorado has led
to prospecting for coal in localities where it is exposed.. There is no
likelihood, however, that coal will be found anywhere within the
Lewistown field except in association with the gray, cross-bedded
sandstone of the Kootenai, and prospecting elsewhere is not likely
to lead to favorable results. ‘

Distribution.—The Colorado shale outcrops over a considerable
area of the Lewistown field. The gravel, which covers the greater
part of the western district, ‘rests upon Colorado shale, so that the
extent of the formation is not evident from the first glance at the
geologic map, as it is usually only where erosion has removed the
surficial material that the dark shale appears. Outside the area
covered by gravel, however, there is still a considerable aggregate
territory where the Colorado outcrops. In addition to the western
“area the Colorado shale occupies much of the surface between the
Judith and Moccasin mountains, and also to the east of the. former.
The outcrop of the formation is shown on the geologic map.

Stratigraphic relations.—As stated previously in the discussion of
the Kootenai formation, there is only a slight suggestion of an uncon-
formity at the base of the Colorado. At the top of the Colorado the
shale is overlain with apparent conformity by the arenaceous shale
and sandstone of the Eagle.” Both lower and upper limits of the
Colorado are based on lithologic grounds, the transition from the
Lower Cretaceous being marked by the change from red argillaceous
shale to finely laminated sandstone or arenaceous shale. The upper
limit is more marked lithologically, as there is a rather abrupt change
from dark shaly beds to the massive, light-colored, rather loosely
consolidated sandstone or sandy shale of the Eagle.

Fossils.—The stratigraphy of the Colorado shale in the general
region of central Montana has been studied in considerable detail
by previous workers, as the type locality of the Benton shale is but
a comparatively short distance to- the northwest of this field. No
special search for fossils in the Colorado was made in the Lewistown
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district. The dark shale just above the “rusty beds” yields Ino-
ceramus sp., and numerous Lingula sp. were noted in the sandstones
near the middle of the formation. Doubtless more careful search
would have revealed other forms.

MONTANA GROUP.
GENERAL STATEMENT. -

Investigations by Stanton and Hatcher¢ have determined the
stratigraphic limits of the formations which comprise the Montana
group in northern Montana. The lowermost of these formations is
the Eagle, with Claggett, Judith River, and Bearpaw in ascending
order. Of these formations Only the first two are recognized in the
Lewistown field, although there is a possibility that higher beds may
be present.

EAGLE SANDSTONE.

Character and thickness.—The Eagle sandstone, named by Weed
from the type locality near the mouth of Eagle Creek, immediately
overlies the dark Colorado shale. White or yellow sandstones make
up the mass of the formation in the Lewistown field, and where shale
oceurs it is sandy. Within the field the Eagle is not a conspicuous
formation, although in its type locality it forms bold cliffs. This
lack of topographic expression is due to several factors. In the
southern part of the field, where the Eagle occurs, the beds dip steeply
and are covered by surficial material. “ In the extreme northern
part of the area, where the Iagle also occurs, like conditions hold;
and in certain other localities only the basal member. which is a soft
inconspicuous sandstone, is present.

The sandstones of the ‘formation are in some places 1oosely consoli-
dated, and in other places are more compact, coarsely cross bedded,
and frequently contain ironstone concretions and thin lignitic beds,
but no workable coals were observed in the area studied, although
the formation is coal bearing in certain localities outside of this field.
Exposures of the Eagle sandstone are not common in the Lewistown
field, and the only complete section obtained was measured on the
south flank of the Big Snowy Mountains, east of Garneill, outside of
the area mapped. It is introduced here mainly to show the succes-
sion of the beds for this general region.

a Stanton, T. W., Hatcher, J. B., and Knowlton, I*. IL,, Geology and paleontology of the Judith River
Deds: Bull. U. S. Geol. Survey No. 257, 1905.
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Section of Eagle sandstone on south flank of Big Snowy Mountains, 9 miles east of

Garnetll.
Feet.
1. Shale, dark blue, containing fragments of carbonized wood........ 5
2. Sandstone, soft, yellowish, cross bedded, containing iron con-
cretions and carbonized wood. ... ... ... Lol 53
3. Sandstone, soft, white, containing layers weathering to pisolitic
forms .. oeeii e P 170
4. Shale, yellowish, sandy............ e 70
5. Sandstone, soft, white, with carbonaceous shale layer at top; a
few leaf impressions were found........ ... ... ool 10

Colorado shale. P

A partial section of fhe'Eagle was measured in Deer Creek dome,
and is as follows:

Section of Eagle sandstone in Deer Creek dome.

Feet.

1. Sandstone, white, soft, coarse grained, containing carbonized
"wood fragments at top........... . . ..ol 61
2. Partly concealed, but where exposed is a yellow, sandy shale.. .. 125
186

Distribution.—Eagle sandstone outcrops in the southern portion
of the area in the vicinity of Judith Gap, and in the district between
the Judith and Moccasin mountains. It also occupies a few square
miles of surface to the east of the Judith Mountains, and there are two
small isolated areas south of Warm Spring Creek, one north of the
western extension of the Judith Mountains and the othe1 north of
South Moccasin Mountains. :

The presence of the Eagle sandstone or other rocks of Montana
age was not recognized by Weed and Pirsson in their geologic report
on the Judith. Mountains and vicinity. That the formation is pres-
ent in that district, as shown on the accompanying map (PL I),
is scarcely to be doubted. Direct fossil evidence is lacking, the beds
in question having yielded only Baculites sp. and Pecten sp., which
are insufficient to differentiate them paleontologically from the
underlymg Colorado shale. It is unlikely, however, that the beds
given under the Deer Creek section are a part of the Colorado shale,
which is elsewhere characteristically dark in color. In addltlon
similar sandstones are overlain in the Judith Gap area by greenish
shales and brownish sandstones, from which typical Montana fossils,
both plants and invertebrates, were obtained. The same succession
of beds occurs in the Judith Mountains district, so that no hesitancy
was felt in mapping certain beds in that district as Eagle, even in the
absence of direct fossil evidence.  In the district no attempt was
made to differentiate the Eagle and the ovellying Claggett in map-
ping, and the formations are therefore shown in one color on the
geologic map.

.88867—Bull. 390—09——3
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CLAGGETT FORMATION.

General character—Overlying the Eagle sandstone is a succession of
sandstones and shales, which are believed to be the equivalent of the
Claggett formation as described by Stanton and Hatcher.s Where
exposed east of Garneill this formation contains near its base about
100 feet of dark drab or greenish shale in which are concretions con-
taining Baculites ovatus Say. Above are sandstones which resemble
the massive members of the Eagle. Leaves were obtained from the
sandstones, but they were too poorly preserved for positive identifica-
tion. The upper part of the formation consists of yellowish-green
shale -or chocolate-colored sandstone. A section of this part of the
Claggett is as follows:

Section of part of Claggett formation near south line of sec. 18, T. 11 N., R. 16 E.

Gravel. ) Feet. )

1. Shale, greenish, and white sandstone, the shale predominating; a
leaf-bearing horizon occurs 10 feet from base.................. 21

2. ‘Shale, dull green and greenish yellow, with occasional chocolate-
colored sandstones:.......ccoueeiii i 66

3. Shale, dull green and yellow, with a thin, soft, platy, leaf-bearing
sandstone at top....... ... L i 21
4. Shale, sandy, yellowish green..........._.... e 5
5. Sandstone, soft, light gray................... e, ... 16
6. Partly concealed; dull greenish soil............... e 70
199

In the vicinity of Judith Gap the thickness of the Chggett is con-
siderable, but could not be ascertained, for the formation is so cov-
ered by surface wash or terrace materml that the amount of dip is
very uncertain. Stanton and Hatcher have assigned to the forma-
tion a thickness of 370 to 470 feet in the vicinity of Cow Creek, north
of the Lewistown field, but itis probable that it is much thicker in the
vicinity of Judith Gap. In the northern part of the field also, where
the Claggett occurs, no measurement of its thickness could be ob-
tained. '

The Claggett is essentially a soft formation, and in consequence its
topography is rather expressionless. In only one locality in the field,
namely, in the northeastern part of T. 11 N.; R. 16 E., are even the
lower sandstones prominent.

Distribution and stratigraphic relations.—The description of the
areal distribution of the Eagle sandstone is nearly applicable to the
Claggett formation. The Claggett shales and sandstones are exposed
in a considerable area in the southern part of the field and in the
district between the Judith and North Moccasin mountains. - They
lie conformably upon the Kagle sandstone and presumably are the
latest rocks of Cretaceous age represented in the Lewistown field.

@ Op. cit.
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Fossils.—Although leaves were found at several horizons in the
Claggett, all were in a poor state of preservation and could not be
identified. Invertebrate forms were found in sandstone exposed in a -
railroad cut south of Garneill, and include the following, as identified
by T. W. Stanton: Ostrea subtrigonalis E. and S., Modiola sp., Cor-
bula subtrigonalis M. and H., Melania? sp..

These fossils are known to occur elsewhere in the Claggett as well
as in the overlying Judith River formation.

QUATERNARY SYSTEM.

HOT-SPRING DEPOSITS.

General statement.—In certain parts of the Lewistown field there
occurs at the surface a flat-lying, white, locally massive limestone,
which represents remnants of formerly extensive hot-spring deposits.
From a distance this limestone might be mistaken for the upper
massive member of the Madison formation, and in fact this resem-
blance has caused the deposit to be correlated in a previous report ¢
with the limestone of the Carboniferous. That it is not Madison,
however, is plainly evident, both from the structural relations of the
deposit to the underlying beds and from its lithologic character.

Detailed character—The travertine presents a somewhat variable
lithologic character, locally resembling a massively bedded limestone,
and in other places having the banded, vesicular, or stalactitic appear-
ance so common to deposits originating from hot springs. Where
fully exposed to the weather it tends to break down into bowlders of
roughly rounded form with a deeply pitted surface. In certain
localities the travertine is highly vesicular, or contains pipes from
one-fourth to one-half inch in diameter, which F. H. Knowlton states
are probably casts of Typha, or common cat-tail. Small cavities
which have been partly filled with stalactitic material are of common
occurrence. Locally the deposit is finely banded. The accompany-
ing photosrraphs (PL IV) show this variable megascopic appearance
of the spring deposit.

Microscopically the travertine appears to be almost entirely calcite,
much of which is secondary filling in veins or cavities. Where the
rock is banded a thin section shows that the veins are subparallel,
with oolitic calcite grams between. Several sections show the pres-
ence of small quartz grains, but they are not of frequent occurrence.

Distribution.—The travertine occurs chiefly in the vicinity of the

. " Moccasin and Judith mountains and along McDonald Creek divide.

Castle Butte, a marked topographic feature about 7 miles south of
Lewistown, is also a remnant of the spring deposit. The largest area

a Weed, W. F., and Pirsson, L. V., Geology and mineral resources of Judith Mountains of Montana:
Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1898, p. 501,
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of the travertine, including about 6 square miles, lies between Warm
Spring Creek and North Moccasin Mountains. Here, as elsewhere in
the field, the travertine is flat lying and rests unconformably on older
rocks. The surface is gently undulating, and except near the edges,
where it breaks down into cliffs, supports in places a growth of small
pines, with open, patklike spaces between. Because of this general
appearance the travertine area is locally termed The Park, a name
which is also applied to the capping of Flat Mountain. The thick-
ness of the spring deposit is cons1derable in this locality, reaching a
maximum of about 250 feet.

In the vicinity of South Moccasin Mountams there -are two small
buttes, which are erosion remnants capped by travertine. The
northern of the two, termed Square Butte, is located near'the south-
east corner of T. 17 N., R. 17 E. The accompanying illustration
(PL. III, 0), a view of Square Butte, shows the manner in which the
spring deposit lies horizontally on highly inclined Mesozoic strata.

To the south of Judith Mountains are several areas of travertine,
whose extent aggregates about the same as The Park. The larger

‘area caps Flat Mountain (see P1. ITI, A), which might be considered

topographically as the southernmost extension of the Judith Moun-
tains. Flat Mountain is largely erosional, however, instead of struc-
tural, as has been suggested by Weed and Plrsson @ who describe it
as follows.

This is the large flat-topped elevation which is the most southern one shown on the
map. From it there runs southward a divide which'is much lower and which passes
into a group of hills, most inappropriately known as the Little Snowys, foothills of
Big Snowy Mountains. Flat Mountain is both topographically and geologically the
southern terminus of the Judith Mountains. On top it is somewhat gently undulating
with open parklike spaces alternating with groves of small pines and stretches of level
limestones. On the -outer slopes of the mountains these limestones are very apt to
break down into a low cliff, and from the open country to the east, south or to the
southeast these long lines of white ledges of the upper Carboniferous are very con-
spicuous and sharply-define the mountains as they rise above the dark pine-covered
talus below. * * * TFlat Mountain itself is evidently a large single laccolith, or a
series of laccoliths, forming one of the combined type whose Paleozeic cover has not
yet been broken through.

Field study in the vicinity of Flat Mountain convmced the Wntel
that Weed and Pirsson, probably on account of the hasty nature of
their investigation, misinterpreted the structure near the southern
end of the Judith Mountains, and consequently did not recognize the
true character of the limestone which in the foregoing quotation they
assign to. the Carboniferous. -

From the geologlc map it may be noted that Flat Mountain lies
between one major and two minor uplifts. On the north side of the
mountain the beds dip to the south under the horizontal limestone

@ Op. cit,
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" cap and normally away from the main uplift of the Judith Moun-
tains. To the east is a small structural dome, from which the Ellis,
Morrison, and Kootenai dip westward at.a slight angle beneath the
travertine cover of Flat Mountain. The mountain is to the north of
another dome, and there the beds dip, also- at a-small angle, north-
ward and under the spmnu deposit. West of Flat Mountain is Kelly .
Hill, whose structure is that of a dome broken by a fault, with a
sharp synclinal fold between the two uplifts. The structure of Flat
Mountain is consequently synclinal, and the travertine is lying
horizontally across beds of varying dips. In the center of the
travertine area the entire thickness of the Kootenai is probably pres-
ent, while on the north side of the mountain the spring deposit is in
contact with Kootenai, Morrison, and Ellis. The northern slope of
Flat Mountain is densely timbered with secoiid-growth pine, but
the strike of the massive sandstone overlying the coal may be traced
without difficulty, as it curves normally around the southern end of
the Judith uplift.

South of Flat Mountain is another area of considerable extent,
with smaller outliers, where travertine forms the surface, and con-
cerning this area Weed and Pirsson make the following statement:®

South from here [Flat Mountain] the limestones of the Paleozoic are again seen in
a prominent hill, and on the main fork of McDonald Creek, not seen on the map,

the Cretaceous is faulted. against the Carboniferous, the stream at one point cutting
the fault line.

It appears that here again the structure was misconstrued, for, as
in Flat Mountain, the-travertine, which, as noted in the above quo-
tation, was considered to be Carboniferous limestone, is lying uncon-
formably on beds which, although disturbed by dommg, do not
appear to be faulted.

The occurrence of the travertine and the misunderstanding of its
structural relations with the Kootenai formation have had consid-
erable effect on the development of coal in the vicinity of the spring
deposits. Near Flat Mountain it has been believed that the coal
bed would be cut off a short distance from the outcrop by what was
considered Carboniferous limestone. The relation of the travertine
to mining conditions will be discussed more fully later, in the portion
of the report relating to economic geology.

Origin.—It seems evident from a field study of the travertine
deposits that they are connected genetically with the laccolithic
intrusions of the Judith and Moccasin mountains. With the excep-
tion of Castle Butte, each travertine area represented in the field isin”
close proximity either to the mainigneous masses of the mountain groups
or to the minor structural domes in the vicinity of the McDonald
Creek divide. To anticipate certain features which belong properly

a Qp. cit., p. 501.
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under the general heading of structure rather than svtratigraphy, it
may be stated that not only are the Judith and Mocecasin groups of
laccolithic origin, but also the various domes in their vicinity proba-
bly owe their structure to similar causes. The most natural infer-
ence regarding the source of the heat which caused hot springs to be
a feature of the region at one time is that the elevated temperature
was due to near-by intrusives, and therefore it may almost be hy-
pothesized that the springs were active during the period of cooling
in the Judith and Moccasin igneous masses. Heated waters, proba-
bly charged with carbonic acid—a most natural solvent for calcium
carbonate—may have passed through the Madison limestone and,
finding means of access through fractures developed in the process
of doming, deposited the travertine at the surface upon release of
pressure and decrease of temperature.

