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MEMORANDUMEFROM THE CHAIRMAN

To Members of the Senate Committee on Interior and Insular Affairs:

T am transmitting for your information a report entitled ‘‘Mineral
and Water Resources of Montana,” prepared by the U.S. Geological
Survey at the request of our colleague, Senator Lee Metcalf.

This detailed survey will be particularly helpful to government and
business leaders in Montana. It will also be valuable to the Congress
and members of this committee as we consider legislation regarding

mineral and water development.
Henry M. Jacxkson, Chairman.

jass






FOREWORD

This report was prepared at my request by the U.S. Geological
Survey, in cooperation with the Montana Bureau of Mines and
Geology.

The objective—which was fully met—was to make significant data
on Montana’s abundant mineral and water resources readily avail-
?blg to interested citizens and government, civic and industrial
eaders.

In 1958 the Forest Service prepared a somewhat similar report,
“Full Use and Development of Montana’s Timber Resources”
(S. Doc. 9, 86th Cong., 1st sess.), at the request of the Montana
congressional delegation. That report has proved invaluable to
many persons as a reference and as a guide to further development.

This excellent study on “Mineral and Water Resources of
Montana” is a worthy companion to “Full Use and Development
of Montana’s Timber Resources,” and provides data from which
further development of Montana resources can proceed.

I wish to thank the personnel of the U.S. Geological Survey and the
Montana Bureau of Mines and Geology who contributed to this report.

Lee METCALF.
v
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LETTER OF SUBMITTAL

DEPARTMENT OF THE INTERIOR,
GroroGicarl SurvEey,
OrricE oF THE DIRECTOR,
Washington, D.C., February 15, 1968.
Hon. Ler MeTcaLr,
U.S. Senate, Washington, D.C.

Dear SenaTor METCALF: I am pleased to transmit herewith a
summary report on the mineral and water resources of Montana
which has been prepared by the Geological Survey in collaboration
with the Montana Bureau of Mines and Geology. = It has been pre-
pared in response to your request of August 23 and discussed further
in your letter of November 16, 1962,

The report covers all mineral commodities known to exist in signifi-
cant amounts in Montana, although the discussion of each commodity
is necessarily brief. Surface and ground water supplies of the major
river basins are described in somewhat greater detail and generalized
information is presented on the chemical quality of water. A number
of maps and diagrams in black and white are used to supplement the
narrative discussion of the occurrence and distribution of many of
the commodities and the availability of water supplies.

It is hoped the data provided by the report will be adequate to
supply the needed information.

Sincerely yours,
Tromas B. Novan, Director.
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INTRODUCTION
(By A. E. Weissenborn, U.S. Geological Survey, Spokane, Wash.)

This report describes in summary form the mineral and water
resources of Montana, their uses in industry, the economic factors
that affect their exploration, their distribution throughout the State,
and the manner in which they occur. Produection figures are given
where available, and the relative importance of the State as a source
of each commodity is discussed. All mineral commodities known to
exist in Montana in significant amounts are considered whether they
are being successfully exploited at present or not. The geology of the
State is summarized in an introductory chapter and the relation be-
tween the regional geology and the distribution and character of the
State’s resources is considered briefly.

The report has been compiled by members of the staff of the U.S.
Geological Survey and the stafi of the Montana Bureau of Mines and
Geology. It is based essentially on the publications on the geology
and resources of Montana, supplemented by material in the files of the
U.S. Geological Survey and the Montana Bureau of Mines and Geology
and the personal observations of the more than 17 individuals who have
contributed to the various chapters of the report.

Treatment of each commodity is necessarily brief. Tt is hoped,
however, that this report will provide a ready reference to those
interested in the mineral and water resources of Montana. Compre-
hensive bibliographies are attached to each major section of the report
for the convenience of those who wish to investigate the original
sources, and throughout the text specific references are made to these
sources.

Thanks are due to Dr. Edwin G. Koch, director of the Montana
Bureau of Mines and Geology, who provided for the cooperation of his
staff in the preparation of the report, and to members of the Montana
burean who contributed numerous chapters to the report. Special
thanks are due Mr. Uuno Sahinen, chief geologist of the Montana
bureau, for his valuable suggestions and assistance.

‘We are also indebted to Mr. G. W. Yoder, chairman of the Oil and
Gas Commission of the State of Montana, for permission to reproduce
figure 6 and table 1 of this report, both of which have been taken
from publications of the commission.

-1
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THE MINERAL INDUSTRY IN MONTANA
(By A. E. Weissenborn, U.3. Geological Survey, Spckane, Wash.)

Montana is known as the Treasure State because of the richness
and variety of its mineral resources, and the State’s economy from its
beginning has been closely tied to its mineral wealth. Tt was the dis-
covery of gold that in the 1860’s brought the first permanent settlers
to what is now the State of Montana, and it ‘was the copper mines of
Butte that in the early 1880’s brought the railroads to Montana, thus
facilitating the settlement of the country. The population centers
that grew around the mines and smelters provided local markets for
the products of the rancher and farmer who soon followed the miner.
Montana mineral production has made important contributions to
both the local and the national economy, Butte alone having added
over $2 billion of new wealth to the Nation—one of the very few metal
mining districts in the world that has produced this much. Montana's
gold production is estimated at 17,600,000 ounces or over $616 million
at the present price of gold, much of it having been produced in the
years following the Civil War when gold was urgently needed to
strengthen the currency and to bolster the economy. Strategic and
critical metals and minerals from the State’s mines have contributed
significantly to the national security at times when these were urgently
needed. The value of the annual output of the minerals and metals
that Montana has produced is shown graphically in figure 1 on op-
posite page.

Although Montana’s beginnings are rooted in the mineral industries,
as the State’s population increased the value of agricultural products
became greater than the value of its mineral products. In 1961, the
cash receipts from farm marketing amounted to $374.6 million; the
value of all mineral products during the same year was $183.4 million
according to the U.S. Bureau of Mines Minerals Yearbook. Although
now second to agriculture, the mineral industry nevertheless is of
vital importance to the economy of the State.

Despite extreme fluctuations such as occurred from 1916 to 1919,
or in the depression years of the 1930’s, the value of Montana’s
mineral production has shown a fairly consistent upward trend (fig. 1).
This trend is to some degree misleading, because it shows the value
of mineral products produced, not the amount, and higher prices in
recent years for some commodities tend to distort the curve. For
instance the tons of copper produced in 1961 is no greater than the
annual production in years immediately preceding World War I,
although its dollar value is considerably greater. Nevertheless, the
graph serves as a guide to the development of the mineral industry
in Montana. For example, it brings out clearly the rapid growth
since 1935 of the petroleum industry relative to the other mineral
industries.

According to statistics from the Montana State Employment
Service (as given in the U.S. Bureau of Mines Minerals Yearbooks)
in 1961 the total employment in mining within the State, including

9



10 MINERAL AND WATER RESOURCES OF MONTANA

production of petroleum and natural gas, was 6,900 of which 4,200
persons were employed in metal mining, 700 in mining nonmetals
(including coal) and 2,000 in the production of petroleum and natural
gas. An additional 4,500 persons were employed in plants processing
primary metals and in petroleum refineries. Total employment in
1961 directly connected with mineral industries was 11,400. This
contrasts with 1953 when 11,600 were employed in mining: 8,200 in
metal mines, 1,000 in nonmetal mines and 2,400 in producing petro-
leum and natural gas. An additional 4,800 were employed in proc-
essing mineral products, making a total of 16,400 employed in the
mineral industries. Thus, although the value of mineral production
was considerably greater in 1961 than it was in 1953, this production
was obtained with a greatly decreased labor force—in the case of metal
mining with only a little over half the number employed in 1953.
This trend, which is industrywide and not confined to Montana alone,
is represented graphically in figure 2. It presents a serious problem
to States such as Montana whose economy is so dependent on the
mineral industry, and warrants some discussion.

Many factors have tended to bring this about. In contrast to the
situation, a few years ago, when there was a scarcity of many mineral
commodities, exploration has been successful in finding new deposits
of copper, lead, zinc, and other metals, both in the United States and
in foreign countries. The result is that for some metals, world pro-
ductive capacity has caught up with, and in some instances surpassed,
consumptive demands, at least temporarily. Coupled with this,
some metals are faced with competition from other metals or from
such materials as plastics, which, for some uses, can replace them.
All this has tended to hold prices of metals and mineral commodities
to relatively low levels when compared with other commodities.
At the same time, increased labor and materials costs, declining ore
grades, deeper mining, and related factors have resulted in higher
operating costs. Mine operators have been forced to increase the
efficiency of their operations in order to survive. The tendency
has been to concentrate operations into fewer, more effective operating
units with a significant deecrease in the number of active mines. This
trend is not new; it has been going on for a long time as can be seen
from inspection of the upper curve of figure 2—the number of mines
operating in Montana since 1900-—and is paralleled by similar trends
in other industries, such as agriculture. An interesting feature of the
curve is the sharp reversal that occurred between 1931 and 1943.
This resulted from two things—the depression years of the 1930’s
when many jobless miners tried to scratch a living by prospecting and
mining on their own, and the rise in the price of gold, which encouraged
the attempt to operate small placer and lode mines. After 1943, the
downward trend continued without interruption.