As to the vents by which the mineralized waters escaped, it would
appear that here again the domes were a factor. The structural
movement which resulted in the formation of these minor uplifts
was probably accompanied by more or less fracturing of the strata

“involved, and along these lines of weakness circulating waters would
naturally flow. Near the center of the dome in the southwestern
part of T. 15 N., R. 20 E.,are two travertine remnants, which may
have been the locatlon of vents They appear as Whlte calcareous
masses protruding from the dark shale of the Ellis, but the exact
relations of the travertine to the shale could not be ascertained
because of talus material thickly scattered about the base. The
spring depos1t is at approximately the same level as that to the
east and west of the structural dome, and because of this it might
be inferred that they may not represent vents, but merely parts of
the same general deposit. Several factors seem to be inharmonious
with this hypothesis, however. The travertine remnants are much
more highly siliceous here than elsewhere, as is usually the case with
travertine deposit nearest the orifice from which the water flows.
In addition there were noted in the mass several small irregular
fissures, which have been completely filled by sand and pebbles—a
likely occurrence at the time the opening through which the water
issued was being closed at the last stage of hot-spring activity. = The
remnants, too, are in a locality where vents were apt to form—almost
at the center of the dome. Taking all things into consideration,
therefore, it seems probable that much, if not all, of the travertine
which has been deposited in the vicinity of this dome had its source
in waters issuing from the locality in question.

There is an alternative hypothesis relative to the source of the
waters. The main travertine masses to the south and east of the
structural dome are fissured to a considerable extent, and these
fissures themselves may possibly have served as vents for the heated
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waters. The fissures are in places 3 or 4 feet wide, with sides cleanly
cut, almost vertical, and in one instance at least seem to penetrate
below what was considered to be the thickness of the travertine
itself. If such is the case, no other explanation can be offered for
the fissure than that it served as a vent for the waters, for had the
fissuring occurred subsequent to the deposition of the travertine it is
unlikely that it would have extended into the soft underlying rocks,
but only the more massive spring deposit itself would have been
affected.

The travertine that caps Flat Mountain can scarcely be considered
as having the same source as that to the south of the McDonald
Creek divide, for the Flat Mountain deposit lies more than 300 feet
above the level of the travertine to the south. In the vicinity of
Flat Mountain there is no apparent evidence of a vent for the hot
waters. This vent was probably in the main Judith mass, and all
traces of its location have been removed by erosion.

The travertine deposits in the vicinity of the Moccasin Mountains
also present difficulties in regard to the question of the source of the
mineralized waters. The large area termed The Park is fissured
to a considerable extent, but it is extremely doubtful if these ever
‘served as vents for ascending water. It is likely that in the neigh-
borhood of the Moccasin Mountains, as in Flat Mountain, the vents
have been well up on the slopes and all traces of them have been
removed by erosion in the long interval which has elapsed since the
period of travertine deposition.

Age.—It is believed that the travertine deposits of the Lewistown
field are not recent, nor perhaps even as late as Quaternary time.
The criteria upon which this conclusion is based are several and will
be considered separately. Presuming that the lime-charged waters
owed their temperature to igneous intrusions, it might be argued,
because of the occurrence of a warm spring between.the Moccasin
Mountains, that the laccoliths are yet far from cooled and that the
spring represents the last phase of general hot-spring activity. If .
this is true the deposits need not of necessity be placed far back in
the geologic time scale. If the spring does represent the last phase
of such activity, however, it would seem highly improbable that it
should be the only one in the entire district whose temperature is
noticeably above the average. Likewise, it would seem strange that
not even this spring is depositing lime. In fact, field analysis of its
waters shows that they contain no more than the average of carbon-
ates for that region. It might also be argued that the temperature is
aresult of recent faulting, and the fact that the spring is directly on a
fault line gives weight to that assumption. However, numerous other
faults, apparently contemporaneous, occur in the region, and since
springs near them are not affected as regards temperature, it would
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seem that some other cause should be sought to account for the
exceptional temperature of the water of Warm Spring.

A much more probable theory regarding the elevated temperature
of the spring water is that it has come from a considerable depth.
The drainage area of Warm Spring Creek is largely a structural basin,
the underground waters of which would find an' outlet through the
syncline between North Moccasin and South Moccasin mountains
and find access to the surface on the plane of the fault. The princi-
pal water-bearing stratum of this region is the massive sandstone which
overlies the coal and which is exposed along the flanks of the Judith
and Moccasin mountains on the rim of the structural basin. A
mile southeast of the spring this sandstone is buried by practically
the entire thickness of the Colorado shale, which, in addition to the
400 feet of Kootenai sediments that comprise the interval between
the sandstone in question and the Colorado formation, would fix the
depth to the water zone in the above locality at about 1,800 feet.
Since the temperature of the spring water is about 70° F., and that
of the average spring of the district about 50° F., an increase of 1°
for each 90 feet of depth will account for the temperature of the
water in question. ’

That the travertine is not of recent age is shown by the amount
of erosion which has taken place since its deposition. The traver-
tine areas are but remnants of their original extent, and they are now
from 400 to 700 feet above the main drainages of the field. The
view of Square Butte (P1. III, O) gives some idea of the amount of
this erosion in the vicinity of the South Moccasin Mountains. What
length of time has been necessary to accomplish this erosion can
only be conjectured, but it must have been considerable.

For the purpose of age correlation it is unfortunate that the rela-
tion between the travertine and the gravel, which occupies much of
the surface in the field, could not be ascertained. No gravel was
seen on any of the travertine areas, nor on the other hand was the
spring deposit noted to lie upon such material. Topographic rela-
tions of the two deposits in the vicinity of the South Moccasin
Mountains, however, seem to indicate that the travertine is the
older, as it occurs at a considerably greater elevation, that of the
travertine remnant to the south of the uplift being 4,800 feet above
sea level, while the terraces which are adjacent to the mountains on
the west and upon which the gravel deposits occur do not rise above
4,500 feet. As these upper terraces are believed to be earlier than
late Pleistocene, the travertine must be assigned to an earlier period.
All things being taken into consideration, therefore, it appears that,
while definite evidence is lackmg, the period of hot-spring deposmlon
in the Lewistown field was in early Quaternary time.
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TERRACE GRAVEL.

Distribution.—The most conspicuous surficial deposit in the Lewis-
town field is gravel. It occurs on terraces in much of the area in the
“western half of the district and is also found in the vicinity of the
Moccasin and Judith mountains, extending a considerable distance
east of the latter. In the western district the terraces are well
preserved, and there are areas of many square miles where streams
have not cut through the gravel Near the base of the mountains
only remnants of terraces remain, which occupy the summits of the
higher hills.

As a rule the limits of the terraces are not well deﬁned although
the deposits are shown on the geological map with definite boundarles
So gradually does the material covering the terraces thin away from

the mountains that the line of delimitation is often exceedingly
obscure. There is no doubt that the deposits were formerly much
more extensive, and they probably covered much of the entire
area, exclusive of the mountain tracts.

Character and source of material.—The material is gravel, sometimes
rather loosely consolidated, with sand filling the interstitial spaces,
but more often it is umted firmly by calcareous cement. The
lithology of the pebbles indicates their source. In the western
area they are composed almost entirely of limestones and occasionally
quartzites, which have no doubt been derived from the Madison
and underlying formations, for many of the calcareous pebbles
contain Mississippian fossils. Near the Snowy Mountains the
gravel is likewise composed chiefly of limestone pebbles, but sand-
stone pebbles are also present. Farther out on the plains the per-
centage of sandstone decreases, probably because it is less resistant
‘than limestone. The size of the pebbles also varies inversely with
the distance from their source. Near the mountains many of the
pebbles are of cobblestone dimensions, but they gradually decrease
in size as the distance from the mountains increases. The. gravel
adjacent to the Judith and Moccasin mountains is composed largely
of crystalline pebbles which have been derived from the rocks com-
posing the mountain groups. '

- In thickness the gravel varies from a mere film to more than 100
feet, the maximum occurring in the vicinity of Moore.

Origin of terraces—There are various theories current regarding
the manner in which the terraces were formed in'the Lewistown
field and other regions similarly situated with respect to the Rocky
Mountain front. The writer is of the opinion that those of the Lewis-
town area, except possibly certain high remnants in the vicinity of
Judith and Moccasin mountains, have been formed by widely meander-
ing streams, and that the various terrace levels represent either differ-
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ential uplift in the mountain tracts or rather extreme variations in
climatic conditions. In fact, both causes may have been in operation
simultaneously.

Age.—The question of the age of the terrace in the Lewistown
field is one which can not'be s&tlsfactorlly answered. Such evidence
as has a direct bearing on the problem must depend in this instance
upon the correlation of similar deposits at a considerable distance
from the field. Certain evidence is to be-obtained in. the field itself,
however, and a consideration of the age of the terraces must take
into account the following facts:

No apparent evidence of glaciation, either local or continental, is
presented in the Lewistown field. The pebbles which occur on the
terraces seem to be without striation, so that they are not to be con-
sidered as of glacial origin.

The deposits covering the terraces in the western area are composed
mainly of limestones derived from the adjacent Little Belt and Big
Snowy ranges, and those covering the terraces in the vicinity of the
Judith and Moccasin mountains are composed mainly of crystalline
rocks and limestones derived from the rocks of the adjacent mountains.
The pebbles, therefore, represent strata which were deeply buried at
the time of uplift, for a great thickness of Mesozoic and Cretaceous
strata was removed before the limestones of the Little Belt and Big
Snowy areas and the crystalline rocks of the Judith and Moccasin
mountains were exposed to erosion. Previous workers in the Little
Belt Mountains state that the last period of uplift took place in
Neocene time, and Weed asserts that in the Judith and Moccasin
mountains, which are laccolithic in origin, the intrusions probably
occurred at some period which was post-Laramie and pre-Miocene.
Subsequent to this general uplift a period of peneplanation occurred,
and remnants of this peneplain possibly remain in the Lewistown
field, preserved by travertine deposits which lie horizontally on tilted
beds. How long a period elapsed after the uplift before relative
base leveling was accomplished can only be conjectured, so that of
the highest terraces it can only be said that they do not antedate
Neocene times. '
 Another factor which should be taken into consideration is the
amount of erosion which has taken place between the formation of
the highest terrace and that of those now in course of construction
in many of the stream valleys. The highest terrace represented in
the remnant south of Utica is more than 600 feet above Judith
River. Under present climatic conditions and rate of erosion this
amount must have required a considerable period, but its extent is .
too uncertain for age correlation.



IGNEOUS AND METAMORPHIC ROCKS. 43

More definite information regarding the age of the terraces was
obtained in the course of a reconnaissance® in 1906, which included
the area adjacent to the Lewis Range about 60 miles west of Great
Falls. Four terraces are represented in this area, the next to the
highest of which is believed, from observations that have extended
from the Lewis Range southeastward into the Lewistown field, to
be contemporaneous with the upper terrace in the latter area. In
the bottom of the valley of Sun River, where it issues from the Lewis
Range, and 400 to 500 feet below the oldest terraces, are found ter-
minal moraines of mountain glaciers, which have been shown by
Calhoun?® to be slightly older than moraines of the continental ice
sheet; the latter, he asserts, are probably Wisconsin in age. A con-
siderable period must have elapsed, sufficient for the erosion of the
Sun River valley, between the formation of the highest terrace and
local glaciation, and the extent of this erosion has been so great that
Calhoun places the age of the oldest terrace as pre-Pleistocene. If
this assumption is correct the older terraces of the Lewistown field
antedate the last glacial epoch by a considerable period, and may
possibly date back into early Quaternary time.

ALLUVIUM.

No attempt was made in field mapping to include alluvium,
although it occurs in many of the stream valleys. Its character
varies naturally with that of the rocks from which it is derived.
Since the greater number of the streams in the area flow over Colorado
shale in much of their courses, the alluvium is usually dark and argil-
laceous. That originating from the clays and shales of the Kootenal
usually possesses the cha:acteristic red color of the Lower Cretaceous
in this region.

' IGNEOUS AND METAMORPHIC ROCKS,

Within the area mapped geologically, crystalline and altered sedi-
mentary rocks are not of frequent occurrence. In both the Judith
and the Moccasin mountains igneous rocks make up much of the
mountain mass, but the higher portion of these topographlc features
were not examined. In the Judith Mountains the igneous rocks
have been studied in detail by Weed and Pirsson. As noted by
-these authors, they are of unusual interest and ‘‘comprise granite
porphyry, syenite, syenite porphyry, and diorite porphyry in the
main masses, with dikes and sheets of phonolite porphyry called
tinguaite porphyry.” :

e Fisher, C. A., Geology and water resources of the Great Falls region: Water—Sul.)pIy Paper U. S. Geol. -
Survey No. 221, 1908.

b Calhoun, F. C., The Montana lobe of the Keewatin ice sheet: Prof. Paper U. S, Geol. Survey No. 50,
1906, .
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T. 17 N, R. 19 E,, contains several comparatively small bodies of
igneous rock. The most prominent of these form two high, nearly
conical hills, called Bald Butte and Porphyry Peak. Only a portion |
of the latter is mapped geologically. They are composed of grayish
syenite porphyry, which weathers into sharp angular plates and
blocks, very dark in color. The Colorado shale, which extends
through the narrow saddle between these hills, appears to be little
altered by metamorphism. v

South of the buttes and north of Warm Spring Creek a consider-
able area of igneous rock is exposed. Weed and Pirsson have mapped
these as representing sheets and sills, but the writer does not agree
in this conclusion, as no sedimentary rocks were noted in this particu-
lar locality, and on the accompanying geologic map the entire area
is shown as igneous. It is probable that the area in question is a
part of the Bald Butte igneous mass. The structural relations of
this igneous rock to the sedimentary beds is not clear, but, as sug-
gested by Weed and Pirsson, it is likely that the porphyry has been
intruded directly through the strata, without reference to the bed-
ding. , '

Another occurrence of porphyry was noted in'a rudely circular
structural dome through which Warm Spring Creek has cut and
exposed its structure. The rock is here a considerably altered quartz-
bearing, yellowish porphyry, which weathers into small chiplike
fragments. As elsewhere in this locality where igneous rocks were
noted, there appears to be but little contact metamorphism.

Northeast of the above locality a thin sill of igneous material was
noted in Deer Creek dome, which has been intruded into the dark
shale of the Ellis formation, and on the east limb of the dome a tongue
of syenite porphyry extends to the west for a short distance from
the main igneous mass. '

Along the southern flank of the Judith Mountains, between Magin-
nis Peak and Ross Pass, and east of the Pass to the terminus of the
mountains, Weed and Pirsson have mapped both Lower Cretaceous
and Jurassic, with the latter in contact with igneous rocks. While
the investigation made last season (1907) in this particular locality
was somewha,t'ha,sty and the relation of the sedimentary to the
igneous rocks was not studied in detail, the writer is doubtful if rocks
older than Upper Cretaceous are exposed south of the intrusives
anywhere in the locality in question. An exception to this is in the
vicinity of Ross Pass, where local folding has brought up Lower
Cretaceous rocks. '

In sec. 11, T. 17 N., R. 20 E., there is a small hill, along which. the
Giltedge-Maginnis road passes, which is composed of acidic porphyry.
The intrusion here has been in Colorado shale, which has been but
little disturbed. :
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With the exception of the district contiguous to the northern half
of the Judith Mountains, dikes are rarely present. A cut of the Bil-
-lings and Northern Railroad in sec. 9, T. 15 N., R. 13 E., exposes a
dike trending N. 29° E. North of the railroad this dike can be
traced only a short distance, but to the southwest it may be fol-
lowed almost to the west line of the township. A much smaller dike
was noted in sec. 7, T. 16 N, R. 13 E., and still another cuts through
Colorado shale a few miles east of Utica. None is in a coal area, and
consequently all are unimportant in the present consideration.
Of the above occurrences of igneous rocks, that in the Warm
. Spring Creek dome is the only one which is near an area of workable
coal. Even in this locality, however, the character of the coal does
not appear to have been affected noticeably by metamorphism,
although in openings nearest the igneous mass the coal was noted
to be somewhat crushed, probably by structural movement.