Montana’s mineral industry is founded on the resources hidden
beneath her mountains and plains, but the minerals produced are
consumed almost entirely outside the State. Thus the prosperity
of the mineral industry within the State is dependent on the national
economy and on demands by industry for mineral products. The
past few years have been difficult ones, particularly for the small
operator. This situation is not likely to change greatly in the next
few years. Nevertheless, there are some hopeful signs. The output
of Mentana’s mineral products has shown a healthy upward trend
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12 MINERAL AND WATER RESOURCES OF MONTANA

in the past few years (fig. 1), ore reserves at Butte are said to be at
an alltime high, and there appears to be some indication of increasing
activity in mineral exploration within the State. Consequently,
the immediate future can be viewed with at least moderate optimism.
In the longer range view, prospects seem brighter. With increasing
populations and improved standards of living, both at home and
abroad, the metals and minerals that Montana can produce are likely
to be urgently needed.



GEOLOGY

(By U. M. Sahinen, Montana Bureau of Mines and Geology, and C. E. Erdmann,
A. E. Weissenborn, and P. L. Weis, U.3. Geological Survey)

InTrRODUCTION

Montana is separable physiographically into three distinet, roughly
parallel, northwestward-trending regions. Hach comprises about
one-third of the State, and the distinetive character of each is strongly
influenced by the stratigraphy and structure of the underlying rocks.
The distribution of these rocks is shown in figure 3! (Perry, 1962).
This has been generalized from a map that has been published by the
U.S. Geological Survey in cooperation with the Montana Bureau of
Mines and Geology (1955).

TorograruY

The western third of Montana forms the euastern part of the
Northern Rocky Mountains (Fenneman, 1931, pl. I, province 19;
ch. V, pp. 183-224). This province is characterized by deeply
dissected mountain uplands, separated by intermontane basins.
These mountains have been carved by erosion from recks that have
been uplifted and in many places faulted and folded. Alden (1953)
has recently described their surface features and glacial sculpturing.
The southern half of this western mountain region has been invaded
extensively by granitoid igneous rocks, the two principal bodies
being the Idaho batholith south of Missoula and the Boulder batho-
lith between Helena and Butte (Billingsley, 1916) (fig. 4).' Volcanic
activity in this region has resulted in lava flows, and beds of ag-
olomerate and tuff, as well as small intrusive bodies.

The eastern border of the Northern Rocky Mountains is marked
by a 10- to 30-mile-wide strip, known as the Disturbed Belt (fig. 5),
that is distinguished by severe deformation in consequence of over-
thrust faulting. The topographic transition from the bold Rocky
Mountain Front to the Great Plains Province, or Missouri Plateau
(Fenneman, 1931, pl. I, provinces 13a, 13b; pp. 61-66), takes place
over a short distance across the Disturbed Belt.

Most of the processes that contributed to the formation ot the
majestic western ranges also have been active in the Great Plains
province of Montana, the principal differences being that the major
components of diastrophism have been mostly vertical rather than
tangential and were somewhat later in time. The result is a series
of isolated mountain ranges that break the monotony of the seemingly
endless plains. Some are formed as a result of block faulting; others
by the intrusion of igneous stocks or laccolithic masses; still others
are the remnants of volcanic piles. Some are simply broad welts
without much topographic relief, but all are separated by gently
inclined beds.

1 Nore.—Figure indicated appears as a folded map at the rear of this document.

13



14 MINERAL AND WATER RESOURCES OF MONTANA

The eastern third of the State is devoid of mountains and, except
along the west flank of the Cedar Creek anticline south of Glendive,
the strata are nearly flat-lying (fig. 5). The surface features of the
middle and eastern parts of Montana have been described in detail
by Alden (1932).

STRATIGRAPHY
PRECAMBRIAN ROCKS

The Precambrian rocks of Montana may be divided into two units,
an older pre-Belt unit of metamorphic and intrusive rocks and a thick
overlying unit of sedimentary rocks known as the Belt series.

PRE-BELT METAMORPHIC AND INTRUSIVE ROCKS

The rocks of this unit are exceedingly old and constitute the so-
called basement complex. Their principal areas of exposure in
Montans are in the southern part of the State between Dillon and
Livingston and between Livingston and Red Lodge. Other exposures
of smaller extent occur in the Little Belt Mountains around Neihart
and in the core of the Little Rocky Mountains south of Harlem. As
shown by scattered drill holes, this ancient terrane also underlies
much of the Plains area at depth.

Several groups of these highly metamorphosed rocks are known,
the best exposed being the Pony and Cherry Creek groups and the
Stillwater complex. The first two consist of marine sediments which
were complexly folded, metamorphosed, and intruded by diabasic,
gabbroic, and granitic igneous rocks before the deposition of the
sedimentary rocks of the overlying Belt series (Tansley, et al., 1933;
Heinrich and Rabbitt, 1960; Reid, 1957). The Stillwater complex
of ultrabasic igneous rocks is exposed over a wide area in Park, Still-
water, and Sweet Grass Counties. Radioactive age measurements
on three pre-Beltian rocks indicated ages of 1,690 million and 2,540
million years for these rocks (Hayden and Wehrenberg, 1959, pp.
1778-79).

Much of northwest Montans is occupied by rocks of the Belt series
(Ross, 1959; Ross, in press), a sedimentary sequence of shallow-water
marine origin 35,000 to 50,000 feet thick, that rests with great uncon-
formity on the crystalline rocks below, and is in turn overlain by beds
of Middle Cambrian age. Deposition took place in a broad, slowly
sinking structural trough whose eastern margin in Montana extended
roughly southeast from Glacier Park to the Big Snowy Mountains
in the central part of the State, and from there southwest through
Three Forks, Whitehall, the Highland Mountains, and Armstead.

Regional low-grade metamorphism has altered the original sedi-
mentary rocks—sandstone, silty shale, and carbonates—to quartzite,
argillite, and impure dolomite. They are divided stratigraphically
into four units which are, from oldest to youngest: the pre-Ravalli
rocks, the Ravalli, the Piegan, and the Missoula groups (Ross, 1959,
p. 17). Sills, dikes, and lava flows of Precambrian Age are present
locally. On the basis of radioactivity measurements of two specimens
of pitch-blende fron the Sunshine Mine, Coeur d’Alene district, Idaho,
which is in strata correlative with the Ravalli group of Montana,
Eckelmann and Kulp (1957, pp. 1129, 1130) concluded that the
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uranium mineralization occurred about 1,190 million years ago. The
rocks that enclose the uranium minerals must therefore be still older
(Wallace and others, 1960, p. 25).

PALEBOZOIC ROCKS

Strata of Cambrian, Ordovician, Silurian, Devonian, Mississippian,
Pennsylvanian, and Permian age comprise the Paleozoic era, which
in Montana had an original thickness of approximately 10,000 feet.
Rocks of this era, which is estimated to have had a duration of about
335 million vears, have been deposited extensively over Montana
(Sloss, 1950, pp. 423-451). Today, except for small isclated remnants,
Paleozoic rocks have been completely removed by erosion west of
longitude 113°40’, or the meridian through a point about 16 miles
east of Missoula. East of this line Paleozoic rocks are exposed in
upturned belts along the Rocky Mountain front, surround the cores
of the larger mountain masses of southwest Montana as well as some
of those out on the Plains, and generally are in the subsurface wherever
younger rocks are present.

This distribution has been outlined on a series of preliminary
paleogeographic maps by Perry (1962, pp. 23-27); and the strati-
graphic nomenclature of the various series, groups, and formations
is given in further detail for nine separate areas in a chart which is
included here through the courtesy of the Montana Oil and Gas
Commission (fig. 6).T The stratigraphic names of the various forma-
tions in this chart may not in every case follow the customary usage
of the U.S. Geological Survey. Practically all Paleozoic units shown
are of marine origin. Dolomite and limestone are the preponderant
rock types, although shale, siltstone, sandstone, and evaporites
(gypsum, anhydrite, and salt) also are present. The vertical shading
in the chart represents strata that are absent either because of non-
deposition or because of subsequent uplift and erosion. Such breaks
represent unconformities of various kinds, some of which are regional
in extent. These unconformities are in places of economic signifi-
cance because of the influence they may have had on the migration
and accumulation of petroleum and natural gas.