STRUCTURE.

GENERAL STATEMENT.

In any coal field the extent, character, accessibility, and conse-
quent conditions for development are more or less related to the struc-
ture of the rocks in that particular field. In the Lewistown field this
relationship is well illustrated. '

It is probable that coal-forming conditions prevailed over the entire

field during a certain epoch of Lower Cretaceous time, but it appears
that it was only in isolated areas of comparatively limited extent
that conditions. were sufficiently ideal for the formation of coal of
workable thickness, sincé in much of the field the coal zone is repre-
sented by only a fewinches of carbonaceous shale. -Subsequently the
coal was buried by several thousand feet of alternating fresh-water
and marine sediments of Lower and Upper Cretaceous age. Then
followed a period of mountain building; the Little Belt and Big
Snowy anticlines were formed and the intrusions of the Judith and
Moccasin groups were forced into sediments of varying age. At
possibly the same general period the rocks of the area adjacent to
the mountain tracts ‘were folded and faulted locally. Since this
period of disturbance there has been a long interval of erosion, and in
the mountain areas not only the rocks overlying the coal have been
removed but also much of the older rock. This removal has extended
in a lesser degree to areas in the plains region along the base of the
mountains, especially in the district between the Big Snowy Range
and the Judith Mountains. In this latter area, because of the occur-
rence of minor domes, the structure has favored erosion, and consider-
able .coal has been removed, the extent of which can perhaps be
- judged better from the geologic map than from description.
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MAJOR FEATURES.

As previously suggested, the major structural features of the Lewis-
town region are the anticlines which form the Little Belt and Big
Snowy mountains and the laccoliths of the Judith and Moccasin
mountain groups. Detailed study of the geology was not madein any
of the mountain tracts, but as their general structure has a bearing on
the occurrence and the development of the coal the main features
were noted.

Lattle Belt Mountains.—As indicated on the map, the Little Belt
Range extends into the field from the west and ends rather abruptly
inT. 11 N,, R. 15 E." In this district the range consists of a sharply
folded unsymmetrlcal anticline. Along the northern base the Madison
limestone is standing nearly vertical, or even with a dip to the south,
while beds stratigraphically above the Madison are likewise sharply
upturned and usually exposed as narrow bands whose widths corre-
spond closely with the actual thickness of the formations. The Little
Belt anticline, therefore, is slightly overturned to the north, and this
structural condition extends almost to the extreme eastern end of the
range, where the anticline assumes a normal position. A shortdistance
from the mountains, on the north side at least, the rocks dip to the
north only a few degrees. On the south side of the range the strata
dip steeply for a little distance from the base of the mountain. As
shown on the map, Plate II, the coal outcrop is near the base of the
mountain from the eastern end to a point near the western part of
T. 12 N,, R. 14 E., where a change' in amount and direction of dip,

together w1th mmor folds, results in the extension of the outcrop
along stream valleys a cons1derable distance into the plain.

Big Snowy Mountains. -—Only the extreme west end of the B1g

Snowy Range is included in the area mapped. The structure of
these mountains is similar to that of the Little Belt Range, except
that dips are steepest on the southside. To the north the rocks dip at
alow angle away from the uplift. In this district erosion has removed
Lower Cretaceous rocks from a considerable area, and consequently
many of the coal outcrops are miles away from the mountains.
_ Judith and Moccasin mountains.—The geology of the Judith Moun-
tains has been studied, and that of the Moccasin groups suggested, by
Weed and Pirsson, and beyond confirming the broader statements
of these geologists regarding the general structure of the mountains,
no investigation was undertaken by the writer. Of the Judith
Mountains Weed and Pirsson ¢ say:

In general, the mountains may be considered to be laccolithic; that is, they are due

to a number of dome-shaped uplifts with laccolithic intrusions of igneousrock. The
degradation of the region has exposed numbers of these bodies but has not usually

a Weed, W. I, and Pirsson, L. V., Geology and mineral resources of the Judith Mountains of Montana:
Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, p. 463.
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progressed far enough in the large ones to uncover their bases, so that their shapes and
thickness can only be inferred. Nor has erosion yet developed the laccoliths that
presumably underlie the domed arches which are a common feature of the mountains.

- It is at once seen that the structure is different from that of most mountain groups or
even that of the other island mountains of the plains, butissimilar to that of the near-by
Moccasins which may be considered a part of this group, and the Sweet Grass Hills
near the Canadian border * * *. In the southern half of the mountain group the
igneous intrusions appear to belaccolithic in character and the horizon invaded by the
larger bodies has been the shale beds of the Cambrian. This is not usually the case
in the vicinity of Judith Peak and the mountains east of it. Here the intrusions are
much more irregular and break across strata of different ages, though largely intruded-
in Cretaceous rocks.

Along the base of the Judith and Moccasin mountains dips are
usually 30° or more, and Kootenai rocks are exposed in narrow bands.
Consequently the coal outcrop in general remains very close to the
mountain mass. It is not continuous, however, but is broken here
and there by faults or by intrusions. Within the Judith Mountain
tract there are, according to Weed and Pirsson, several isolated areas
of Kootenai rocks which were forced upward at the time of intrusion.
No attempt was made in the present investigation, however, to rep-
resent such areas on the geologic map, as they are believed not to be
of economic importance.

MINOR FEATURES.
IFOLDS.

‘There is no evidence of structural disturbance in the broad basin
west of Lewistown other than the gradual rise of the strata towara
the mountains. In the district south of Utica, however (T. 13 N,
R. 13 E.), there are gentle folds, and on nearing the Little Belt
uplift the rocks are warped to a considerable degree. In sec. 17, T.
12 N, R.-13 E., just outside the area mapped, a sharply folded
anticline trends in a general east-west direction, and in secs. 15 and
16 a thrust fault has developed near the crest of the fold. The effect
of this stratigraphic break upon the coal outcrop will be noted in the-
general discussion of faults.

To the east this fault is lost beneath a gravel deposit in sec. 15,
and where the underlying rocks are again seen the fault has died out,
apparently ending in a sharply folded anticline. This fold broadens
eastward, but with steep dips on the north side. Dissection of the
anticline by the stream flowing through Saager Canyon has exposed
Jurassic rocks, and the coal outcrop is well up on the sides of the
valley in the center of the fold. Between the Saager Canyon anti-
cline and the Little Belt Mountains there is a shallow syncline and
the coal is covered by several hundred feet of younger rocks. East-
ward the anticline pitches gently, and the basal members of the
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Colorado shale extend within a short distance of the Little Belt
Range: ' ' 4

In the Judith Gap district the major anticlines of the Little Belt
and Big Snowy uplifts are connected by a minor fold with curving
axis. The line of the Colorado-Montana contact (see geologic map,
Pl. T) agrees approximately with the crest of this anticline across
Judith Gap. Dips southward on this nearly axial line are steep,
varying from 30° to 50°, but on the north side they are much less.
. The strata to the north of the Big Snowy Mountains do not appear
to be folded to the same degree as those similarly situated with
respect to the Little Belt Range and it is only at a considerable dis-
tance from the uplift that folds are deveioped. A sharply folded
anticline trends east-west near the center of T. 13 N., R. 17 E., and
is cut just to the north of its axial line by Rock Creek in its westerly
course through this township. On the north side of the stream the
coal horizon of the Kootenai is near the top of the bluff, while directly
across the valley and at the same elevation is the Quadrant formation.
Misunderstanding of this structure hasled to prospecting for coal on
the south side of Rock Creek, and the hope of finding coal has been
heightened by the occurrence of a thin bed in the Quadrant not far
below the level of the Kootenai coal across the valley. In this con-
nection it may be stated that Lower Cretaceous rocks have been
completely removed by erosion in the district between the Big Snowy
Mountains and the mines on the north side of Rock Creek, so that
prospecting for coal in that area will be unrewarded.

The district between the Rock Spring Creek anticline and the
Judith Mountains is one in which there has been more or less folding,
and because of such disturbance and the effect of erosion the coal
outcrop is very irregular. But little minor folding has taken place
adjacent to the Judith and Moccasin mountains except to the south
of the former and west of Kelly Hill.

DOMES.

In the vicinity of the Judith and Moccasin mountains, within the
territory mapped geologically, there are eleven domes in which
rocks older than Lower Cretaceous are exposed, while there are several
others which have not as yet been dissected to the same degrec. The
district of greatest disturbance is to the south of Judith Mountains, and
as this is an area of workable coal the structure is of considerable
importance to the coal miner. In this district there are six domes,
five of which are very similar in size and structure, so that a descrip-
tion of one is applicable to the others. Each dome has been dissected
more or less, and two are crossed by streams.

As shown by the geologic map (Pl L), four domes in T. 15 N., Rs.

-19 and 20 E, have as encircling rims the massive sandstone members
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of the Kootenai. In one dome, that south of Kelly Hill, the
standstones dip at angles varying from 4° or 5° on the eastern side
to as high as 50° on the western. Within are the soft shales of the
Morrlson in places eroded into a valley, while still nearer the center
the more resistant sandstone of the Ellis again forms encircling ridges.
The lowest strata present in the uphfts are at the center, where
dark shale and limestone of the marine Jurassic are exposed, although
still lower beds—black shale and bituminous limestone of the Quad-
rant—have been exposed by erosion in the dome south-of Kelly Hill.
The southernmost dome, over which the Lewistown-Forestgrove road
passes, is unlike those already described.in that it is asymmetrical
and is not encircled by Kootenai rocks, and in consequence the coal
outcrop swings around the northern and eastern sides of the dome.
T. 17 N,, R. 19 E,, is also a district where the strata have been
much disturbed by doming, three of these minor uplifts occurring in
an area of a few square miles. The largest, forming the Warm Spring
Creek dome, is cut across by Warm Spring Creek, and its structure is
thus exposed. On the north side of the valley there is a high hill
with a steep face fronting the stream and extending nearly a mile east
.and west, At its base are dark shale and limestone of the Ellis,
while above is intrusive porphyry. Encircling this porphyry on_ the
north are Jurassic beds dipping northward at a high angle, with
overlying formations appearing in succession. It seems, then, that
the dome is due to a laccolith, the cover of which is partly striped off.
As a result of the uplift and subsequent erosion coal is exposed in
outcrop as a rude ellipse, the major axis of which is followed approxi-

mately for a considerable distance by Warm Spring Creek. Coal is . |

mined on the southern limb of the dome, where the attitude of the
bed is favorable for working. Elsewhere dips are steep, and in addi-
tion the coal is thin and of poor quality.

The cutting across of the dome by Warm Spring Creek is evidence
that the stream represents antecedent drainage. Study of the physi-
ographic features in the vicinity reveals the fact that the stream has
had a rather complicated history, in which occurred a change in the
channel through the dome, due to a landslide on a considerable scale,
and a complete change in its course below the dome, due to piracy.
It seems evident from field relations that Warm Sprmg Creek at a
former period passed down the valley indicated by the tppography
west and slightly north of the dome, for the floor of the depression is
terraced, and remnants of what appear to be the same terrace occur
within the dome. :

In Weed and Pirsson’s map Carboniferous sediments are shown in
the Warm Spring Creek dome. It is believed by the writer, however,
that the oldest rocks exposed in this locahty are those of the Ellis; as

88867—Bull. 390—09—4
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Jurassic fossils were obtained from what appear to be the lowest beds
outcropping in the uplift.

North of the Warm Spring Creek dome, mainly in sec. 20, is a small
uplift, about one-half mile across, with encircling rocks of Kootenai
and Morrison and with the Ellis exposed at the center. The structure
is not evident to the casual observer, and it is only by careful tracing’
of the beds that their strike is seen to be circular. The coal has been
prospected on the northern dip of this dome, where a small drainage
has cut across the Kootenai sandstones. Elsewhere the circling
outcrop is not easily followed, and the coal has not been opened.

To the northeast of the above-described dome is a considerably
larger uplift, to which Weed and Pirsson applied the name Deer
Creek laccolith. In the center of this dome a considerable area of
Quadrant is exposed. These lowest beds are dark shale, limestone,
and brown sandstone, all highly fossiliferous. OQutward from the
- Quadrant are higher beds—Ellis, Morrison; -and Kootenai-—which
dip normally away from the center of the uphft The regularity of
this succession is broken, however, on the east side of the dome,
where beds above the Morrlson are cut off by a fault and igneous
intrusives. Dips are at fairly high angles around this dome, and to.
the west and north the light-colored sandstones of the Eagle and the
greenish shale of the Claggett are soon reached.

In the vicinity of the Moccasin Mountains are several domes, in
two of which the coal outcrop is exposed. One is just to the south
of the large area of travertine termed The Park, and it is cut by Warm
Spring Creek. This uplift is crossed by a fault. The coal outerops
on the north bank of the stream near the fault line, and has been
prospected in several places, but without discovering workable coal.
The effect of this displacement upon the line of outcrop is shown on
Plate II.

Near the center of T. 16 N., R. 17 E., is another dome, regular in
outline, with the usual mrcula,r strike ridges of Ellis and Kootenai
sandstones. A small area of Quadrant shale is exposed near the
center of this dome. Big Spring Creek cuts across the southwest
limb of the uplift, and at this locality a prospect drift has been driven
on the coal outcrop, but, as seems to be the case elsewhere in the
area adjacent to the Moccasin Mountains, the coal bed is too thin
for Worklng _ '

Other minor domes occur in the general region described, but
with the exception of the Kelly Hill dome, which will be referred to
later, they are geologically unimportant and need not be considered
in this report. Their location is shown on the geologic map.

As to the origin of these various domes, there is reason to believe
that they are connected genetically with the main uplifts of the
Judith and Moccasin mountains and represent upheavals due to
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intrusion of igneous material into sedimentary rock. The Warm
Spring Creek dome is clearly so formed, and the others are probably
similar except that the horizon of intrusion is lower and the laccoliths
have not yet been laid bare by erosion. As in several of the domes
Quadrant shale is exposed, it seems probable that the horizon of
intrusion has been in almost every case the dark shale and thin
limestone of this formation. Below the Quadrant is the massive
Madison limestone, which nowhere within the Judith or Moccasin
mountains seems to be a horizon at which intrusion has occurred.
The most probable conclusion, therefore, is that the intrusions which
" formed the smaller domes adjacent to the main uplifts were some-
where between the top of the Madison limestone and the base of the
Ellis formation.

FAULTS.