MESOZOIC ROCKS

Sedimentary formations of Mesozoic age with an aggregate thickness
of about 5,000 feet crop out over about 55 percent of the area of
Montana, chiefly in the central and eastern part of the State, where
they have been brought to the surface on the northern end of the Black
Hills uplift and the elongate Cedar Creek anticline. In western
Montana limited exposures occur in belts adjacent to Paleozoic rocks
in scattered mountainous areas. Deposition was continuous during
most of the Jurassic and Cretaceous Periods, but in some areas much
or even all of the Triassic strata is missing, the absence of these beds
marking a great unconformity that separates the Mesozoic from the
Paleozoic system over much of Montana (fig. 6).

The Mesozoic era, which had a duration of about 155 million years, is
characterized by the deposition of both continental (terrestrial) and
marine rocks. The Upper Cretaceous rocks in particular consist of a
sequence of thick alternating wedges of marine and continental strata.

1 NoTE.—Figure indicated appears as a folded map at the rear of this document.
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Shale is the most abundant Mesozoic vock of marine origin, with
sandstone next. Marine limestone is conspicucus in the Jurassic
system. The terrestrial strata arve chiefly mudstone, siitstone, and
sandstone, with minor fresh-water limestone.

The Mesozoic era culminated in a period of major mountain
building, aceompanied by voleanism, that persisted into the early part
of the Tertiary period, the entire interval constituting the rather ill-
defined Laramide Revolution. A thick sequence of tuffs and andesitic
flows interbedded with continental sediments was laid down in the
Boulder batholith area, in the Livingston area, and elsewhere. The
eranitic intrusives such as the Idaho batholith in Tdaho and western
Ravalli County, Mont., and the Boulder batholith and Tobacco Root
batholith in central-western Montana, and others were emplaced
during this period of diastrophism. Most of the metalliferous ore
deposits of the State are associated with these granitic intrusive rocks
and were formed approximately at the same time.

CENOZOIC ROCKS,

Tertiary system.—Throughout the Cenozoic, which is estimated
to have had a duration of 60 or 65 millions, streams and rivers were
reinvigorated by the Late Cretaceous-early Tertiary orogeny of the
Northern Rocky Mountains. Vertical uplifts or tilting that may still
be in progress swept great floods of rock waste over the Eastern
Plains region of Montana and into deep structural basins and valleys
within the mountains in the western part of the State. The original
agoregate thickness of this continental detritus is difficult to estimate
because of more or less continuous eresion and redeposition. Along
the mountain front, however, and in some intermontane valleys, the
order of thickness may have been as much as 4,000 to 6,000 feet,
thinning to 3,500 to 4,000 feet in eastern Montana. Now more or
less consolidated, these sediments comprise the Tertiary system which
is subdivided into the Paleocene, Eocene, Oligocene, Miocene, and
Pliocene epochs. At no one place in Montana, however, was deposi-
tion continuous. Except for a few formational units of early Paleo-
cene age which have been inserted to mark the top of the Mesozoic,
the Tertiary system has been omitted from the correlation chart (fig.
8) for thus far no indigenous oil or gas has been found in rocks of that
age iIn Montana.

Rocks of Paleocene age are distributed widely over the eastern
Montana Plains (fig. 3) where they comprise the Fort Union forma-
tion which, in ascending order, consists of the Tullock, Lebo, and
Tongue River members. The Wasatch formation of Hocene age con-
sists of soft, variegated mudstone with minor beds of stream con-
olomerate, but has been almost completely stripped off by erosion.
Itk former extent, however, is indicated by remnants preserved in
small down-faulted blocks in the vicinity of the Bearpaw Mountains.
These remnants have been of immense assistance in the geologic
dating of the voleanic rocks of that detached uplift.

Rocks of Oligocene and Miocene age are rare on the Eastern Plains,
oceurring only as small, thin outliers on the highest major stream
divides, or as caps on isclated buttes. On the other hand, in western
Montana thick sections of Oligocene and Miocene rocks, commonly
referred to as.‘“lakebeds,” are well preserved in the fill of the inter-
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montane valleys. Each is more or less a distinct unit, depending upon
local environment. The valley sediments of western Montana,
therefore, are highly variable sequences that involve mudstone, silt-
stone, and claystone, much of which may be tuffaceous, yet also con-
tain thin interbeds of bentonite or crystal tuff, and more rarely, layers
of diatomaceous earth. Other rock types prevalent are units of fissile
bituminous shale, thin seams of impure coal, thick accumulations of
stream conglomerate, and fine- to coarse-textured fanglomerate.
Rocks of Paleocene age seem to be absent, and beds of proved Eocene
age are uncommon. The youngest Tertiary formation on - the
Fastern Plains is the Flaxville formation, which probably is of
WHocene or Pliccene age, but which may range from late Mioccene into
earliost Pleistocene. Most of the deposits are remnants of thin sheets
of quartzite stream gravel derived from the Belt series that rest on
high-level erosion surfaces or pediments. In the vicinity of the
mountain ranges on the Plains, however, the Flaxville formation
consists largely of local material from the uplift.

QUATERNARY SYSTEM

Pleistocene series.—At least twice during the Pleistocene epoch,
which is considered to have had a duration of about 1 million years,
the northern part of the Missouri Plateau (Fenneman, 1931, pl. I,
province 13a) has been the terminal area of continental ice sheets.
Earlier ice sheets may also have extended into extreme northeastern
Montana. Western Montana likewise has undergone extensive gla-
ciation both from continentar and from Alpine glaciers. Glacial
deposits abound where the country formerly was covered by ice, and
they vary in origin from simple boulder-clay or till in the ground
moraine, which is most prevalent, through terminal moraines, kames,
and eskers formed by melt water at ice contacts, to fluvioglacial
outwash aprons and glacial lakebed clay and silt., The spectacular
alpine scenery of western Montana is the result of glaciation, and the
stream pattern, waterpower potential, and suitability of the land for
agriculture—all have been profoundly affected by glacial activity.

RECENT SERIES

Allupiuwm.—Allavium consists of mud, sand, silt, gravel, reworked
soil, or other detrital deposition by running water during Recent
geologic time. Ixtensive accumulations make the flood plains along
streams, where further concentration and sorting have formed low-
level deposits of gravel and sand.

STRUCTURE

Geologic structures in Montana can be considered in the same
threefold areal subdivisions as were topography and stratigraphy.

In eastern Montana structures, like topography, are subdued.
Layered rocks in the plains area are flat-lying or dip gently as a result
of broad, gentle flexures that form simple structures of large size.
Major features, such as the Williston Basin and the Cedar Creek
anticline (fig. 5) have a total structural relief of only a few hundred
feet, yet extend for many tens of miles across the countryside. Many
such structures are so broad and gentle that they can only be recog-
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nized by careful geologic mapping over large areas. Faults are few,
and most are of relatively minor displacement. For hundreds of
millions of years, no violent structural deformations occurred in the
Montana Plains.

Central Montana has structures that are closely correlative with its
topography. The area is predominantly one of gently dipping rocks,
which underlie the plains. In a number of places, however, the rocks
are domed steeply over isolated mountain ranges of considerable size.
Topographic and structural relief in these ranges are both measured in
thousands of feet. Some of the ranges, as the Big Snowy Range,
formed by vertical uplift alone, and are surrounded by steeply tilted,
but otherwise comparatively undeformed rocks. Klsewhere, as in
the Bearpaw and Pryor Mountains, faulting has complicated the
structural picture. Some of the ranges were domed by igneous
activity: the Little Rocky and Crazy Mountains are examples of
mountains with laccolithic cores. In those, a variety of complex
structures exist, in response to both overall folding and local disruption
of the preexisting rocks by the intrusives. Faults are more numerous
and of greater displacement in the plains of central Montana than
they are farther east; they, like the folds, represent a transition zone
between the east and west.

The Disturbed Belt marks the eastern edge of the complex and
intensely deformed western third of the State. The belt itself is a
complicated system of thrust faults, in places with compound thrust
plates piled on top of one another. Elsewhere, as on the Lewis over-
thrust at the east edge of Glacier National Park, it is a single thrust
sheet with at least 40 miles of horizontal displacement (Ross, 1959,
p. 102). West of the Disturbed Belt are a system of linear mountain
ranges and large intervening structural bagins that show a great
variety of structural features. Folds range from broad and open to
steep, overturned, and to complex multiple systems formed through
successive periods of movement in different directions. They range
in size from great arches many miles across to intricate contortions
on a microscopic scale. Faults are equally abundant and varied.
Thrusts, normal faults, reverse faults, and strike-slip faults are known,
and like the folds, they show a wide range in size and displacement.
Some of the range front faults in southwestern Montana show evidence
of comparatively recent movement, and the 1959 earthquake in Mad-
ison Valley indicates continued structural activity in at least part of
the area through the present.