General statement.—In the Lewistown field a number of faults were
noted which are of considerable linear extent and vertical displace-
ment. Without exception each affects Kootenai rocks, and in conse-
quence the coal outcrop is not continuous across the field. In certain
areas, notably in the vicinity of Judith and Moccasin mountains .
and to the west of the McDonald Creek divide, there are minor
faults which affect coal-mining operations. As a rule, these minor
breaks can not be detected on the surface, and it is only in under-
ground workings that their nature and extent are revealed. The
location of the principal faults in the Lewistown field is shown on
both the geologic map (Pl. I), where their effect on geologic lines
can be noted, and the coal map (PL. II), where the relation of the faults
to the coal outcrop is brought aut. By reference to the latter map it
will be noted that no one of the faults is in an area of workable coal,
and it can be inferred that the development of the coal has not been
materially affected by these stratigraphic displacements. The
occurrence of faults in several localities in the field has, however,
caused certain mistaken ideas to be accepted regarding the coal, for
where repetition of beds resulted from faulting it was believed that
a second coal horizon was present stratigraphically below that of the
Kootenai. The principal faults noted in the field will therefore be
treated briefly, in order that structural relations in the localities
where these breaks occur may be better understood. -

Antelope Creek fault.—Across secs. 15 and 16 of T. 12 N., R. 13 E., .
there is a fault which trends N. 83° E., and which, since it cuts
across the middle and east forks of Antelope Creek, is termed Antelope
Creek fault. Near the north side of sec. 16 the lower sandstones
of the Kootenai, dipping north at a moderately hlgh angle, form the
valley walls, and upstream lower beds appear in succession until
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ﬁnally, just at the fault line, a considerable thickness of Quadrant
is exposed. Here the beds assume a horizontal position, or even
have a slight dip to the south, and meet abruptly the shales and sand-
stones of the Morrison, whlch here stand almost vertical. The
lower members of the Kootenai likewise dip at a high angle to the
south. Here, then, as previously stated in the discussion of folds,
is a fault which has developed near an anticlinal crest and which
is the single representative of the thrust type noted in the Lewistown
field. Although Kootenai rocks have been disturbed by faulting,
the coal in the vicinity is not workable, and the fault is not. of special
interest, to the coal prospector except to apprise him that the outcrop
of the coal zone is offset a considerable distance along the line of
break. ]

Big Spring Creek faults.—Big Spring Creek is flowing for several
miles below the springs in a comparatively narrow valley, whose
walls are the sandstones of the Ellis; but in crossing sec. 9 above
the spring the valley becomes still more narrow, and the stream is
cutting through the massive sandstone overlying the coal. This
condition continues for about one-half mile to the south, where the
stream swings sharply to the southwest. Here the sandstones of
the Ellis outcrop on the south side of the valley, while on the north
side, and at the same elevation, occur the lower members of the
Kootenai. It is evident, then, from this structure that here is a
fault block which has been relatively depressed nearly 300 feet.
The stream follows for several miles along the line of the southern
of the two faults which outline the block, till in sec. 29 the fault
line is no longer denoted by the topography, but cuts across the
divide and on into T. 14 N., R. 18 ‘E., where, in sec. 25, it unites
with the northern fault. At the junction the vertical displacement
is slight, and the fault dies out within a short distance.

Unlike the southern fault, the location of the northern can not be
determined anywhere within its entire length by topography alone,
but careful tracing is necessary. As shown on the map, it practi-
cally parallels the southern fault to the west of Big Spring Creek
until it nears the range line, where the fault block gradually narrows
from its average width of one-half mile, and finally the faults unite.
Northeast of Big Spring Creek the fault block ends in a cross fault,
which has developed along the crest of an anticline, trending north-
west-southeast. This cross fault is about a mile long and has a
maximum throw of less than 100 feet, and from it several smaller
faults, not shown on the map, branch to the east. -

The faults which outline the Big Spring Creek block cause a
repetition of the coal outcrop. North of the block the sandstone
overlying the coal caps the high hill between Big Spring and Castle
creeks, and the coal outcrop can be traced continuously around it.
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In the valley to the south the coal outcrops again near the stream
bed for several miles. Nowhere in this vicinity is the coal of work-
able thickness, however. Hence the faults are not, from a mining
standpoint, - of apparent importance. Indirectly, however, they
may have a bearing on coal development in the Lewistown dlstrlct
The Big Springs, which occur north of the fault block and which
constitute the water supply for Lewistown, will furnish an abun-
dance in case washing is undertaken at the present or future coal
mines along Big Spring Creek. From a study of the field conditions -
it appears that the Big Springs owe their orlgm to the faults above
described.

South of the block the strata dip to the northwest away from the
Big Snowy uplift, and underground waters naturally follow this
dip. "On meeting the fault plane, however, their tendency would be
to flow to the northeast along the fault, since the throw is such as
to bring the massive Ellis sandstone, the most likely water-bearing
stratum in this vicinity, against the more impervious shales in the
lower part of the Kootenai. On reaching the cross fault which ends
the block the water could readily pass across to the Ellis sandstone
again, then follow the dip, which is here westward, and find a vent
where the sandstone is cut by the stream valley. The springs proba-
bly represent, therefore, the underground water which is stopped
by the fault block. Their flow is very constant, amounting to about
140 second-feet, as measured by Robert Follansb‘ee, of the United
States Geologmal Survey ‘

Northeast of the Big Sprmg Creek block there is another fault
with less extension and throw. It does not appear to extend to the
south of Big Spring Creek, and hence it is mapped as a separate and
distinet fault. Northeastward it dies out in the dome south of
Kelly Hill, and is thus about 3 miles long. The downthrow is on
the west 31de The coal outcrop is offset more than one-half mile
near Big Spring Creek, while around the dome it is offset only a
short distance.

Kelly Hill fault—Xelly Hill is a prominent topographic feature
at the south end of the Judith Mountains. In form it suggests what
it is structurally—a dome whose northern limb is lacking, thus
presenting a bold face in that direction—while the southern: slopes,
although steep, are not so pronounced. In following the Lewistown-
Gﬂtedge road as it passes Boyd Creek v&lley to the north of the hill
it becomes apparent that the stream is flowing for some distance
approximately on a line of fault, for to the south and on the right
is a cliff of Madison limestone several hundred feet high, against the
base of which is the shale and sandstone of the Ellis. (See Pl. III,
B.) These marine Jurassic beds are horizontal in Boyd Creek valley,
but around the south side of Kelly Hill their dip is southward and
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their strike sweeps in a semicircle. The structure of Kelly Hill,
therefore, is that of a dome broken by a fault. Regarding this
uplift and break Weed and Pirsson make the following statement:®

From phenomena studied elsewhere in the Judith Mountains it appears most proba-
ble that Kelly Hill is due to an intrusion of porphyry in the Cambrian shales, which

along the north limb of the dome has lifted the beds with so much force as to rupture
them and raise them until the Carboniferous is brought against the Jurassic. ~

The Kelly Hill fault is unusual in certain respects as compared
with the other stratigraphic displacements in the Lewistown field.
Although only about 2 miles long, it has a throw sufficient to bring
beds well down in the Madison against the upper member of the
Ellis. In addition the coal is offset but little by the fault. At the
western end of the displacement beds cross Boyd Creek normally a
short distance southwest of Kelly Hill. Relations to the east of
the uplift are not so apparent because of the dense vegetation between
Kelly Hill and Flat Mountain, but that the coal outcrop is broken -
at this point is doubtful, and it is therefore probably very nearly as
represented on the map (Pl. II), bending sharply and swinging nor-
mally around and upward across the steep northwest slope of Flat
Mountain until it is lost beneath the travertine cap.

Deer Creek fault —Cutting across the northeast limb of the Deer
Creek laccolith is a fault which ends to the southeast in the igneous
mass of the Judith uplift and to the northwest is concealed beneath
deposits on the terrace west of Deer Creek. The downthrow of this
fault is on the east side, and for a considerable distance the dark
shale of the Colorado is against red-colored shale of the Kootenai.
The maximum throw is about 750 feet. As indicated on the geo-
logic map, a small block has been depressed near the southern end
of the main fault.

Warm Spring Creck faults.—Structural relations in the vicinity of
the Warm Spring make it evident that the spring issues on a fault
line which to the east seems to follow the valley, curving around into
Moccasin Creek, and to the west gradually passes to the north of the
stream. Just to the southwest of the spring a few feet of sandstone
is exposed in the cut bank, which appears to be the sandstone over-
lying the coal. To the northwest and below the spring the top of
the Ellis sandstone is exposed, and in the immediate vicinity of the
spring the varicolored shales of the Morrison form the north bank.
The downthrow of the fault, therefore, is on the south side and the
vertical displacement is the same as the interval between the base
of the Morrison and the top of the massive sandstone just-above the
coal—about 200 feet. One-half mile below the spring a second fault
meets that described above. This has a downthrow on the ‘west,
extends northeast, and is finally concealed beneath the travertine of

aQp. cit., p. 499.
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The Park. A short distance before reaching the spring deposit the
fault branches, the branch likewise being lost from sight. The
throw of the main fault north of Warm Spring Creek is considerably
greater than that of the break from which the spring issues.

As a result of the fault and the subsequent erosion of the Warm
Spring Creek valley, the coal bed is exposed near the stream in sec.
20 and along the western face of the hill to the north. The coal
discovered in several prospects in this locality is thin and of poor
quality, so that the faults do not directly concern the coal miner.
The spring, whose location is dependent upon the fault and a part of
whose very constant flow of about 140 second-feet is utilized by the
Barnes-King Gold Mining Company, at Kendall, might later be more
fully developed and .the resultant power transmitted to the coal-
mining district to the southwest.

South Moccasin Mountains faults.—Two faults are connected with

.the uplift of the South Moccasin Mountains. ‘One cuts across the
western limb of an asymmetrical dome near the eastern part of T. 16
N, R. 17 E. The downthrow of this fault is on the west and the
maximum amount of displacement is a little greater than that of the
Warm Spring Creek fault. A small stream flows along the fault line,
and on the west bank coal outcrops a short distance along the face
of the bluff, while on the opposite side are.the sandstones of the
Ellis. The extent of this fault to the north was not determined,
but it appears to die out shortly after entering the mountain tract.
As indicated on the map, the linear extensmn of the fault is about 1
mile.
- In sec. 3 of the same township and west of the South Moccasin
Mountains occurs another fault which offsets the coal outcrop a
considerable distance. The downthrow is on the north side of the -
fault, and the vertical displacément is about 300 feet. Neither of
these South Moccasin faults is in an area of workable coal, and hence
they are unlmportant economlcally

ECONOMIC. GEOLOGY.
GENERAL STATEM ENT.

The mineral resources of the Lewistown field comprise both
- metallic and nonmetallic. Gold and silver are produced in the
Judith end the North Moccasin mountains. Gypsum is mined at
present from the Ellis formation in sec. 27, T. 13 N., R. 17 E., and
has also been obtained from the marine Jurassm near the head of
South Fork of McDonald Creek. A bed 20 feet thick also occurs
at the same horizon on East Fork of Big Spring Creek, in the north-
eastern part of T. 14 N., R. 19 E. The gypsum is white-and pure,
but has not been developed. Building stone is obtained from the
Kootenai sandstone near Lewistown. Clay, which could be utilized
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for brick, occurs in several localities and in various formations, but -
none is burned at present. Coal is the principal nonmetallic product
of the field, however, and since it is with that product that this report
is chiefly concerned, further discussion of other mineral resources
will be omitted.

' COAL.

GEOLOGIC OCCURRENCE.

All workable coal in the Lewistown field occurs in the Kootenai
formation of Lower Cretaceous age. Thin beds are found in two
other formations—the Quadrant formation of the Carboniferous sys-
tem and the Eagle sandstone of the Montana group. These coals,
however, are not of economic importance. .

As described under ‘Stratigraphy,” the Kootenai comprises a
series of sandy shales and thin sandstones up to the coal, above which
are heavy sandstone members and red or maroon clay shales. The
coal zone of the formation is 60 to 90 feet above the base, and its
stratigraphic position is readily determinable, as it occurs beneath
and in close association with a coarse-grained, cross-bedded sand-
stone, which is usually the most prominent sandstone of the entire
geologic column. ’

Study of the coal zone in the Lewistown field emphasizes one
important fact which has been noted previously in the Great Falls:
field. This is that the Kootenai coal is not a continuous workable
bed, but occurs in areas of more or less limited extent. Between these
productive areas the coal-bearing horizon is represented by a car-
bonaceous shale zone. Work in the Lewistown field last season (1907),
therefore, was conducted with a view to ascertaining as nearly as pos-
sible the limits of the more valuable coal in these areas. The more
valuable areas of the field are designated Sage Creek, Utica, Buffalo
Creek, Rock Creek, Warm Spring Creek, McDonald Creek, and
Lew1stown districts, because of their respective nearness t0 those
streams or towns.

SAGE ‘CREEK DISTRICT.

As originally described,® the Sage Creek district includes the
greater part of Tps. 15 and 16 N., R. 12 E., and the western part of
Tps. 15 and 16 N., R. 13 E. The latter two townships are within
the territory mapped during the present investigation and are con-
sequently considered as a part of the Lewistown field. Coal does
not occur at the surface in these townships, and even in the Sage
Creek valley, near the town of Windham, the coal bed is nearly 500
feet below the surface, and this depth increases eastward, the dip

e Fisher, C. A., The Great Falls coal field, Montana: Bull. U, S. Geol. Survey No. 316, 1907, pp. 161-173.
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being in that direction. In sec. 16, T. 16 N., R. 12 E., which has
been mapped as a part of the Great Falls field, a shaft has been sunk
to the coal, which is at a depth of about 450 feet. It is asserted
that the coal bed is about 8 feet thick. KEastward no information
is obtainable regarding the coal, so that in that direction the limit
of the Sage Creek district is not definitely known.

UTICA DISTRICT.
LOCATION AND EXTENT.

Coal is being mined about 2 miles west of Utica. The outcrop
was not followed entirely across T. 14 N., R. 12 E., but from evidence
obtained during the investigation of the Great Falls field it would
appear that the coal bed of the Sage Creek district is too thin to
mine a short distance southeast of the Schultz mine, in sec. 29, T. 15
N,, R. 12 E. In consequence, the coal near Utica is regarded as not -
within the Sage Creek district proper, but as a small isolated dis-
trict. The more valuable coal is confined to a small area in the
immediate vicinity of mine No. 1, shown on the map (Pl IT).

CHARACTER AND THICKNESS.

Exposures in the Utica district show there are three carbonaceous
zones in a vertical distance of about 35 feet, but the upper and the
lower are not productive. The middle bed occurs in two benches,
separated by shale and bony coal. A section measured in the
Showan mine gives the following succession: '

Section of coal bed in Showan mine.

Shale. Ft. in.
Coal. . 1 6
Shale, carbonaceous......... ... .. .. ... 1 3
Coal, IMPUIe. - oo e e e 8
Shale....................... e 1
Coal, upper 6 inchesbony......... ... . ... ... ... ... .. 2 2

Shale. ‘

6 6

A graphic representation of the above section is shown in Plate
V. Both benches carry considerable sulphur in the form of lenses
and balls of iron pyrites (FeS,). The coal is soft and slacks quickly
on exposure. :

DEVELOPMENT.

Showan mine.—Coal was first mined in the Utica district in the
eighties, when an entry was driven on the south bank of Heiserman
Coulee, in the NE. } sec. 13, T. 14 N., R. 12 E. Coal was mined
here desultorily for several years, supplying a small local demand,
and later the workings were abandoned. In 1906, H. A. and M. A.
Showan reopened the mine, which at the time of investigation was
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about 100 feet'in length. Only a small quantity of coal is produced,
the total output amounting to only a few tons yearly, as this coal
must compete with near-by mines to the northwest, where the coal
is of cons1derably better quality. It is barely poss1b1e that if the
entry is extended the coal may become of better grade, owing to
increase of cover, but the outlook for future coal development in
this vicinity is unfavorable, for it is improbable that coal of good
quality or of workable thickness can be obtained.

Prospects.—Several prospects are located on.the outcrop south-
east of the Showan mine. The three coal zones are here well exposed
on the hillside, and each has been prospected, but the coal has proved
to be poor and of insufficient thickness. South of Utica, in the
Judith River valley, diamond drilling was undertaken by the com-
pany now sinking a shaft in the Sage Creek district to the northwest,
and although a depth was reached considerably greater than that
of the coal zone, it is claimed that no coal was discovered.

BUFFALO CREEK DISTRICT. v

LOCATION AND EXTENT.