Unlike individual structures in central and eastern Montana, some
of the structures in western Montana are segments of features that
are continental or subcontinental in scope. The Disturbed Belt is a
part of a structural system that marks the front of the Rocky Moun-
tains for hundreds of miles north into Canada. The Lewis and Clark
overthrust line cuts across parts of three States, and has been traced
west into eastern Washington. One segment of the line is represented
by the Osburn Fault, which in western Montana has a horizontal
displacement of at least 12 miles (Wallace and others, 1960).

Igneous activity has had a marked effect on the structures of the
area. Intrusives range in size from the Idaho batholith, one of the
largest in North America, to small dikes, sills, plugs, and related
intrusive bodies, some only a few inches in length. Associated
structures are equally varied. They include profound deformation of
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surrounding rocks in places, and in some instances large masses of
igneous rocks appear to have acted as buttresses that resisted deforma-
tion caused by later rock movements.

The nature of the structures of Montana, their variety and dis-
tribution, have an important bearing on the fuel and mineral resources
of the State. Complex structures in areas that also contain igneous
rocks are a favorable environment for mineralization, particularly
for metallic minerals. Areas containing thick deposits of Paleozoic
and Mesozoic sedimentary rocks that have been gently folded and
domed are favorable for the discovery of oil and gas. Thus structure,
like stratigraphy, must be understood in order to properly understand
the distribution of natural resources in Montana.

Ecoxomic Grorogy

The three parts into which Montana can be divided differ markedly
in the mineral resources which are found therein. These differences
are directly related to differences in the geology and structure of the
underlying rocks which have been discussed in the preceding pages.

The metalliferous ore deposits of the State—and especially those
of gold, silver, copper, lead, zinc, and tungsten—in most cases are
closely associated with igneous intrusive rocks of intermediate to
acidic composition, particularly those that were intruded in late
Mesozoic or early Tertiary time. The ore deposits are found beth in
the intrusive and the invaded rocks, and most are related to fractures
or other types of deformation. The host rocks may be of any age
from Precambrian to Tertiary and may be of either sedimentary,
igneous, or metamorphic origin. The sedimentary or volcanic rocks
that were formed after the intrusive rocks were emplaced and that in
places cover them contain few workable deposits)

Intrusive granitic bodies of late Cretaceous-early Tertiary age such
as the Idaho batholith, the Boulder batholith, and the Tobacco Root
batholith are prevalent in the mountainous western third of the State
(fig. 4). The concentration of metalliferous ore deposits in western
Montana in and around these bodies and smaller satellite stocks is
very striking (see maps in chapters on “Gold’”; “Silver, Zinc, and
Lead”; and “Tungsten”) and accounts for the great mineral produc-
tivity of this part of the State.

In southwestern Montana deposits of tale, corundum, iron ore,
graphite, sillimanite, and kyanite are found in Precambrian rocks of
the Cherry Creek Group, and large deposits of chromite are found in
the Precambrian Stillwater Complex in Stillwater and Sweet Grass
Counties. In the western third of Montana sedimentary rocks of
Paleozoic and Mesozoic age are actual or potential sources of phosphate
rock, limestone, silica, crushed and dimension stone, clays, and other
industrial minerals. Some bentonite has been mined from highly
altered beds of volcanic ash in Tertiary sediments in intermontane
IS)a,sins. Oil and gas have not been found to date in this part of the

tate.

In central Montana metalliferous ore deposits have been mined in
the Little Rocky Mountains, the North Moccasin Mountains, the
Judith Mountains, the Little Belt Mountains, and other isolated
ranges. As in western Montana, the deposits almost invariably are
closely associated with granitic intrusive rocks of late Cretaceous or
early Tertiary age.
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Central Montana, however, is better known for the production of
petroleum and natural gas. Such structures as the Cat Creek anti-
cline, the Kevin-Sunburst dome, the Sweet Grass arch, and many
others have been highly productive. In central Montana, Mesozoic
sandstones are important reservoir rocks for the accumulation of
pewoleum and natural gas. Some Paleozoic formations have also
been productive. Some Cretaceous sandstone, for example the third
Cat Creek sand at the base of the Kootenai formation, the Virgelle
sandstone member of the Eagle sandstone, and the Fox Hill sandstone,
are valuable ground water aquifers—an important asset in a semiarid
region. The Kootenai formation also in places provides clay suitable
for brick and tile. Coal deposits underlie much of central Montana,
most of the coal in the area being either in beds of Jurassic or late
Cretaceous age.

No metalliferous ore deposits are present in the eastern third of the
State, but this area contains over 90 percent of Montana’s extensive
coal reserves. The coal is in the Fort Union formation of Paleocene
age and is especially widespread in the uppermost or Tongue River
member. The eastern region also produces petroleum, principally
from the west end of the highly productive Williston Basin and from
the Cedar Creek anticline. In this area most of the petroleum produc-
tion is from Paleozoic rocks, although some gas is derived from Cre-
taceous formations. Bentonite is mined from beds of Cretaceous age
in Carter County.

In summary, in western Montana igneous, sedimentary, and
metamorphic rocks are present, and geologic structures are complex.
The region is dominantly a metalliferous province but has large
resources of many nonmetallic minerals. In central Montana, igneous
and metamorphic rocks are much less abundant. Geologie structures
are simple to complex. The resources of the area are chiefly petro-
leum, natural gas, coal, and some metals. The variety of nonmetallic
resources is less than in western Montana. Fastern Montana is a
sedimentary terrane. Geologic structures are simple and subdued.
Mineral resources are chiefly petroleum, coal, and natural gas. Non-
metallic resources are chiefly clay, bentonite, and sand and gravel.

The above is a highly generalized and very incomplete description
of Montana’s resources of minerals and fuels, but it shows how
different these resources are from one part of the State to another
and how closely they are related to the geology and structure of the
underlying rocks. A more detailed summary of the resources on a
commodity-by-commodity basis is presented in the ensuing chapters.
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MINERAL FUEL RESOURCES

INTRODUCTION
(By C. E. Erdmann, U.S. Geological Survey, Great Falls, Mont.)

Mineral fuels consist of petroleum, natural gas, oil shale, and coal,
and will be considered briefly in that order in this chapter. In recent
years, mineral fuels, taken as a group, have accounted for over 40
percent of the value of all minerals produced in Montana, So that
this may appear in proper perspective, the money value of the basic
components of the raw-material economy of the State for 1961 are
outlined below:

Agriculture:
O OPS C  eee $185, 281, 000
Livestock (ranehing) .. ... 222, 065, 000
Government payments_ . oo 15, 640, 000
Total - _ e 422, 986, 000
Minerals:
Petroleum . - - - - e 74, 795, 000
Natural gas_ - - i 2, 509, 000
Coal - o el 1, 207, 000
Total - e 78, 511, 000
All other minerals_ _ _ . iiiaiaa 104, 843, 000
Total minerals._ . oo 183, 354, 000
Lumber:
Unfinished Jogs - .. 37, 000, 000
SEUMPAZE - — e 7, 000, 000
Total - o o el 44, 000, 000
Grand total value of raw materials_______ .. _.______ 650, 340, 000

Nore.—Information on agriculture has been supplied by the Bureau of Business and Economic Research,
Montana State University, Missoula; mineral data is from ‘“The Mineral Industry of Montana for 1960,”
U.S. Bureau of Mines; and information on lumber is from the U.S8. Forest Service through the Montana
State Planning Board, Helena,

All minerals, therefore, make about 28 percent of the total value of
the raw materials, and mineral fuels alone about 12 percent.

Further analysis of the mineral contribution reveals that petroleum
supplies about 40.8 percent of the total value of the mineral products;
natural gas, 1.4 percent; and coal 0.7 percent for a total of about 42.8
percent of the State’s mineral income. Restated in terms of energy
consumption, excluding water power, during 1957 petroleum con-
tributed 59.2 percent; natural gas, 35.7 percent; and coal, 5.1 percent
(Independent Petroleum Association of America, 1959, p. 88).

23
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OUTLINE HISTORY OF OIL AND GAS DEVELOPMENT
(By Charles E. Erdmann, U.8. Geological Survey, Great Falls, Mont.)
INTRODUCTION

The classical pattern of petroleum exploration in virgin territory is
for the first tests to be made in the vicinity of natural surface indica-
tions of oil and gas, if any have been found. Unusual combinations
of geologic conditions are required for the development of these sur-
face features, and their occurrence is transient and infrequent. Their
value, however, is that they provide tangible evidence of the local
presence of hydrocarbons, thereby raising hopes that commercial ac-
cumulations may be found underground. The analogy with surface
discovery of inorganic minerals is obvious: both require bold and enter-
prising spirits if the usually costly and difficult adventure of develop-
ment is to be undertaken. Because they are few in number, they are
soon exploited, and this first stage of exploration is of short duration;
but the often amateurish effort frequently clothes it with many color-
ful and dramatic incidents. If no significant discoveries result, and
they seldom do, drilling on easily recognized geologic features such as
anticlines and domes may follow with more or less delay. If drilling
depths are shallow, as they are in some of the older fields in Montana,
this second stage may mark the heyday of the small independent
operator.

By the time the obvious surface structures have been recognized
and evaluated, a more mature third stage has appeared In which
search for subsurface structures and porous beds and stratigraphic
traps is carried on by the sophisticated techniques of geophysical
prospecting and study of formation samples or subsurface stratigraphy.
Other later stages may involve deeper drilling, secondary recovery
techniques and, finally, abandonment. - Initially, each stage may
appear in order. No firm line between them exists, however, for if the
petroleum industry is to prosper, new discoveries must succeed
abandonments. - Review of the history of oil and gas development in
Montana indicates close adherence to this pattern, which will be the
outline for this chapter.

EXPLORATIONS ON SURFACE INDIcATIONS, 1889-1910

The exact number of oil and gas seepages in Montana is not known
with certainty, but probably there are not more than 15 or 20, and
some of them have become inactive since they were discovered. Sev-
eral of them have been known for many years, and were responsible
for the pioneer oil excitement. The first of record was noticed August
10, 1864, by members of an immigrant train crossing the northeast
flank of the Pryor Mountains on the Bozeman Trail, as a scum of
heavy oil on a stagnant pool of water. In this instance the immediate
practical application was for axle grease for the wagons. No drilling
development followed, and even the report was not made for many
years. [Furthermore, no rediscovery seems to have been reported.
The exact location, therefore, is not known, other than it was north-
west of Beauvais Creelk toward the Bast Fork of Pryor Creek Divide.
A likely possibility, however, is that it was on some intermittent upper
tributary of Woody Creek in T. 4 S, R. 28 E., Big Horn County, near
where that drainage was crossed by the Bozeman Trail.
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Roscoe seep.—The first oil seep to be drilled in Montana was the
occurrence of heavy black oil or asphalt near the southeast corner
NEYSEY sec. 32, T. 6 S., R. 18 E., Carbon County, about 5% miles
south of the old Roscoe post office. Date of discovery and name of
the original locator are not known. In the late 1880’s, however, the
area was acquired by Thomas Cruse, who had found the famous
Drumlummon lode near Marysville in 1876. The location of the first
test, Thomas Cruse well No. 1, was about 650 feet northwest of the
seep, and was completed and abandoned in 1889 as a dry hole in the
Judith River formation at a total depth of 1,100 feet. - Insofar as
known, this was the first organized attempt to discover oil by drilling
in Montana. Undeterred by failure, Cruse continued operations in
the vicinity of the seep during 1890 and drilled eight more dry holes
that ranged in depth from 600 to 800 feet before giving up; and even
then he retained ownership of the tract. Others continued to be
intrigued by the possibilities, and additional tests were made in 1909,
1931, and even as late as 1947, but without success.

Kintla Lake area—Impressive amounts of pale-yellow, high-gravity
(44° A.P.L) oil issue from surficial deposits at the Sage Creek seeps in
southeastern British Columbia, about 8 miles north of the international
boundary at the northwest corner of Glacier National Park. The
controlling structural feature appears to be a normal fault of great
magnitude that can be projected into Montana where it is called the
Roosevelt Fault. In 1892 active seepages of oil and gas were discov-
ered in Montana near the northeast end of Lower Kintla Lake, not
far east of where the lake crosses the trace of the fault. An organiza-
tion called the Butte Oil Co. posted a location notice on August 10,
1900. Drilling began late in” October 1901, the well location being
NWYNWENWY sec. 18, T. 37 N., R. 20 W, Flathead County. Late
in 1902 work was suspended temporarily, with the hole at a depth of

1,450 feet in very hard “black limestone and iron,” probably one of
the units of the Belt Series. A significant incident was the discovery
of gas at a depth of 720 feet, which is said to have burned with a 4-foot
flame. As will appear later, however, this was not the first discovery
of gas in Montana by drilling. ‘ :

In late June 1902 the Kintla Lake Oil Co. of Kalispell commenced
operations at their No..1 well, approximately in the center of NE}
sec. 12, T. 36 N., R. 22 W.; and in 1903 a second test is said to have
been located toward the center of the section. Both are situated on
Tertiary “lake beds’” on the left bank of the North Fork of Flathead
River. The No. 1 well was drilled to 1,290 feet at least, and the
No. 2 to about 1,000 feet. Traces of oil and gas were reported from
each, but both were abandoned as dry holes. The circumstances
that led to these tests are not known, but they may have been drilled
on seeps in the “lake beds’” that emerged along faults cutting deep-
seated Mesozoic formations.

Another old venture, for which there is good authority but no log
or operational information, is the Southwest Kootenai Land Oil Co.
test on Kintla Creek about 3 miles above Upper Kintla Lake. This
locality is approximately in the north center of sec. 8, T. 37 N., R. 19
W., Flathead County, in a deep glaciated valley about 1.5 miles west
of the Continental Divide. Drilling is reported to have commenced
March 8, 1906, and continued to a depth of at least 600 feet. The
bedrock formation at the surface is the Siyeh limestone of the Belt
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series, which is not known to contain indigenous hydrocarbons. In
all probability, therefore, the location was made on the basis of seeps
or irridescent films of oil whose origin is more or less identical with
those on Cameron Brook at Oil City, Alberta, a short distance north-
east across the divide, where petroleum exploration had been going on
since 1901,

Swiftcurrent Creek.—Sustained efforts to develop oil by drilling on
or near obscure surface indications of petroleum and natural gas in
Swiftcurrent Creek Valley throughout the 9-year period before the
district became incorporated into Glacier National Park in 1910
resulted in seven tests that give it the nominal distinction of being the
first oil and gas field in Montana and the only locality in the State
where drilling on seepages proved successful. Credit for the recogni-
tion of these showings appears to be divided between two men: Frank
M. Stevenson identified certain exposures of Upper Cretaceous marine
shale as ‘““oil shale” in the summer of 1901; and Samuel D. Somes,
prospecting near where Sherburne Dam is located, observed small
pools of oil in irregularities on freshly broken shale and limestone on
the floor of his adit in late February or early March 1902.

Within a short time, 52 oil claims were located under the placer
mining law. Companies were organized and consolidated as claims
were exchanged for shares, the ultimate operator being the Swift
Current Oil, Land & Power Co. The first derrick was erected in
November 1902, approximately at the center of SWKNEY sec. 4,
T. 36 N., R. 15 W., unsurveyed, on the Lakeside placer claim which
had been located by Stevenson. Drilling began in 1903, when the
hole was taken to a depth of 430 feet, with a showing of oil; but was
abandoned because of mability to shut off water. The rig was then
skidded 30 feet west, and work begun on location 1-A, which was
completed as an oil well at a total depth of about 550 feet during the
summer of 1905. Oil from this well was displayed at the State fair
at Helena in the fall of 1905, where the company was awarded a
diploma for “the first producing oil well in the State of Montana.”
Operations were terminated through lack of finances in 1907, and the
properties turned over to Stevenson. In the meantime, however, one
other oil well, with an initial capacity of about 20 barrels per day, by
bailing, and 2 dry holes had been completed.

M. D. Cassidy, locator of a neighboring claim to the east, became
aroused by this activity and organized the Cassidy-Swiftcurrent Oil
Co:, date of incorporation being July 15, 1905. Approximate loca-
tion of the first test by this company, which may have been near a
gas seep recognized by Cassidy, was in the extreme northeast corner
of NWHNWYLNEY sec. 3, T. 35 N., R. 15 W., unsurveyed, near the
center of St. Louis Placer No. 1. Drilling began in 1907, and con-
tinued at intervals into 1909 to a total depth of about 2,800 feet, where
the tools were lost. Natural gas was reported from depths of 430,
1,900, and 2,800 feet, the initial shut-in pressure being about 250 p.s.i.
No measurement of volume seems to have been taken, but, upon being
ignited, the gas flow from a 1-inch pipe is said to have burned to a
height between 15 and 20 feet. Cassidy piped the gas into his house,
where it was used for heating and lighting until 1914 when the flow
ceased, due to caving in the hole. The Cassidy-Swiftcurrent well
No. 1, therefore, has the distinction of being the first producing gas
well in Montana, even though it had only one customer.
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Boulder Creek.—Following Somes’ discovery of oil in his adit on
Swiftcurrent Creek in 1902, other prospects in the dark Upper Cre-
taceous shale (Marias River formation) were examined for traces of
oil. Favorable indications were reported in an abandoned working
on Boulder Creek, probably somewhere near the center NWY sec. 27,
T. 35 N., R. 15 W., unsurveyed, Glacier (formerly Teton) County.
Recognition of this seep may have contributed to the organization of
the Swift Current-Boulder Oil Co., which soon acquired substantial
acreage south of Swiftcurrent Creek. Drilling commenced in July
1904, the approximate site being south of the center SE4SEY, sec. 11,
T. 35 N., R. 15 W, on the left bank of Boulder Creek. A show of gas
was reported in shale at a depth of about 1,750 feet, and a show of oil
“of a superior quality”” was found in the top of a sandstons at a depth
of 2,010 feet on July 8, 1905. Operations were abandoned at this
depth in the spring of 1906.