Southward from Judith River for a considerable distance no work- -

" able coal is indicated by the outcrop of the coal zone. A small area
near West Buffalo Creek, in T. 12 N., R. 14 E., is the only locality
in the southwestern part of the field where workable coal occurs.
This area is named the Buffalo Creek district. Its southern limit
is defined by the outcrop of the coal zone at the base of the Little
Belt Mountains. To the west the more valuable coal does not extend
beyond Buffalo Creek, and in fact for a short distance east of the
stream the coal is probably thin. It is workable at the Williams
mine, in sec. 20, and apparently thins to the north, so that the more

" valuable part of the workable area probably does not extend beyond
West Buffalo Creek in its east-west course. To the east the coal is
buried by overlying rocks, and there is no exposure to give g hint of
its extent in that direction. The outcrop along the north base of the
Little Belt Mountains seems to indicate, however, that the more valu-
able part of the workable coal does not continue far to the east. The
district is believed, therefore, to be rudely cn‘cular in form, as indi-
cated on the map (PL II).

DEVELOPMENT.

General statement.—Until recently very little coal has been mined
in the Buffalo Creek district, a limited amount having been taken from
~ an abandoned mine on West Buffalo Creek. At present two small
mines are operating which supply coal to near-by ranchers and vil-
lages along the two lines of railroad entering the field. One mine is
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known as the Williams and the other is spoken of locally as the Gor-
don mine. It is operated by a company, however, and in this report
will be referred to as the Saager Canyon mine.

Williams mine.—This mine was opened in the fall-of 1906 on the
west side of Saager Canyon in the NE. 1 NE. 1 sec. 20, by B. B.
Williams. At the time of investigation the entry was in 165 feet.
The bed shows 30 inches of coal overlain by hard shale, which is bony
at the bottom and which makes a good roof. Sandstone forms the
floor. The dip at the mine is slight, but it increases rapidly to the
north, and at the mouth of the canyon it is 14°. As a result of this
dip the coal zone is buried deeply to the north of West Buffalo Creek.

About 40 feet above the coal bed worked in the Williams mine is
another bed of coal 17 inches thick. It has not been worked, but is
claimed to be of superior quality.

Saager Canyon mine.—In unsubd1v1ded land, but in What would
probably be, if surveyed, the NW. 1 NW. ] sec. 28, a mine was
opened a few months prior to the investigati_on by a company, of
which J. F. Lester, J.D. Kipe, E. E. Pear], and William Gordon are the
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FIGURE 1.—Structure section north from Little Belt Mountains through Williams mine.

members. A drift 85 feet long shows 4 feet, of coal without a parting,
overlain, as in the Williams mine, by shale and having a floor of sand-
stone. The entry extends up the rise, as the dip is here about 4° to
the south. Mining conditions are favorable, and a considerable
amount of coal can be readily removed. Although the analysis of
the sample obtained at this mine shows that the coal contains con-
siderable moisture, the mine is dry, and this condition will probably
continue as the entry is extended, at least till the crest of the anticline
is reached.

There is a strong probablhty that the coal will be of good quality
and thickness in the area between the Saager Canyon mine and the
coal outcrop to the south at the base of the Little Belt Range. A
syncline parallels the mountain front, but the coal is not at great
depth, since apparently not even the entire thickness of the Kootenai
is present. The coal is therefore probably less than 400 feet in depth
in the locality in question. The cross section, figure 1, is here intro-
duced to illustrate the structure from the Little Belt Range north
through Saager-Canyon.
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ROCK CREEK DISTRICT.
LOCATION AND EXTENT.

Eastward from the Buffalo Creek district the outcrop of the coal

zone where exposed indicates that coal is either represented by .car-
.bonaceous shale or is below workable thickness. This condition

holds around the east end and on the south side of the Little Belt
Range, as far as the investigation was carried. Even if coal were
present in quantity on the south side of the range, only a small
amount would be available, as the rocks are standing practically
vertical. :

Across Judith Gap the coal-bearing formation is buried beneath
Colorado shale, but it is unlikely that workable coal occurs in the
vicinity, for where exposed around the west end of the Big Snowy
Mountains the Kootenai coal zone comprises little but carbonaceous
shale. To the northeast for a considerable distance it appears to be
equally barren, but in the vicinity of Rock Creek the coal is thicker
and probably of workable proportlons A possible exception occurs
on the ranch of William Gordon, in the SW. 1 SE. 1 sec. 34, T. 13 N,
R. 16 E., where it is claimed that a bed of coal 7 feet or more thick
was discovered in a well drilled for artesian water. The bed was
encountered at a depth of about 122 feet, and the well record shows
the following succession:

Section in well in SW. + SE. 3 sec. 34, T. 18 N., R. 16 E.

Shale, red. . . ... ... il 60
Sandstone, soft, yellow .......................................... 30
Sandstone, hard, gray, ferrugmous ................................. 30
Clay . e 2%

(07 ) 8-9

Small fragments of coal, which burned readily, were obtained from
the drill hole. If a bed of coal 7 feet or more thick occurs at this
locality it is not evidenced by the outcrop of the coal zone, about
one-fourth mile southéast of the well, and while it is the habit of the
Kootenai coal to be inconstant in thickness, it would be unusual
for the bed to vary to such an extent in the comparatively short
distance from the outcrop to the point where the drilling was made.
Diamond drilling, which furnishes a more reliable record than the
churn drill or shafting, is needed to prove conclusively that there is a
bed of workable coal in sec. 34.

In the vicinity of Rock Creek the more valuable workable coal is
probably confined to about 4 square miles north of the stream in its
east-west course through secs. 15 and 16, T. 13 N, R. 17 E. The
southern limit of the area is defined by the coal outcrop on the north
bank of the creek. To the.west the coal thins, as shown in a prospect
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near the northwest corner of sec. 16, where it is less than a foot-thick.
A'prospect near the center of sec. 34, T. 14 N., R. 17 E., shows that
to- the north the coal bed is only 17 inches thick, while no workable
coal is found east of the outcrop which extends nearly due north
from the Rand mine. (See economic map, PL. II.) The limits of
the most valuable part of the district are therefore fairly well marked.

CHARACTER AND THICKNESS.

The coal bed of the Rock Creek district, as elsewhere in the Lewis-.
town field, occurs just beneath the lower massive, cross-bedded sand-
stone of the Kootenai formation. Sections in three of the four mines
of the district show that the coal is separated from the sandstone by
* only a few inches of bone. In three of the mines the coal occurs in
two benches, which are separated in one locality by shale and in the

others by bone.

DEVELOPMENT.

General statement.—Four mines which supply a small local demand
from ranchers and the town of Moore are operating in the Rock
Creek district. Work during the summer months is confined chiefly
to development, and even during the winter the output is small.

Sharp mine.—The mine of Daniel Sharp, opened in 1904, is located
in the SE. 1 NE. 1 sec. 16, T. 13 N., R. 17 E. An entry has been
driven 360 feet N. 7° W., which is nearly on the dip. As in all the
“mines in the area, the dip is slight, in this particular locality being
about 3°. The bed shows 42 inches of coal, a section in the mine
being as follows:

Section of coal bed in Sharp mine.

Sandstone. Ft. in.
Bone. ... 10
(0707 N S 6
Shale. ... .. . 1

C00Ak e 3
Clay. R
4 5

~ The lower 3 inches of the bottom bench is a fair quality of black-
-smithing coal and is separated for that purpose in mining. Above
it is a very thin clay parting. The, 10-inch bone is preferable to the
sandstone as a roof, as the latter is creviced. This sandstone member,
typically coarse grained and cross bedded, is here about 50 feet thick
and is exposed for a considerable distance north of the mine.

Cooper mine.—The B. M. Cooper mine, opened early in 1907, is
located in the SW. $ NW. £ sec. 15, about one-half mile east of Sharp
mine. Here the coal is in two distinet benches, the upper 1 foot
thick and the lower 2 feet 2 inches thick, separated by 12 inches of
bone. The floor is clay, and the roof is bone overlain by sandstone.
Much of the coal, especially in the upper bench, is so soft as to be
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unsalable, due chiefly to weathering, resulting from a lack of sufficient
cover. Only 15 to 18 feet of sandstone overlies the coal in this vicin-
ity, and the coal is so soft that no explosives can be used. Surface
moisture readily enters the workings, and in consequence the roof
is_ hard to hold. ‘

Rand mine.—Southeast of the Cooper mine are the Rand workings,
located in the NW. ; SW. } sec. 14. The coal bed outcrops contin-
uously around a flat-topped hill capped by the usual cross-bedded
sandstone. The total area of coal in this hill was originally about 15
acres, but the greater part has been mined out. The first opening
was made on the north face of the hill, and coal was mined for local
. use for several years. Later these Workings were abandoned, and
at the time of investigation an entry was being driven on the south’
side of the hill. A small fault was encountered a short distance in,
which has given some trouble. A section of the bed shows 2 feet 6
inches of soft and dirty coal, with sandstone floor and bone roof.

Knox mine.—A small mine has been opened by Andrew Knox in
the SW. 1 SE. # sec. 3, 2 miles north of the Rand workings. The
coal is in two benches, the upper 12 to 18 inches and the lower 10 to 18
inches thick, Varying individually, but fairly constant in combined
thickness. Between the benches is a bone parting 9 to 15 inches thick.
The floor is shale, and the roof is a fine-grained shaly sandstone.

Graphic representations of the coal bed in the mines of the Rock
Creek area are shown in Plate V, and the location and approximate.
extent of workable coal are indicated on the economic map, Plate IT.

Prospects south of Rock Creek.—Misunderstanding of geologic condi-
tions in the vicinity of Rock Creek in sections 15 and 16 has lead
to considerable prospecting south of the stream, and the occurrence
of coal in the Quadrant formation nearly on a level with the Koo-
tenai coal bed on the north side of the creek has been an encouraging
factor. While formerly the Kootenai coal probably extended south
of the present outcrop along Rock Creek, it has been entirely eroded
south of the stream, so that prospecting in the district between the
Big Snowy Mountains and the mines will remain. unrewarded. The
coal which has been discovered in a prospect in section 23 is in the
Quadrant formation and about 400 feet stratigraphically below the
Kootenai coal, which outcrops to the north of the stream. The
coal is only 6 inches thick at the prospect, and in all probablhty it
will not develop into a workable bed.

WARM SPRING CREEK DISTRICT.
. LOCATION AND EXTENT.

The only coal of economic lmportance occuring in the northern part
of the Lewistown field is found in the embayment of the Judith Moun-
tains which is drained by Warm Spring Creek. This district is in the
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southern part of T. 17 N., R. 19 E., and the adjoining portion of the.
township to the south, the more valuable part of the coal area
including in all about 3 square miles. The southern limit of the area
is defined by the coal outcrop along the base of the Judith Mountains
west of New Year, and the more valuable coal area does not extend
north of Warm Spring Creek. To the west the coal-bearing rocks are
deeply buried by overlying formations up to and including the basal
member of the Eagle sandstone, so that the extent of workable coal
in that direction is not definitely known. On the eastern limit of
the district the coal along the line of outcrop is thin. and of poor
quality. A possible extension of the district eastward is suggested
by the occurrence of coal along the wagon road near Maiden. The
" coal here is of poor quality, however, and it- was not regarded as a
workable bed.

DEVELOPMENT.

General statement.—Only two mines are being worked at present in
the Warm Spring Creek district—one, the Mace, on the north side of
the coal-producing area, and the other, the Nevin, on the south side,
at the base of the Judith Mountains. Several other mines have been
opened, but later abandoned. '

Nevin mine.—This mine is located in the NW. 1 SE.  sec. 7, T. 16 -
N, R.19E. It has been opened on the strike, which is here N. 58° E.
The entry is 600 feet long, and seven rooms are turned up the rise,
which is 48°. A section of the bed shows 2 feet 6 inches of soft.dirty
. coal, underlain by 3 inches of hone on a gritty clay floor and over-
lain by bone at least 7 inches thick. Only a small amount of coal
has been produced, and this has all been used locally.

Mace mine.—The mine opened by A.Mace in 1902 on the south side
of Warm Spring Creek in the SW. $ NW. % sec. 32, T. 17 N, R. 19 E,,
is the chief producer of the district. Three to six men are employed.
A greater part of the coal is hauled by wagon to Kendall, a town on
the east flank of North Moccasin Mountains. Three slopes have been
driven down the dip, which is 3° to 9°to the south. The coal bed is
variable, but averages about 4 feet thick. A representative section
is given below:

) Section of coal bed in Muace mine.
Clay. . Ft. in.

(7 ) 1 2
Bone. ... i 4
Coale .. 2 5
Coal, Impure. ... ... 5
Sandstone. . _
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The upper bench is a fairly clean coal; the lower 5 inches of the
bottom bench contains much sulphur and is not mined. It is claimed
that the coal will coke well when the sulphur is removed.

Several pockets of lusterless coal resembling cannel were noted in
the mine, the largest being about 200 feet in length. Coal from these
lenses ignites readily from a candle.

Abandoned mines.—Prior to the opening of the Mace mine coal
was taken from a mine located in the NW. } SE. 1 sec. 33. An .
entry was made here about 700 feet, but the coal proved to be.of
inferior quality and the mine was finally abandoned.

In the late nineties the New Year Mining Company began develop-
ment of a mineral property about a mile south of New Year. A cya-
nide plant was erected near the coal outcrop at New Year, and an
entry was driven on the strike of the coal bed for 825 feet. The
coal was burned under the boilers of the plant, which used about 4 tons
per day. The bed is 30 inches thick, underlain by 4 inches of bone,
and overlain by shaly clay and sandstone. The coal proved to be of
fair quality for steaming purposes, although it burned with a very
short flame. It is claimed that the ash of this coal assayed $2 per
ton in gold. The mine has been closed for two years, but it is being
kept in repair in view of possible resumption of metal mining in the
district.

North of the Warm Spring Creek dome a small uplift has brought
up coal-bearing rocks, and a mine was opened near the center of the
north half of sec. 20. The location is unfavorable, however; as the
dip is 24°, and the slope reached water level within 100 feet; in addi-
tion, the coal is impure. A section of the bed shows that the coal is
in three benches having an aggregate thickness of 2 feet 9 inches,
with an upper clay parting 2 inches thick and a lower parting of
bone 3 inches thick. Clay forms the roof and the floor.

The various prospects in the northern part of the Warm Spring
Creek district, shown on Plate II, indicate that the coal is of inferior
quality and below workable thickness north of Warm Spring Creek;
hence future development must be confined to the limited area between
the Mace mine and the abandoned workings of the New Year Com-
pany. This area is structurally synclinal, and midway between the
above-mentioned mines the coal is probably 500 to 700 feet below the
surface; moreover, the coal will be difficult to obtain because of

bundant water.

M’DONALD CREEK DISTRICT.
LOCATION AND EXTENT.

The largest and best-developed coal district in the Lewistown
. field is to the south of the Judith Mountains, and since much of it is
drained by the headwaters of McDonald Creek, near which the
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greater part of the development has taken place, it is referred to as
the McDonald Creek district. - This coal-producing part of the field
comprises a considerable area in T. 15 N., Rs. 19, 20, and 21 E.;
portions of T. 14 N., Rs. 20 and 21 E.; T. 15 N., R. 18 E., and small
areas in T. 16 N., Rs. 19 and 20 E.

The limits of the coal-bearing district are indefinite in several
directions. On the south, however, the limit is definitely marked
by the outcrop of the coal bed along South Fork of McDonald Creek,
across the McDonald Creek divide, and along East Fork of Big
Spring Creek to the producing area south of Lewistown. Prospects
in T. 14 N., Rs. 18 and 19 E., indicate that workable coal does not
extend to any considerable distance south of the mines on Big Spring
Creek, so that the limit can be closely approximated in that locality.
To the west the extent is not known, but judging from the fact that
the coal thins to the southwest it is not likely that the bed continues
to be especially valuable more than a éompafatively short distance
west of the Spring Creek mine.

No information regarding the coal could be secured immediately
northeast of Lewistown, and the outerop along the base of the Judith
Mountains is the nearest locality in that dxrecmon where the thick- -
ness and character of the bed could be ascertained. Between these
two localities it is possible that workable coal exists. The coal out-

“crop in this vicinity which continues eastward south of Kelly Hill
and north of Flat Mountain is a definite northern limit of the McDon-
ald Creek district.

In regard to the eastern limit no definite information is at hand.
East of the group of mines southeast of Giltedge the coal-bearing
rocks dip steeply, and the coal is buried within a short distance by
a considerable thickness of strata, and even were the bed much
thicker than common it is not likely that it could be worked far from
the outcrop. A mine located in sec. 35, T. 15 N., R. 20 E., shows a
bed 43 inches thick, in two benches, separated by a clay parting 1
inch thick. The upper bench is of very poor quality and is not
mined. Regarding the eastern limit of the district north of South
Fork of McDonald Creek but little information could be secured, as
the coal has not been prospected on the outcrop, and to the north
there are no exposures of the bed. The coal bed is 40 inches thick
east of Forestgrove, as shown in a prospect in sec. 4, T. 14 N., R.
21 E. Tt is barely possible that the bed is of workable character in
this locality. Hence the area underlain by workable coal may extend
to the east beyond the limit of the field as mapped. Near the outcrop
the coal has but little cover, and in order to secure a fair quality of
coal shafting at a cons1derable distance back from the outcrop will
probably be necessary. '

~ 88867—Bull. 300—09—5
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DEVELOPMENT.

General statement.—Seventeen mines are operating in the McDoneld
Creek district, though the output of most of them is very small during
the summer months. With the exception of the Spring Creek mine
they supply a very local demand. Most of the mines are near the
McDonald Creek divide, where, owing to geologic conditions, there
is ready access to the coal bed.

Peiper mine.—The Peiper mine is located in the SW. 2 NE. 1 sec,
6, T. 14 N., R. 20 E. A slope has been driven from the outerop for
‘a distance of 315 feet down the dip, which is about 10°. The bed
‘shows 34 inches of coal, with clay floor and dark shale roof, underlain
by about 1 foot of bony coal. A small amount of coal is taken from
this mine during the winter. ' ,

Black Diamond mine.—The Black Diamond mine is located in the
NW. 2 NW. % sec. 25, T. 15 N, R. 19 E. Several entries have been
driven on the coal outcrop in a coulée which is tributary to Iast
Fork of Big Spring Creek. The main entry is in about 450 feet, and
five rooms have been turned. The bed shows 52 inches of coal
without a parting. The floor is clay and the roof bone, to which
much of the coal is “‘frozen,” giving some trouble in mining. A
considerable acreage of land is held by the owners, and it is their
intent to push development by the extension of the railroad from
Lewistown to the mine. At present the coal is hauled by wagon to
Lewistown for local consumption.

Coz mine.—In the NE. 2 SW. 1 sec. 24, north of the Black Diamond
workings, is the mine of Walter Cox. The entry is on the dip on the
‘east side of a structural dome. The section of the bed shows a con-
siderable variation from that in the Black Diamond mine. The
lower bench is 30 inches thick and the upper bench 15 inches, with
a 2-inch bone parting between. Overlying the upper bench are 4
inches of clay, 2 inches of coal, and 6 inches of bone in succession,
overlain by sandstone. Since the surface slopes rather steeply to
the east and the dip is moderate, the coal has but little cover.

Hamilton mine.—The mine of R. E. Hamilton is located a short
distance north of the Cox mine. The entry is in 585 feet. The bed
shows two distinct benches, the lower 46 inches thick and the upper
6 inches, with a 13-inch clay parting. Bone forms the roof, and the
floor is clay. Geologic conditions are very similar to those at the
Cox mine, and the covering is very light.

Sharp mine.—William and A. Sharp have leased from George Jack-
son a mine located in the NW. 2 NW. 1 sec. 13, a little over a mile
north of the Hamilton mine. The mine has been recently opened and
‘the entry is in only a short distance. The dip is 6° to the east. Since
the mine is on the west limb of a narrow syncline a slope has been
driven from the outcrop on the east limb with the expectation of
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eventually connecting the two mines, the two openings being about
one-fourth mile apart. Between them the coal is under light cover, the
maximum being not more than 30 feet. A section of the bed in the
western opening indicates that the coal is thinning northward from
the Hamilton mine, having a total thickness of 42 inches at this point.
The lower bench is 5 inches thick and the upper bench 28 inches,
with a 1-inch shale parting. There is 8 inches of bony coal above
the upper bench. The roof is shale and the floor clay.

Flaherty mine.—The Flaherty mine is located on the south side
of North Fork of McDonald Creek, in the NW. 1 SW. 4 sec. 18, T.
15N, R.20E. This mine has been worked on a small scale for about
two years. The bed shows two benches, the lower somewhat variable
but averaging about 46 inches, and the upper 8 inches, with a 5-inch
bone parting. The floor is clay and the roof is clay shale, locally
termed “soapstone.” The bone is usually left for a roof, as the
‘““soapstone’’ breaks down on exposure.

It is claimed by the miners that this bed is the middle one of three.
The presence of a third bed is doubted, however, for at one place
in the mine where the roof had caved the massive sandstone was
noted, which occurs everywhere in the field just above the coal. A
prospect a short distance north of the Flaherty mine exposes the
lower bed, which, because of its alternation of coal and shale, is termed
_ the “dirty vein.” The thickest bench of the bed is 14 inches and
the coal composing it is extremely hard and of good quality. Above
and below are alternating thin layers of clay, coal, and bone. In no
other place in the district was this lower. bed noted.

“ Company”’ mine.—The Gold Reef Mining and Milling Company,
which is operating a gold and silver mine and cyanide plant about a
mile northwest of Giltedge, obtains its coal by contract with Shipley
& Kemp from a mine located in the NW. 1 NE. £ sec. 9, T. 15 N,
R. 20 E. A slope is driven 400 feet down the dip, which is 17°,
necessitating haulage of the coal by means of a horsepower winch.
A section of the bed shows a lower bench of 8 inches and an upper
bench of 27 inches, with a l-inch clay parting. The roof and floor
are clay. '

The outcrop of the coal zone passes within a short distance of the
mill of the Gold Reef mine, .and this company has made several
unsuccessful attempts to obtain coal near by. West of Giltedge they
sunk a slope on the dip of the bed as it outcrops on the face of a
prominent ridge formed by the massive sandstone associated with
the coal. The dip is 30°, and water was soon encountered. More-
over, the bed is only 26 inches thick and contains a high percentage
of sulphur.  On account of these unfavorable conditions operations
were abandoned. ‘
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Leuns mine.—The Lewis mine is located in the SW. 1 SW. } sec. 4,
about one-half mile southwest of the “Company” workings. This
mine has been opened about two years, and about 4,000 tons of
coal have been removed. The slope goes in on the dip for 800 feet,
where a fault has been encountered. The bed is 31 inches thick, -
with clay floor and roof. '

Cliffe mine.—The Cliffe workings are located in the NE. 1 NW. }
sec. 3, T. 15 N., R. 20 E. An entry was driven in on the stmke of
the bed for 700 feet, where a fault was encountered. Side entries
are now being driven to the right and slightly up the rise. A section
of the bed shows the usual two benches, with roof and floor of clay.
The lower bench is 6 inches thick, the upper bench 27 inches, with a
clay partlng This mine has been operated six years, and like
others in the vicinity, supplies only a local demand, which is small
during the summer months. '

McDonald Creek Fuel Company’s mine.—The earliest development
near the head of McDonald Creek was by the McDonald Creek Fuel
Company (mine No. 17, PL II) to the north of the stream about 1
mile east of the Flaherty mine. A comparatively large amount of
coal was taken from this opening for the Lewistown market, but
little information could be obtained concerning these workings, as
they have been abandoned for a number of years.

Sherman mine.—W. F. Sherman opened a mine late in 1905 on
the north side of Flat Mountain from which a small amount of coal
has been taken. The entry is driven to the south 300 feet on a dip
which is slight at the mouth of the entry but which increases to 14°
A section of the bed is as follows:

Section of bed in Sherman mine.

Bone. . . Ft. in.

Clay. - 3 9

Considerable difficulty has been experienced in holding the roof,
and this condition will probably continue till the entry is driven far
enough to be on a lower level and where the thickness is greater
between the coal and the travertine which caps Flat Mountain.
North of the entry the spring deposit is within 40 feet of the coal
outcrop, and a short distance to the west it is lying entirely across
the dipping Kootenai rocks. '

It has been believed that in the vicinity of the Sherman mine the
coal would be cut off a short distance from the outcrop by the traver-
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tine, since that deposit has been previously considered as Madison
limestone. The writer believes, however, that the coal bed is con-
tinuous south from the Sherman mine to the outcrop on the south
face of Flat Mountain.

Hill mine—A small mine was opened in 1904 by Benjamin Hill
on the north bank of Horsethief Coulee, in the NE. £ NW. £ sec. 35,
T. 15 N,, R. 20 E. The entry is 100 feet long. The bed consists of
two henches, the lower 28 inches thick and the upper 14 inches, with
a }-inch clay parting. The lower bench only is mined, as the upper

‘is impure and not of marketable quality. Sandstone fmms the roof
and the floor is clay..

Hobson mine.—Southeast of the 11111 mine W. and IH. Hobson
operate a small mine on the north side of South Fork of McDonald
Creek, near the south line of sec. 1, T. 14 N., R. 20 E. One hundred
and forty feet of entry has been driven. The coal bed is made up of
two benches, the lower 7 inches and the upper 34 inches thick, with a
2-inch bone parting. The roof is composed of the massive cross-
bedded sandstone of the Kootenal, and the floor is a light-colored
shale.

"~ Brew & Parsons mine. —The Brew & Parsons mine is located in
the NE. 1 SW. % sec. 32, T. 16 N., R. 19 E., not far from the base

- of the Judith Mountains. The coal zone is exposed here in a small
coulée which has cut back into a dip slope. The mine entry is on
the south side of the stream and is driven S. 40° E. for 120 feet, then
turns to the left for 180 feet, approximately following the line of
'strike, which is S. 80° E. . A fault was encountered 120 feet in,
having a displacement of a few feet. The bed is in two benches, of
somewhat variable thickness. A representative section is as follows:

Section of coal bed in Brew & Parsons mine.

Clay shale. ) - Ft. in.
Bone. ool 4-6
Coal. ...l 3 2
Shale, black._............. e 2-12
Coale . 2 6
Clay

It was claimed that the clay which fmms the floor is 4 feet thick
and that beneath it occurs a second coal bed 2 feet thlck but this
statement could not be verified.

The coal of the different benches is quite dissimilar; that of the
lower bench possesses no apparent joint planes, but when mined by
pick and bar, breaks out in irregular forms with apparently slicken-
sided surfaces. The coal of the upper bench, on the contrary, is
distinctly jointed and breaks into the cubical or rectangular form
characteristic of the coal of the Lewistown field. Water is present
in small quantity in the mine and is removed by a siphon.
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LEWISTOWN DISTRICT.

LOCATION AND EXTENT.

The greater part of the coal produced in what is known as the
" McDonald Creek district comes from the Spring Creek mine, 2 miles
southeast of Lewistown. Upon very uncertain evidence it is be-
lieved that this producing area is in a measure isolated from the
McDonald Creek district proper. Good exposures of the coal zone
are lacking along its outerop on the north bank of Big Spring Creek
and East Fork, and the bed has not been prospected in that locality.
Such evidence as could be obtained, however, points to the con-
clusion that the coal is not especially valuable along East Fork of
Big Spring Creek. Workable coal may possibly extend from the
mines near Lewistown to the Brew & Parsons mine at the base of
the Judith Mountains, but as the coal zone is buried by the full
thickness of Kootenai, drilling will be necessary to decide the ques-
tion definitely.

DEVELOPMENT.

Spring Creek mine.—Coal is mined in the NW. 3 NW. } sec. 26,
T. 15 N., R. 18 E., by the Spring Creek Company. Coal was first
mined commercially by this company in 1905, although the mine
had been operated on a less extensive scale for a number of years.
previously. At present the workings are the largest in the Lewis-
town field. They supply about 125 tons per day to the Montana
Railroad and a small amount to Lewistown and vicinity. A section
of the bed shows 3 feet of coal in two benches, with a bone parting of
6 to 9 inches. The lower bench as measured in the third entry south
is 26 inches thick, the upper bench 10 inches. The floor is grayish-
clay and the roof is gritty shale.

Between the floor and the lower bench is a bony layer 13 to 16
inches thick, which contains thin seams of shiny black bone termed
“black jack” by the miners. A sample of this material carried 31.84
per cent of ash. In bothupper and lower benches there are thin in-
constant clay or shale binders which adhere to the coal and are not
separated in mining. The characteristic lenses and nodules of iron
pyrites are present in both benches. They are usually small, how-
ever, and little attempt is made to discard them. The lower bone
and “‘black jack” are removed in undercutting, after which the
coal is shot down.

The mine is worked chleﬂy on the room and pillar system, though
the long wall method is also being used. At the time the investigation
was made the main entry was in 1,000 feet S. 70° W., with a dip of
about.4°.  There are three entries to the south. The first has been
extended till it is within a short distance of a coulée tributary to
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Spring Creek, where the coal is under but little cover and is conse- -
quently softer than it is in the other entries. This entry is also con-
siderably drier than other parts of the mine. Water is removed from
sumps in the main entry by two pumps, one operated by steam and
the other by compressed air. Air is also used for machine drills in
the entries, drilling in the rooms being done by hand. Coal is hauled
by mule from the entries to the tipple, where it is loaded direct into
cars for the use of the Montana Railroad. Forty men are employed
at the mine.

Harmon opéning.—A number of prospects are located on the coal
outcrop on the south bank of Warm Spring Creek above the Spring

- Creek mine. One of these, the H. L. Harmon opening, had not been
worked recently, but it was the intention to renew development in
the winter of 1907-8. The entry is 450 feet long, under slight cover
for a considerable distance. The bed is in three benches, the two
lower each 12 inches thick with a 6-inch parting of bony coal, and the
upper 14 inches thick with a bone parting 7 inches thick below. The
roof is bone and the floor is clay.

Graphic representations of the coal bed in the various mines of the
McDonald Creek district, including the Lewistown district, are shown
in Plate V. o

MINING CONDITIONS.

Throughout the Lewistown field mining conditions are fairly uni-
form. The coal is exposed in outcrop in many localities and is
usually in a favorable attitude for working. DlpS are not excessive
anywhere within areas of workable coal, and minor faults or flexures
appear to be uncommon. Timbering is unnecessary in many of the
mines, and few of the larger workings are timbered throughout.
Mine timbers are obtained chiefly from second—growth' pines, which
are abundant in the foothills of the Big Snowy Mountains, in the
Rock Creek district in the vicinity of Flat Mountain, to the west
along the base of the Judith Mountain, and near the Warm Spring
Creek district.

In general the coal of the field is not dry, but the problem of drain-
age in the mines is not difficult. In but two of the mines, the Spring
Creek and the Brew & Parsons, is other than natural drainage needed.
None of the mines are troubled with gas, and no fans are in operation
in the mines, though this is to be expected in view of the small amount
of development, which renders natural ventilation entirely adequate.
Haulage from the entries in the majority of the mines is by horse or
mule, but in.a number the cars are pushed by hand.
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CHARACTER OF THE COAL.
PHYSICAL PROPERTIES.

Although the coal is not continuous throughout the Lewistown
field, it retains certain marked physical characteristics which differ-
entiate it in a measure from other coals of the State except that of
the Great Falls field to the west.. That the coals of these two fields
should thus be similar is to be expected, for they are of the same
geologic age. The coal is persistently banded in appearance, with
alternating layers of bright and dull luster, the latter predominating.
The dull bands owe their appearance chiefly to the presence of mineral
charcoal, and since they form the greater part of the bed, the coal is
dull or grayish black in color. Even in the dull bands, however, very
thin, shiny lenses are present. The bright bands are thin, their
thickness ranging from a mere film to about one-fourth inch. -

Where unaffected by structural movement the coal breaks into
cubical or rectangular form, and even the smaller fragments, when
closely examined, show that this prismatic jointing is well developed.
As a rule the vertical jointing or ‘‘cleat” is indefinite and is not a
factor in mmmg

Sulphur in the form of iron pyrites (FeS,) is more or less abundant
in the coal, being dissimilar in that respect to other Montana coals
of younger geologic age, in which the sulphur content is usually low.
Generally the sulphur occurs as small nodules or lenses, though it is
present also as a thin incrustation between layers or along joint
planes.