No seepage has been reported from this locality, and the reasoning
that led to its selection is unknown. ' It may be surmised, however,
that observation of oil seeping from freshly broken shale in various
prospects, which had been driven in search of copper, originated the
conjecture that any- shale section might yield oil in commercial
amounts, particularly in the subsurface. This, of course, i3 not
generally true. 'The shale seeps are restricted to certain compara-
tively thin units of bituminous rock (as in the Cone calcarsous member
of the Marias River shale) that have been subjected to severe dy-
namiec stress through being overridden by the plate of the Lewis
overthrust fault, or related diastrophism in the Disturbed Belt. The
associated pressure and frictional heat resulted i local destructive
distillation to produce small quantities of liquid petroleum. Never-
theless, faith in the idea seems to have been responsible for several
other test wells along the mountain front, whose locations are other-
wise difficult to account for. Among them are those at Lubec, Mid-
vale, Two Medicine Valley, St. Mary Valley, and Belly River Valley,
all of which were dry holes.

This persistent run of failure naturally resulted in loss of interest,
and by the close of 1907 such random drilling had come to an end.
The Congress passed the act establishing Glacier National Park on
May 11, 1910, thereby precluding new ventures. In the meantime,
the Lakeside and New Hra placer claims in the Swiftcurrent District
had been patented, and the patent for the S¢. Louis No. 1 was pending
but held in abeyance as Sherburne Lake project of the Bureau of
Reclamation approached realization. More or less ineffectual efforts
to recondition the two small oil wells and the gas well persisted for
several yvears, but terminated in the summer of 1919 when the loca-
tions were flooded by water rising behind the Sherburne Lake Dam.

No other drilling on surface indications has been recorded in
Montana.

ExPLORATION OoF SURFACE STRUCTURES, 1800-1950

Many anticlines and domes are expressed in rocks at the surface on
the Montana Plains. The precise number is unknown, but more than
475 areas, fields, and structures have been named. Approximately
185 fields and structures have been named on the latest edition of the
Qe

tructure Contour Map of the Montana Plains” (U.S. Geological
94765—63——3
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Survey, 1955) ; but only about 100 areas have been proved to contain
oil or gas in commercial quantities, and not all are anticlines. The
producing fields are shown on figure 7,' and their names are keyed by
number to the list in table 1. This chart, it should be noted, is not a
complete list of Montana oilfields, nor does it include the major gas
fields. Scme repetition of names results from listing more than one
pool or producing formation on the same feature, as at Cat Creek.
Actually, about 20 fields produce from more than 1 formation.
On the other hand, Cedar Creek anticline is not named, although 11 of
the 20 pools or fields on that anticline are listed. If fields that produce
both gas and oil from different formations were listed the number
would be increased by 15, or from 89 to 104.

The surface structures exhibit wide variation in size, shape, and
amount of structural relief. Bowdoin dome in Phillips and Valley
Counties, and Kevin-Sunburst dome in northern Toole County oceupy
hundreds of square miles, and are so broad and have such compara-
tively low relief that the domical structures cannot be visualized on
the ground. The Cedar Creek anticline in the southeastern part of the
State is more than 100 miles in length, but the narrow Pierre shale
inlier along the crest is only a few miles in width. Flat Coulee dome
north of the Sweetgrass Halls, on the other hand, is contained within
a single square mile. Elk Basin anticline, which straddles the Mon-
tana-Wyoming boundary, or Milk River anticline in the Disturbed
Belt on the Blackfeet Indian Reservation, are nearly perfect folds in
which both flanks can be observed from a single viewpeint.

Not too many years had elapsed since the pronouncement of the
anticlinal theory of oil and gas accumulation and, in the absence of
an oil seep, a sharp or closely folded anticline seemed the next best
feature on which to drill. Recognition of a completely exposed fold
in rock requires so little imagination or interpretative skill that when
they were observed they were reported, often by sheepherders, and
the more evident small folds were described as ‘“‘sheepherder struc-
tures.” Insofar as known, the first test in Montansa to be located on
an anticline, presumably in accordance with the anticlinal or struc-
tural theory, was the R. O. Morse well No. 1, NE}{ sec. 4, T. 6 S,
R. 18 E., Carbon County, on the northeast flank of Roscoe dome, a
“sheepherder structure” toward the west end of the Nye-Bowler
lineament. It may be, however, that Morse had been attracted to
the area by Cruse’s exploration around the Roscoe seep o few miles
south, which was then in progress. Drilling equipment in 1890 was
very inadequate for a complete test of the structure and the operation
was abandoned as a dry hole in the upper part of the Colorado Group
at a total depth of 1,100 feet. Subsgequent drilling has proved the
structure to be dry into the upper part of the Cambrian series at a
total depth of 5,923 feet. Chance plays an important part in explora-
tion for oil and gas, and the first discovery of natural gas by drilling
on the Montana Plains came unexpectedly in 1893 a few miles south-
west of Havre at Fort Assiniboine in a water well in the upper sand-
stone unit of the Eagle sandstone. Although not of commercial
volume, the find directed attention to the possibility of gas develop-
ment out on the plains, but this did not follow for nearly 20 years.

The principal technique for the recognition and discovery of geologic
structure at the surface is systematic areal and structural mapping.