Coking qualities.—Practical tests have not been made to determine
the coking qualities of the coal of the Lewistown field, but it is gen-
erally believed by the local miners that it will not coke. Where
commercial tests of the adaptation of coal to coking have not been
made, field tests are sometimes employed. The method is to burn a
small amount in a pit under conditions as similar as possible to those -
where coal is coked commercially. Such tests are unsatisfactory
in a measure, for even if the coal seems to possess coking qualities
commercial treatment may be unsuccessful. Inview of this fact, and
also because the coals of the Lewistown field contain a considerable
percentage of sulphur, which would disqualify them in a measure for
use in smelting, field tests were not made.

Recent studies by Max Pishel,* of the United States Geological
Survey, have shown that the coking qualities of coals can be deter-
mined by a simple physical test which apparently is just as reliable,
if not more reliable, than the ordinary field method of-testing in a
pit. It was found that on grinding finely in an agate mortar coal
samples representing many fields in the United States certain coals

« Practical test for coking coal: Econ. Geology, vol. 3, No. 4, JL'me—July, 1908, pp. 265-275.
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adhered strongly to the mortar and pestle. Reference to.the sam-
ples having such behavior revealed the fact that in nearly every in-
stance the coal was of coking quality, as demonstrated commercially.
Further tests are of course needed to prove conclusively that adher-
ence of the powder to the mortar or pestle is confined wholly to, cok-
ing coals, but the experiments seem to point to that conclusion. The
above test was applied to samples from several mines of the Lewis-
town field, and, if it is a safe criterion, the coals are noncoking. '

' CHEMICAL PROPERTIES.

For the purpose of comparison and classification samples of coal
were obtained from practically all working mines of the field, which
were subsequently analyzed in the laboratory of the fuel-testing plant
of the Geological Survey in Pittsburg under the direction of F. M.
Stanton. The samples were collected in a uniform manner in accord-
ance with the instructions for coal sampling which, briefly stated are
as follows: :

Select a clean face of coal and across the bed from top to bottom cut a channel of .
sufficient depth to obtain 5 pounds of coal for each foot of bed, discard all partings
more than one-fourth inch thick and lenses or concretions more than 2 inches in
diameter and one-half inch in thickness. The material thus obtained should be
caught upon canvas or oilcloth to exclude dirt and excess moisture.

The sample thus obtained should be pulverized in the mine if possible until none
of the fragments exceed one-half inch in diameter. The coal should then be mixed
thoroughly and divided into four quarters, the two opposite discarded, and the
remaining two mixed and quartered again. This process should be continued until
the final sample is reduced to dbout 1 quart, which is to be placed in a can, sealed
* air-tight, and sent to the laboratory for analysis.

By the above method samples fairly representative of the bed as
mined can be obtained. The sealing of the samples insures the coal
reaching the laboratory pr actlcally unchanged as regards its moisture
content.

A detailed description of the methods employed in the chemical
analysis of coals may be found in Professional Paper 48, pt. 1.

The analyses of the Lewistown coals are presented in the following
table, which is in two parts, one representing samples as received and
the other giving the analyses calculated on an air-dried basis. The
latter is more nearly representative of the coal as it is used commer-
cially, as a considerable percentage of the moisture evaporates after

_mining. '

- a Parker, E. W., Holmes, J. A., and Campbell, M. R., committee in charge, Report on the operations

* of the coal-testing plant of the United States Geological Survey at the Louisiana Purchase Exposition,

8t. Louis, Mo., 1904: Prof. Paper U. S. Geol. Survey No, 48, pt. 1, 1906.
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Analyses of coal samples from Lewistown field.

GEOLOGY OF LEWISTOWN COAL FIELD, MONTANA.

.

Sage
Buffalo Creek .
d?srtenqgt distriot. Rock Creek district.
NE. } SE. 1 SW.$ | NW.} | SW.}
. DERY
NEY L NEd | XWed ) NER | NW.k | swii | SEY
T.14N., | Sec. 20, T. 12N, | sec. 16, ec. 15, | sec. 14, sec. 3,
Roiow |T-12N, | B 5% | T.13N,, | T 13N, | T.13N, | T.13 N,
: R.14E . R.17E.|R.17E. | R.17E. | R. 17 E.
Laboratory No................. 5290. 5265, 5267. 5266 5264 5273 5274
Sample as received:
Moisture. . 9.95 14,44 17.03 16. 86 13.90 9.18
"‘ Volatile matt 24.87 28.80 27.34 30.23 26.25 26. 69
Q’: Fixed carbon. . 44,22 45.65 43.83 45 60 41.84 43.31
Ash........ 20.96 11.11 11.80 . 17.
Sulphuar. ... ..., 5.51 4.08 4.14 .
lHydrogen. ..o b 4,98 X
=qCarbon.............. ... 51.73 X
Nxtrogen .62 .6
1Oxygen. . 26.73 .
Calories. . .................. 4,937 4,941 5,726 5,381 5,371
British thermal units....... 8,887 |.......... 8,894 10, 307 9, 686 9, 668
Loss of moisture on air drying.. 3.00 7.30 9.00 8.20 6.10 1.90
Air-dried sample:
Moist,ure ................ 7.16 7.70 8.82 9.43 8.31 7.42
) Volatile matter.......... 25.64 31.07 30.04 32.93 27.95 30.27
leed carbon............ 45.59 49.25 48.17 49.068 44.56 44.15
Ash. ... .6 . 12.97 7.96 19.18 18.16
Sulphar 4.55 3.30 6.43 9.57
s |Hydrogen 4.37 5.13 |l
=qCarbon..................0.. 56.85 [.......... 63.48 ...l
= | Nitrogen 68 ... . N2 AT
OXygen. ................ 20.58 j.eunnn.n 19.40 [o e
Calories. . .................. 5,430 [.........n 6,237 5,730 5,475
British thermal units 9,774 [.......... 11,228 10,315 9,855
Wanndsigtrrli%% Creek McDonald Creek district
SW.1 NW.4 | NW. 1 | SW. ¢ SE. 1 NE.+ | NW.}
NW.% | SE.§ [ NW.3 | NE.& | =50 | NW.3 | NW. 4
sec. 32, | sec. 7, sec. 26, sec. 6, 14 N, | Sec 35, | sec. 25,
T. 17 N T.I6N,|T.15N., ) T.14 N, | & 20 E. T.15N.,! T. 15 N.,
R.19E.|R.19E.| R. 18 E. | R. 20 E. ' | R.20E. | R.19 E.
Laboratory No................ 5472. 5475, 5272. 5289. 5295. 5294 5292
Sample as received:
Moisture. ............... 2.84 6.89 15.35 18. 88 11.35 14.13
>< Volatile matter.......... 27.35 28.61 28.27 25.18 29.74 27.37-
: Fixed carbon._.......... 54.29 -42.65 48.08 48.34 46. 56 48.43
Ash. ..ol 15.52 21.85 8.30 7.60 12.35 10.07
Sulphur. 4.87 . 4.53 2.72 4.48 3.69
. | Hydroge . 5.42 5.19 5.02 5.06
~1Carbon. . 61.15 57.31 58.91 |. 59.87
= ANItrogen. .. o.ooiie e 71 .66 .82 |. .74
OXygen........cooooooolloe J P 19.89 206.52 18.42 20. 57
Calories. . .....coveueenn... 512 5,897 5,417 5,841 5,794
British thermal units....... 11,722 9,412 10,615 9,751 '10 514 10, 429
Loss of moisture on air drying. . 1. 60 2.80 8.20 6.40 3.10 7.00
Air-dried sample:
Moisture................ 1.26 4.21 7.79 13.33 8.51 9.91 7.67
g Volatile matter...._._._. 27.80 29 43 30. 80 26.90 30.69 27.20 29.43
=1Fixed carbon........._.. 55.17 43.88 52.37 51.65 48.05 53. 50 52.07°
& 5.77 . 9.04 8.12 12.75 9.39 10.83
4.94 2.91 4.62 4.12 3.97
4.91 4.79 4.83 | ......... 4.60
66. 61 01.23 60.79 {..._...... 64.38
77 .70 85 Ll .79
13.73 22.25 16.16 |.......... 15. 43
6,424 5,787 6,028 6,090 6,230
11,563 10,417 10, 850 10,961 11,214
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Analyses of coal samples from Lewistown field—Continued.

McDonald Creek district.
2 NW.i | NE.2 | NW. NWwW. 1 SW. NE.
NO O INW. | SW.E | SW, }1 NE. f Nw.d| sk f NW.{;
15 N |, $ec. 13, | sec. 32, | see. 18, | sec.9, | ‘1701\}’ sec. 33, | sec. 3,
R I’QE"T 15 N,|T. 16 N.|T.15N.,|T.15N., R 20E’ T.16N.,[T.15 N
IRIOEGR.IOE. JRI9E. | R. 20 E. R.20E.|R.20E
Laboratory No............... 5295, 5293. 5201. 5343. 5471. 5473. 5475. 5476,
Sample as received: ’
. (Moisture.............. 12. 66 12.31 12.59 9.84 8.34 7.98
’c'; Volatile matter....... 29. 62 28.41 26.71 28.70 29. 87 26.63
F: Fixed carbon......... 48.81 51.31 43. 46 42,14 53.63 56. 05
Ash..........o..... 8.91 7.97 17.24 19,32 8.16 9.34
Sulphur.............. 3.68 3.88 3.51 4.63 4.13 4.39
L|Hydrogen..... ...l 4.84 |......... 5.10 4.86
= JON I T PO 66.23 64.85
[ S 76 [l 76 .76
X 18.82 |l 15. 62 15. 80
Calories. ................. 6,061 6,194 5,220 5,283 6,540 6,394
British thermal units..... 10,010 | 11,149 9,396 9,509 | 11,772 11,509
TLoss of moisture on air drying. 6.00 6. 40 5.30 3.50 3.70 Q.70 2.80 3.40
Air-dried sample:
. (Moisture. ... ......... 7.09 6.31 6. 59 4.72 4.74
’.j Volatile matter .. 3151 30.35 29. 95 27.07 27.57
=) Fixed carbon 51.92 54.82 55.01 57.06 58.02
Ash..... 8.45 1115 9.67
Sulphur. 2.02 2.65 4.54
. |Hydrogen 4.48 |......... 4.
—=4Carbon 62,79 |o.....o. 67.13
P Nitrogen. T8 .79
Oxygen.. . 21,48 |......... -12.23
Caloriés. ................. X 6,617 |- 5,873 | 6,200 6,619
British thermal units.... | 11,606 { 11,911 10,570 | 11,176 11,914

Comparison of the foregoing analyses shows that the coals vary
considerably, especially as regards moisture and ash content, in the
samples as received at the laboratory. The minimum amount of
moisture is 2.84 per cent, which is not strictly representative of the
coal at the particular locality where the sample was obtained, as it
was taken in the practically abandoned Shipley mine, whose entry
mouth had been closed for a considerable period. The greatest
amount of water was found in the sample from the Peiper mine,
which likewise had not been worked for some time prior to the inves-
tigation, but in which the coal is in a measure unprotected from air
currents. There is thus a range of 16.04 per cent in moisture con-
tent, the average amount of water being 12.32 per cent. In ash the
coal samples varied from 7.31 to 21.85 per cent, with an average of
12.34 per cent. o

The other results expressed in the analyses—volatile matter, fixed
carbon, and sulphur—do not show so wide a range, although it is
still considerable. The-average of. the volatile matter is 27.65 per
cent, of the fixed carbon 47.52 per cent, and of the sulphur 4.23 per
cent. :
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CLASSIFICATION OF THE COAL.

Six groups of coal are recognized by the United States Geological
Survey, namely: (1) anthracite, (2) semianthracite, (3). semibitu-
minous, (4) bituminous, (5) subbituminous, (6) lignite. It has been
found @ that chemical analysis alone will not serve to separate these
groups definitely, and that more reliance should be placed on physical
characteristics, especially in regard to those below the grade of semi-
bituminous. The chief distinction between bituminous and those of
the lower grades is the comparative effect of weathering. Those of
the former class possess a well-developed joint system, which is
notable even in minute fragments. Those of groups lower than
bituminous, on the other hand, when exposed to weather, break
irregularly and the fragments do not conform to any rule regarding
outline. Upon this ba,sls the coal of the Lewistown field is dlstlnctly
bituminous in type.

In one physical characteristic the coal is similar to that from other
Montana fields which yield lignite—in that the color of the streak or
powder is distinctly brownish, a quality which, it is sometimes
asserted, marks a lignite or lignitic coal. As Campbell points out,
however, this is not a safe criterion for classification. From the
standpoint of heat values, indicated by the calorimeter determina-
tion, the coal might be classed as belonging to the lignite, subbitu-
minous, or bituminous group, for the range in calorific value on air-
dried samples is, as shown in the table of analysee from a minimum
of 9,162 to a maximum of 12,224 British thermal units.

'~ PRODUCTION.

Since the mines of the Lewistown field, with the exception of that
of the Spring Creek Company, supply only a local demand which,
unlike that of the Great Falls field, is not augmented by large indus-
trial enterprises, Fergus County has not thus far been a prominent
factor in the coal production of the State. The following table shows
the production in the county from 1889, the first year for which sta-
tistics are available, to 1906, inclusive. :

aCampbell, M. R., A practical classification for low-grade coals: Econ. Geology, vol. 3 (No. 2, March-
April, 1903), pp. 134-142
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Coal production of Fergus County from 1889 to 1907, inclusive.e

Year. Amount. © Year. ’ Amount.

Short tons. Short tons.
. 460 . 900

45,760

aMineral Resources U. 8. for 1889-1907, U. S. Geol. Survey.

In order to show the comparative production of coal by the various
counties in Montana in 1907, together with the total value and average
price per ton, the following table is appended: :

s

Coal production in Montana in 1907, by counties.®

Average
" Total Total !
County. quantity. | value. prltcoenper
Short tons.
b $1,431,333 $1.92
1,724, 056 1.68
71,077 2.86
172,018 3.76
381,940 3.72
Other counties b.. . . . . 69, 332 121,080 L.75
Small MiNeS. ... .o il 2,030 5, 578 2.75
1.94

2,016,857 | 3,907,082 '

& Mineral Resources U. S. for 1907, U. 8. Geol. Survey, 1908, p. 150.
b Deerlodge and Gallatin.

From the foregoing table it will be noted that Fergus County,
though probably ranking fourth in the producing counties of the
State, furnished little more than 2 per cent of the total tonnage. It
will also be noted that the average price per ton for Fergus County
coal is the highest on the list. This higher monetary value can be
ascribed to several causes. The demand for coal in the field is not
large, but, owing to scarcity of other fuel, is insistent during the
winter months at least. The field has not had direct connection
with other producing areas of the State, hence competition has not
entered as a factor to decrease the price of coal. Mining conditions,
especially the relative thinness of the bed in most of the producing
districts in the Lewistown field, are not especially favorable to cheap
mining, although, in the f'uture, development on a larger scale may.
tend to decrease the cost. The following abstract from the agree-
ment between Montana Coal Operators and the United Mine Workers
of America, District No. 22, for the year commencing October 1, 1907,
affords a comparison of mining rates in the adjoining Lew1stown and
Great Falls fields.
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Scale of mining rates and local provisions in the Belt (Great Falls field) and Lewistoun

fields. -
- i | Lewis-
md|
. field.

Pick mining per ton of 2,000 pounds ran of MiNe......... ..o ...ooeiiiiiiiiiiiia. $0.75 $1. 50
Loaders, per ton of 2, 000 pounds, runofmine................... N . 43% .84
Room tummg ................................. .. 8.00 10. 00
Room crosscuts, per vard ........................................................... 1. 50 3.25
Coal delivered t0 employees, PEr LON . . ..o ouirne et = 2.50 4.00

FUTURE DEVELOPMENT.