1 NoTeE.—Figure indicated appears as a folded map at the rear of this document.



STATE OF MONTANA-—SUMMARY OF PRODUCING OIL FIELDS

94765 O - 63 (Face p, 28)

ESTIMATED ORIGINAL
AVG.  AVE, AVG. ORIGINAL  PRODUCTIVE OR1GINAL RECOVERY ORIGINAL ORIGINAL TOTAL CUMULATIVE ~ REMAINING _1961 PRODUCTION RECOVERABLE
NET . PORO- CONNATE oiL AREA 0iL FACTOR PRIMARY SECONDARY  ORIGINAL  PRODUCTION  RESERVES AVG. RESERVES
LINE YEAR PRODUCT{ON APPROX,  AP.l.  VOLUME PAY  SITY WATER IN PLACE 1-1-62 IN PLACE 3 RESERVES RESERVES RESERVES 1-1-62 I=1-62 TOTAL DALY BBLS./ BBLS, LINE
NO, FIELD {OR POOL) COUNTY 01SCOVERED £ ORMATION DEPTH GRAVITY  FACTOR T, % % BBLS/ACRE ACRES 1000 BBLS,  PRIMARY SECONDARY 1000 BBLS. 1000 BBLS. 1000 BSLS. 1000 88LS. 1000 BBLS,  BBLS.  BOPD. ACRE  ACRE/FT.  NO.
1 Ash Creek Big Hoen 1952 Shannon (U. Cret.) 4500 3k 1, 1 22 35 14,855 160 2,377 26 - 618 - 618 339 279 28,163 77 3,865 276 1
H Bannatyne Teton 1927 Swift (U, Jr.) 1450 27 1. 39 15 43 4,188 5 - 209 - 209 132 77 17,948 kg 2
3 Bears Den Liberty 1924 Sunburst (L. Cret.) 2300 3 1. 20 12 35 2,241 15 336 - 336 150 186 46,411 127 3
g Belfry Carbon 1958 Fuson (L. Cret.) 98l 38 1. 20 11.25 17 1,548 10 s - 145 72 73 15,375 42 4
5 genrud Roosevelt 1961 Nisku (Dev,) 7650 43 I 22 16 30 2 LSB 17 é&; - 369 4 365 4,277 300 5
6 Big Wall Musselshel] 1548 Tyler (U, Miss.) 3000 31 T. 22 17 () 19,455 30 - 5,83 == (3
7 5;3 Watl Husselshell 1953 Amsden (L(, Pen;.) 2500 i3 N 17 16 35 3,32; 27 .- ‘3%2} - 6,869 4,069 2,800 400,075 1,098 7
8 Blackfoot Glacier 1955 #adison (Hiss. 3550 25 1, 8 i 40 2,17 20 - - 8
5 3lackfoot Glacier 1955 Cut Bank (L. Cret.) 3500 30 1. 15 is 35 1,635 25 -- 409 -- B4y 516 328 101,257 277 s
10 forder. Inole 1929 Sut Bank (L. Cret,) 2400 i} 1 22 15 0 5,641 23 - 1,297 - 1,297 1,097 200 3.315 27
11 Bowes Blaine 1949 Sawtooth (M. Jur.) 3250 19 T. 37 1.7 31 120,600 5.75 5.92 5,50 5,000 17,500 5,877 6,023 2L0, 893 )
12 Bredette-North Roosevelt, Daniels 1956 Charles (Miss.) 6720 38 N 24 6 53 2,710 20 - 542 542 475 67 11,157 31
13 Brorson Richland 1954 Mission Canyon (Miss.) gzso 32 1. 92 4 40 3,653 lg -B 3 2:? 19 085 548 376 172 25,634 70
1h Cabin Creek Fallon 1953 Siluro-Ordovician 00 33 1 50 13 30 195,90 1 2 . .
15 Cabig Creek Fallon 1356 Hission Canyon (Miss,) 7300 33 : 251 3o 29,852 18 - 5,373 -- 59,636 23,595 36,061 4,197,696 11,500
16 Cat Creek (Antelop.-Mosby) Petroleum, Garfield 1520 Kootznai ;L‘ Crct.g 1225 52 1. 10 71 vg 2,399 22 - o g;g , o
17 Cat Creek (West Dome) Petroleum, Garfield 1920 Kootenai (L. Cret, 1160 52 1. 51 21 19 56,291 30 35 . »
18 Cat Creek Petroleum, Garfield 1945 Morrison (U. Jur.) 1600 52 1 5 22 40 670 32 -- 21 -~ 25,656 19,803 5,847 239,050 65h
19 Cat Creek Petroleun, Garfield 1945 Swift (U, Jur.) 1756 52 1. 25 Ve 40 16,758 30 - 5,027 -
20 Clarks Fark=North Carbon 1956 Lakota (L. Cret,) %J 50 1. 19 19 39 3,558 35 -~ 1,245 - 1,245 991 254 22,967 63
21 Cupton Fatlon 155 Red R?ver((U. Ord.; 9800 33 [ 33 13 35 2,307 7 ;- 108 2‘2: 2% 5[—)5 161 124 37 77,670 35
22 Cut Bank Glacier, Toole 1932 Kooteaai {L. Cret, 2300 38 1. 16 15 35 571,303 19 3 . .
23 Cut Bank Glacier, Toole 195 pecizon (Hiss.) jo00 39 1 0 1 w0 7,7 7 - ik - 162,645 93,322 9,323 2,035,633 5,577
24 Deer Creek Dawson 1952 Red River (U. Ord, 9850 b2 N 2 6.7 35 15,010 - ' --
25 eer Creek Dawson 1952 intertake (5i1.) ghdio 52 1. n 7 35 8217 5.4 - 772 - 1,973 1,578 395 211,979 581
26 Delpnia Fuss'shell 1957 Fmsden (L,( Penn.) ) 6290 35 1, 12 6.5 30 521 20 - . é;llo == 32k 221 103 12,946 35
27 Ory Creek Carton 1330 Greybull (L. Cret, 5500 1.6 12 12 22 9,257 20 - ) -
28 Ory Creek Carbon * 1932 Pryor (L. Cret.} 5800 52 1. 30 12 25 17,455 26 - 3,491 - 5,342 3,937 1,405 24,049 66
29 Duyer Sherldan 1960 Mission Canyon {(Miss.) 8000 33 1 30 1.8 55 28,20 15 - 4,236 - 4,236 536 3,700 443,682 1,216
30 £k Basin Carbon 1915 Frontier (U. Cret,) 1200 45 . 30 21 20 4, 0bb - 54 e 2,184
K1l Eik Basin Carbon T9h7 Embar-Tensleep {Perm,-Penn 5600 9 T, 124 0.5 10 108,155 - 57 - 61,6&2% 107,359 35,976 71,383 2,645,611 7,248
32 Elk Basin Carbon 1946 Medison {Miss.) 5300 28 1. 224 12 9 155,474 21.5 28 33,427 10,106
33 Eik Basin-Northwest Carbon 1947 Frontier (U. Cret.) 3375 47 N 28 19 30 L6904 25 38 680 340 1,020 692 328 22,576 62
3h E1k Basin-Northwest Carbon 1947 Madison {Miss.) 6215 35 1. 124 11.6 2c 31,720 19 -~ 6,027 - 6,027 880 5,147 21,865 60
35 Fiat Coulee tiberty 1933 Swift (U, Jur,) 2900 39 1 22 22 45 1,640 15 == 246 - 256 36 210 4,568 13
36 Frannie Carbon 1928 Tensleep (Penn.} 2700 27 T. 29 19 [E 7,822 25 - 708 - 706 485 221 22,949 63
37 Gage Musselshell 1943 Amsden (L. Penn.) 6000 34 1, 18 10 58 2,172 25 - sh3 -~ 543 512 31 8,703 2k
38 Gos City Dawson 1955 Red River (U, Ord,) 8700 38 i, 25 9 35 18,599 18 - 3,348 - 3,348 1,850 1,494 442,645 1,212
39 Glendive Dawsan 1952 Stony Mtn,~Red River (U, Ord,) 8700 38 t 147 6.5 35 40,086 20 - 8,017 - 8,017 5,305 2,712 519,126 ) ,h22
ko Graben Coulee Glacier 1961 Sunburst (L, Cret.) 2775 sl ) 2 16 3% 351 15 -- 53 -- 53 - 53 - —
4y Gypsy Basin Pondera 1958 Madison {Miss.} 3150 - - -- - - 300 25 = 75 ~= 75 25 173 16,275 P
42 Hibbard Rosebud 1960 Amsden (L. Penn.) 4810 3 12 15 35 346 30 - 1ol - 104 83 21 35,970 99
43 {vanhoe Pusselshell 1960 Amsden {L, Penn.) 3600 32 9 17 40 725 35 -- ash - 254 ;
bl tvanhoe Musseishell 1953 ison (U, Jur.) 2300 30 10 15 3 560 18 - 100 - 100 2,051 1,365 470,333 1,288 1,250 125 P
4 Lvanhoe HMusselshell 1956 Tyler (U, Miss,) 4050 33 29 15 2n 12,248 25 R 3,062 ks 3,062 6,249 215 45
b Keg Coulee Husselshell 1960 Tyler (U. Miss.) G550 32 30 15 25 37,225 20 == L,245 b %, 255 932 3,313 €58,882 1,914 5,616 15k 6
47 Kevin-Sunburst Toole 1922 Madison (Miss,} 1500 32 6.5 20 35 243,361 30 -~ 73,008 - 73,008 66,189 6,819 666,303 1,825 1,816 28 47
48 taurel Ye!lowstone 1951 Dakota {L. Cret.) 850 ok 8 10 30 40 15 - .6 - 3 - 6 - .- 592 74 48
49 Little Beaver Fallon 1952 Red River fU. Ord.)} 2300 29 37 iz 35 42,843 15 - 6,426 - ©,426 1,774 k4,652 LL7,645 1,226 2,895 78 49
50 Little Beaver-East Falton 1954 Red River (U. Ord.} 8300 38 0 12,5 35 15,537 ts -- 2,485 bt 2,485 868 1,617 336,410 922 2,436 B4 50
53 Lookout Butte Fallen IE) Siture-Ordovician B509 33 L5 1T 50 3,358 75 50k - 504 - 5ok - e 3,150 70 51
52 Hel's tone Husselshell lShg Tyler (U. riiss.) g&: i 25 i 30 5,380 25 '3%[9; - 1,29 1,241 50 45,631 125 3,586 143 52
53 Honarch Fallon 13 Silure=Ordovician 00 32 3t 7 35 22,279 15 3 - 1,492 48 53
5§ Monarch Fallen 1361 Mission Canyon (Miss.) 6710 3 17 i9 60 1,478 15 - 222 -- 3,564 884 2,680 372,047 1,020 11387 8 B
_52 Mosser Yellowstone 1332 Gakota (1. Cret.) lggoo 22 154 2%,6 30 1,876 128 - 35%? i 338 163 175 5,046 4 3,521 229 gg_
54 Outlook Sheridan 95 €iTuro-Devonian 00 38 2] 30 RT3 5 = ; = 7555 v
57 Outiocok Sheridan 1957 Red River (U. Ord.) 9900 33 32 8 is 790 20 - 158 - 3,57 2,542 1,029 589,295 1,614 1,975 26 27
58 Penac| Fallon 1955 Siluro-Ordovician 8800 33 40 n 35 90,702 10 - 9,070 - . 1,956 iy 8
59 Pennel Failon 1357 Mission Canyon (Miss.) 7000 31 38 3.0 30 k,592 15 - 688 - 10,443 3,688 6,755 871,688 2,388 963 25 59
50 Pennel Fallon 1960 Lodgepole (Miss,) 7500 6 30 35 3,426 20 i 685 = 2,141 71 60
61 Pine Dawson, Wibaux, Fallon, Prairie 1952 Siluro-Ordovician 8400 34 32 1.5 30 248,792 20 76 59,758 14,800 B,558 31,483 33,095 5,212,760 15,280 515 07 ot
62 Pondera Pondera, Teton 1927 Madison (Miss.) 2100 34 15 16 B3] 59,525 35 - 20,834 - 20,834 15,597 5.237 4,425 1,355 3947 250 62
63 Pondera Coulee Teton 1961 Madison (Miss.) 2000 34 15 15 307 20 - 89 - 89 3 8 3,043 8 2,220 148 63
6is Poplar Roosevelt 1952 Charles-Mission Canyon (Miss.) 5550 4o 25 1 30 243,133 30 - 72,550 - 72,940 29,570 43,370 2,365.321 6,480 4073 163 &k
65 Poplar-Northwest Rogsevelt 1952 Charles=Mission Canyon {Miss,) 6260 by 16 10,3 45 2,557 15 fod 384 - 38l 262 122 21,316 58 960 60 65
66 Ragged Point Husselshell Tk Kibbey (U. Miss.} 4500 33 78 T Lo T, 801 27 - 557 - 3 3,550 728 43
67 Ragged Point musselshel | 1956 Tyler (U, Miss,) 3580 32 1 1k 35 3,537 30 -- 1,061 -- 1,55 1104 u54 138,134 378 2,785 199 67
68 Reagan Glacier 1947 Madison (Miss.) 3700 38 1 12 30 19,877 30 33 5,963 600 6,563 2,745 3,818 152,764 Wg 1,950 178 68
69 Red Creek Glacier 1958 Cut Bank (L. Cret.) 2600 33 20 19.2 25 16,041 25 e 4,010 - 4,780 242 69
70 Red Creek Glacier . 1958 Hadison (Hiss.) 2750 28 18 13 30 10,628 18 -- 1,913 - 5,923 873 5,050 333,636 94 2.080 1 70
71 Reds tone Sheridan 1958 Winnipegosis (bev.) 9500 33 0 7 is 217 70 == 53 == 53 75 35 13,565 I (9] il
72 Repeat Carter 1956 Red River (U, 0rd.) 8610 23 25 10 30 2,122 16 - 340 -- 340 196 thh 26,472 73 4,250 85 72
73 Richey Dawson, McCone 1951 Charles (Miss,) 7000 39 25 8 30 8,486 23 b V,952 - 1,952 1,580 372 126,654 347 2,080 83 73
74 Richey-Southwest HeCone 1952 Interlake (Sil.) 3200 48 21 9 35 2,087 35 - 730 - 955 656 2,435 116 7h
15 Richey-Southwest McCane 1952 Dawson Bay (Dev.} 9130 48 6 3 0 642 35 - 225 - 5 299 57,175 157 750 125 75
76 Sand Creek Dawson 1959 Tnteriake (5i1.} 8950 39 20 10 40 5,865 20 - 97 - & Th32 72 76
77 Sand Creek Dawson 1959 Red River (u. Ord.) 9400 39 15 10 4o 1,289 15 - 193 - 1,167 667 500 178,501 490 fol o4 77
78 Seven Mile Dawson 1961 Situro-Ordovician 9632 42 30 12 40 2,141 15 321 - 321 16 305 15,816 225 2,006 67 78
79 Sidney Richland 1958 Mission Ca(nyon )(Hiss.) Eouo ;z 30 4 40 1.19‘!. 20 ﬁ? had 238 gl 177 22,144 61 b 25 79
80 Snyder. 8ig Horn 1952 Tensleep (Penn 550 1 12 20 35 1,55 20 o 3l 285 26 19,139 52 2,085 124
8 Soap Creek 8ig Horn 1920 Teas)eep-Amsden-Hadison 1900 20 20 15 35 5,960 22 - 1,307 - 1,307 1,071 736 67,198 185 3,185 159 %'
82 Stensvad Musselshell, Rosebud 1958 Tyler ?u‘ Hiss.; 3500 33 26,25 14 20 g6.900 %S bl 2?[7;2 i 6,725 4,596 2,129 1,549,353 4,245 4,860 185 82
83 Sumatra Rosebud 1949 Tyler (U, Miss, 500 32 30 18.5 35 9,737 5 - B had 6,030 201 83
8 Sumatea Rosebud 1955 Amsden (L. Pean.} 4000 29 g 20 35 1,467 25 -- 367 - 22,801 13,800 9,001 2,462,839 6,748 Va3 229 g
_gz Tule Creek Roosevel t 1960 Niska (Dev.} 7700 46 25 15 30 16,286 25 - 4,072 - 4,072 512 3,560 480,298 1,315 3,635 145 85
Whitlash Ciberty Te27 L. Cret.) 1400 38 i5 16 20 T4, B3 5 - 2,234 - Z,23% 1,288 988 52,059 750 1,980 732 %
87 Wills Creek Fallon 1957 Siluro~Ordovician 8500 32 70 2 25 39,100 20 - 7,820 - 7,820 1,407 6,413 403,763 1,106 8,150 1é &
88 Wolf Springs Yellowstone 1955 Amsden (L. Penn.) 6200 30 10.5 5,75 23 4,531 22 - 3,197 s 3,197 2,797 400 304,933 835 738 70 88
89 Woodrow Dawson 1952 Charles (Miss.) 7800 32 19 17.3 35 11,433 160 1,829 10 - 183 - 183 16 22 21,331 58 1,143 60 83
. 2,852,787 589,043 143,172 728,215 394,141 334,074 0,901,304 84,660