The Lewistown field has hitherto been, and to a large degree will
probably remain, a region more or less commercially isolated so far
as coal production is concerned. Transportation facilities were lack-
ing up to the time of the extension of the Montana Railroad into
Lewistown in 1904. Had there been an outside demand coal could
not have reached other than a local market, and at present transpor-
tation rates are too high to allow of competition with other fields.
The chief consumers of Montana coal are the railroads and the smelt-
ers. The latter are located at Anaconda, Helena, and Great Falls,
and each has more ready access to other coals than to those of the
Lewistown field. _

Other conditions in the surrounding region also point to the im-
probability that there will be a marked development of the coal
resources of the Lewistown field in the near future. To the east is
an extensive, sparsely settled area, and this part of Montana will
probably remain relatively in its present condition. To the south
lies the Bull Mountain field, where a large amount of coal is readily
-available and where a great impetus in development is being received,
due to the construction of the transcontinental line of the Chicago,
Milwaukee and St. Paul Railway, which crosses the field and which
will furnish an outlet for the coal. Still farther south are the coal
fields of Red Lodge, Bear Creek, Bridger, Chestnut, Trail Creek, and
Electric, which supply the towns and smelters along the Northern
Pacific Railway, as well as the railway itself. To the west is the
Great Falls field, which controls the market in that section of the
State. This field, especially the Sage Creek district, is the nearest
competitor to the Lewistown field. The new line of the Billings and
Northern Railroad crosses this district, and extensive developments
are under way a few miles west of Wmdham This new line of rail-
road gives an outlet at present for the Sage Creek coal only and spurs
will be necessary to make the coal of the other districts available.

In spite of the foregoing considerations, however, there is every
probability that there will be a constant and increasing local demand
for the coal of the Lewistown field. Judith Basin has developed
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remarkably within the last few years and now contains a considerable
agricultural population. Lewistown is a thriving business center,
and other towns within the field are growing rapldly Another fac-
tor which will add to the local demand for coal is the depletion of
timber in the field. The Little Belt, Judith, and Moccasin moun-
tains are now almost bare, and the only remaining sources of timber
are the Big Snowy Mountains and the district in the vicinity of Rock
Creek.

In regard to the possibility of future demands from outside the
field for coal, there is a rather important factor which should be taken
into consideration. The Great Falls and the Lewistown fields are
the only large areas in the central part of the State which contain a
bituminous coal. The coal in the eastern part of the State is a lig-
nite, and that of the Bull Mountain and other fields to the south is
probably subbituminous. This latter class of coal, while it is a fair
 grade of fuel for stationary engines, is not so well adapted for loco-
motives, and in addition it does not stock well. On the contrary,
the coal of the Lewistown field both stocks fairly well and is an ex-
cellent locomotive fuel. Because of these qualities it seems probable
that if in the future an outlet is furnished for the coal it will be used
to a greater degree by the railroads of the State in preference to fuel
of 10wer grade.






INDEX.

A. Page.
Acknowledgments to those aiding........... 8
Alluvium, character and distribution of. .. .. 43
Antelope Creek, faulton.. ... ............. 51-52
TOCKS €A .. oeieiii i 27
Armells Creek, descriptionof................ 12
B.
Bald Butte, rocksof......................... 44
Beaver Creek, deseriptionof................. 1
Benton formation, absence of .. _._............ 29
Big Casino Creek, description of............. 11
Big Snowy Mountains, coalin_.............. 62
.location and characterof................ 8-9
rocks of and near. .. 14,15,21,28,30,32, 41, 42,60
sectionin......... ...l 33
structureof and near. ................... 46,48
Big Spring Creek, coalnear.... .«..... .. 52,65,66
(5 1 X0 D 50
faultson. .. . .. ........oll. 52-53
BYPSUIM ON. et 55
section on. ... il 20
water supply of...... ... 11,53
Black Diamond mine, descriptionof......... 66
Boyd Creek, locationof...................... 11
T O 53-54
Brew & Parsons mine, sectionof............ 69
Buffalo Creek district, coalof. ............... 58-59
coal of, analysesof. ...................... 74
Building stone, occllxrrencc of ... . ... 55
C.
Carboniferous rocks, occurrence and character
Of e 14-19
Castle Butte, rocksof....... ... . ... ... ... 35
Castle Creek, descriptionof.................. 11

Castle limestone, occurrence and character of. 14
Claggett formation, character and distribution

1 34
fossilsof . ... ..o 34,35
sectionof......... ... ... 34
Clay,useof.... ...l 55-56
Cliffe mine, descriptionof....._ ... .. ... ... 68
Coal, analyses of. ... .........o.iiiiiiiii.n 73-75
characterof........ ... ... 72-75
classificationof. ... ... ... ... ...l 76
cokingof. . ... ... il 72
development of, futureof . .........._.._. 78-79
_ influenée of drainageon............. 10-11
influence of faultson................ - Bl
influence of structureon............. 45
discussion of.

flelds of . .. .o.ieei i
See also particular districts, places, elc.

88867—Bull. 390—09——6

Page.
Coal, formationof....................oillL 45
occurrence of .. ...l 48
mines of, deseriptionof.................. 56-71
drainageof.............. ... ... 71
mining conditionsof. .......... ... ... i
productionof.. ... ...l 76-78
quality of . . ...l 73-75,79
sections of, plate showing................ 72
Coke, tests for....ooovoeveiiiiaiiiiiiine 72-73
Colorado shale, character and distribution of. 29-31
$08SilS Of ..o e e, 31-32
sections of..........ooiiiiiiiiiiiill 30
subdivisionsof. ........... ...l 29
Cooper mine, descriptionof . ................ 61-62
Cottonwood Creek, descriptionof............ 11
Cow Creek, roCKS N€AT. ... covvuvenenncnennnnn 34
Cox mine, deseriptionof..................... 66
Cretaceous rocks, occurrence and character of. 24-35
Culture, description of. ...............o....o. 12-13
D.
Dakota formation, search for. ............... 29
Deer Creek, dome on, rocks of and near....... 17,
30-31,33, 44,51
dome on, section of...........o....ol... 33
faultat. ... . .l 54
Jocationof. .. . ... ...l 12
Domes, occurrence and characterof.......... 48-51
Drainage, deseriptionof..................... 10-12
influence of, on coal development........ 10-11
Drainage, mine, problemof. . ............... 71
E.
Eaglesandstone,character and distributionof. 32-33
coalin...... ... ...l 56
fossils of. ... 33
sectionsof. ... .. ...l 33
Economic geology, accountof............... 55-79
Elevations, dataon. . ............. SO 10
Ellis formation, character and distribution of. 19-22
fossils of .. ..o 22
gypsumin. ... ... .iioiiiiiia. 55
sections of .. ... .. ... iiiiiiiiiiiiiin 20,21
Erosion, progress of. . . .....o.oiioiiiiiianan 45
’ ¥.
Faults, occurrence and characterof.......... 51-55
Field work, extentof . ............... ... ... 7-8
Fisher, C. A., on Kootenai formation........ 24-25
on Morrison formation................... 22
workof. ... 8
Flaherty mine, descriptionof._.............. 67
Flat Mountain, deseriptionof............... 36-37



82 ' 4 INDEX.
Page. . Page.
Flat Mountain, travertineof ............... 36,35 | Lewis Range, terracesof................. e 43
VieW ol e 26 | Lewistown, building stone near.............. 55
Tolds, occurrence and characterof.... ... ... 47-48 descriptionof... ......... ...l
Fordyce, C. P., workof. ... ............... 8 geographic position of.
Forestgrove, coalmear . ..................... 65 rocks near. ..
G Lewistown district, coal of
s ’ Little Belt Range, location and character of. . 9.
Garneill, rocks near....... 16, 20, 23, 26, 30-31, 32, 34 POCKS Of-ne oo
Geography, description of...0............... 8-13 section through, figure showing.
Geologic map of field. See Map, geologic. structure of.
Geology, economic, account of............... 55-79 | Location of field
Girty, G. H., fossils determined by-....... 15,17-19 :
Gilmore, C. W ., fossils determined by....... 24 . M.
Giltedge, coalmear. ..............cocceeea.. 65,67 | McDonald Creek, coalon....._.............. 12,27
Glaciation, absence of....................... 42 description of.
Gold, occurrence of 55 [2472 525101 00 W0 « AR
Gold Reef Mining and Milling Co., mine of.. 67 TOCKS I€AT . . ..ieiiniaicneann.
Gravel, character and distribution of........ 41-43 | McDonald Creek district, coal of .. 64-69
Gypsum, occurrence of .. .................... 55 coal of, analyses of_......... ... 7475
H McDonald Creek Fuel Co., mine of.. ... 68
. Mace mine, descriptionof................ ... 63-64
Hamilton mine, deseription of............... 66 SECEIOM I Na s o oo 63
Harmon opening, deseription of-............ 71 | Madison limestone, character and distribu-
Hatcher, J. B., and Stanton, T. W., on geol- BIOTL OF - oo 14
ogy of region. .. .. e fault in, view of. . 26
Hill mine, descriptionof.................... FOSSILS T0n o o e e e e e e e 15
Hoats, J. R., workof ........................ Maginnis Peak, rocks near................... 44
Hobson mine, description of. Map, economic, of field 8
Horsethief Coulee, coalin............... - Map, geologic, of region................... Pocket.
Hot Springs, deposits of. .................... preparation of . ..................... . 7-8
1. Metamorphic rocks, occurrence and character
Igneous rocks, occurrence and character of... 43-45 | 3y draina(;fa.,.;r;];l.éﬁl' 'of__ o 4 ;f
) ‘ 7. Mining, conditions attending.:.............. 71
Judith Basin, developmient in............... 78-79 | Mississippian rocks, occurrence and character
location and character of . .............. 9 O AR 14-15
Judith Gap; coal at 60 Moccasiq Mountains, domes near............ 50
TOCKS DeAT. . ..o icieeeeaeanaaeaannns 34 gold }n """"""""""""""""""" 55
SUPUCHITE TEAT « - oo 48 location and character of............. . 9
Judith Mountains, coal in. rocks Of. . .....ooiiiiiii 14,16-17,
gold iD.eeenenneeenan.. . . 21,26, 28, 30, 31, 33, 34, 35, 36, 40, 41, 42
location and character of silverin...... . s 55
rocks of and near. . . ..o oooeoonnn . 14,16-17, structu.re of o 38, 39, 46, 48
21,22, 28, 30, 31, 33, 34, 35, 40, 41, 42, 43, 44, 45 tr’avel.rtme biT:1: ) [ERERERRE 39
SIVEr il 55 VIEW Ml oeeeees AOVERIARR %
SETUCEUTE O« - - o oo 34,46, 48 Montana, coal productionof. ................ 77
Judith River, description of. 1112 Montana group, occurrence and character of. 32-35
TOCKS OM. - oo I 15 Moor.e, rocks nea.r ..................... e 41
Jurassic system, occurrence and character of. 19-24 | Morrison formation, character and distribu-
tionof.......o....iilLl. 22-24
K. £0SSEIS Of .+ eee e 24
sectionof.. ...l 23

Knowlton, F. H., fossils determined by.. .... 29,35

Knox mine, descrlptxon [ S ..

Kootenai sandstone, building stone in .
character and distributionof........_.
coal in.. ... .l
fossilsof .......... et
sections of .
view of. ..

. L.
Labor, wages of .........o.oiiiiiiiiaiaiaas 77-78
Laccoliths, formationof..................... 46-47
Lewis mine, descriptionof................... 68

Mountain limestone. Se¢ Madison limestone.
Mowry sandstone, correlation of
Muddy Creek, fossilson.....................

sectionson...................

Musselshell River, deseriptionof............. 12
N

Nevin mine, deseriptionof................... 63

New Year Mining Co., mine of.... B 64

Niobrara limestone, occurrence of............ 29

Northern Transcontinental Survey, workof.. 7,8
P.

Paine shale, occurrence and character of. ... 14

Peiper mine, deseriptionof.................. 66



INDEX. : 83

: . Page.
Pennsylvanian rocks, occurrence and charac-
terof. ... .. ...l 15-19
Pike Creek, locationof. ..................... 11
Pirsson, L. V., and Weed, W. II., on geology
o! region................. passim 22-47
Pishel, Max, coking testof.._ ._._........... 72-73
Porphyry Peak, rocksof.................... 44
Q-
Quadrant formation, character and distribu-
tionof. ... ...l 15-17
coalin. . ... il 56,62
fossilsof .. ... .l 17-19
seetionsof..... ...l 16
Quaternary system, occurrence and character
of 35-43
R.
Railroads,accessby............ioiiiiiiains 13,78
Rand mine, descriptionof................... 62
Red Blyft Coulee, sectionat................. 23
Roads, character and locationof............. 13
Rock Creek,coalon...........oooeuneaon. 11,27,48
descriptionof. . ... ...l 11
TOCKSMeAr. . ....c.eoiiiiiiiiaiaaannn 27
Rock Creek district,coalof.................. 60-62
coal of, analysesof....................... 74
well in, record of . . ..... T 60
Ross Fork, descriptionof.................... 1
Ross Pass, rockS Dear......c.coeeuereennannn. 44
S.
Saager Canyon, foldsnear................... 47
Saager Canyon mine, description of.......... 59"
Sage Creek, description of....................
rockson................
Sage Creek district, coal of.
coal of, analysisof.................. ...
Sedimentary rocks, description of............ 13-43
Sharp mine, descriptionof............. ..., 66-67
Sharp, sr., mine, desctiptlon [4) 61
sectionin.........i.......olill 61
Sherman mine, deseriptionof......... ... .. 68-69
seetionof..... ...l 68
Showan mine, deseriptionof................. 57-58
sectlonof.. .. ...l 57
Silver, occurrenceof........... ... T 55
Smelters, locationof...... ...l 78
South Moccasin Mountains, faults at....... 55
sectionsin. ...l 21 26-27
See also Moccasin Mountains.
Spring Creek mine, description of............ 70-71
Square Butte, erosionof........... ... ... 40
travertineon.............. ...l 36
Square Butte, viewof ...l 26

Page.

Stanton, T. W., fossils determined by....... 22,35

Stanton, T. W.,and Hatcher,J. B., on geology

ofregion...................oo....

Stebinger, Eugene, workof..................

Stratigraphy, description of“.

Structure, description of...... ... ... ...
relation of, to coal development.......... 45

Sun River, moraineson..................... 43

T.

Terraces, age of........... s 42-43
character and distribution of............. 41-42
originof............. e e 41-42

The Park, travertinein...................... 36

Timber, source of..........ocoiiiiiiiaaan.. 79
USC Of. et 71

Topography, deseription of .................. 9-10

Towns, locations of.

Travertine,age of e
character and distribution of............. 35-37
details of, plate showing................. 36
originof.. .. .. . ... ... ... ........... 37-29

Twin Sisters, elevationof.................... 9

U. )

Umpleby, J. B., work of............. et 8

Utica, folds near

Ww.

Wages,scale of. ... 77-18
‘Warm Springs Creek, coalon.............. . 49,55
description of.... ... ... ... 11,12,49
domeon............ooiiiiiiiiiiiia. 49-50, 64
faultsat.... .. ... ...l 54-55
TOCKSDeAr.........ooeeeiiiL 33,36, 44,45
water supply of...................... 11, 40, 55
Warm Springs district, coal ino...o.oollL 62-64
coal in, analysesof...................... 74
Wasmansdorff, O. F.,aid of................ 8
Water, SUpply of . . ..........o.oooiiii. 11
Weed, W. H., on Ellis formation............ 19
on Madison limestone. . .. 14
on Quadrant formation.................. 15

Weed, W. H., and Pirsson, L. V., on geology
ofregion................. passim 22-47
West Buffalo Creek, coalon................. 11
descriptionof... ... 11

Woodhurst limestone, occurrence and char-
acterof. ...l © 14
Windham, coal under....................... 56
Williams mine, descriptionof............... 59
section through, figure showing.......... 59

0