Courtesy of Montana Oil and Gas Conservation
Commission, An. Rev., Vol. 6, 1961,

TaBLE |.—State of Montana—Summary of producing oil fields.
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More than 20 oil and gas fields have been found directly by this
method, which is still very useful even though most of the conspicuous
surface structures have been found. Many of the features that
localized these pools were found and first described by the U.S. Geo-
logical Survey as its program of mineral classification developed
following the withdrawal of the public lands for that purpose in 19086,
notably the Cedar Creek anticline, Poplar dome, and the Sweetgrass
arch.

The structures found by surface methods on which oil and gas have
been discovered are listed here in order of that discovery, the year in
parentheses following the name of the field; usually, however, the
presence of structure had been known for some time: Gas City dome,
Cedar Creek anticline (1913); Havre gas field (1914), abandoned;
Elk Bagin (1915) ; Boxelder gas field (1916); Bowdoin gas field (1917);
Devils Basin (1919); Cat Creek (1920); Soap Creek (1921); Kevin-
Sunburst (1922); Sherard (Birch Creek) gas field, 1923, shut in;
Bears Den (1924); Lake Basin (1924) ; Bowes gas field (1926) ; Banna-
tyne (1927); Flat Coulee (1928); Frannie (1928); Dry Creek (1929);
Mosser (1937); Gage (1943); Kicking Horse gas field (1943), aban-
doned; Plevna (1946); Ragged Point (1948); Golden dome (1953);
Ivanhoe (1953).

Several of these discoveries proved the presence of commercial
volumes of oil and gas, hitherto something that had been lacking,
over wide areas on the plains; and the impact of others, especially in
rocks of Paleozoic age, did much to sustain the hope when interest
was low that many more were to come.

The first commercial flow of natural gas in eastern Montana was
found in Gas City dome at the north end of the Cedar Creek anticline
in 1913. Drilling was initiated by the Mid-West Oil Co., in November
1912, at their No. 1 well, WANEY%NEY sec. 20, T. 14 N, R. 55 E.,
Dawson County; but with change of ownership the hole was completed
by the Eastern Montana Oil & Gas Co., which developed the field.
Drilling continued to a total depth of 2,710 feet, which was reached in
April 1914. In the meantime a flow of 500,000 cubic feet of gas per
day with a shut-in pressure of 220 pounds per square inch, and some
water had been found between depths of 730 and 745 feet in a sand
assigned arbitrarily to the Judith River formation of late Cretaceous
age. Beginning in 1915 gas for domestic use was supplied to the city
of Glendive 10 mules north on Yellowstone River. Peak of production
was reached in the fall of 1917, when the combined flow of eight wells
amounted to about 10,600,000 cubic feet of gas per month. The field
was abandoned in 1925; but other gas production followed along the
anticline to the south.

The year 1915 also was notable for the discovery of oil in the Elk
Basin anticline in Carbon County, Mont., and Park County, Wyo.,
a structure which had first been noticed some 10 years previously by
the U.S. Geological Survey. The discovery well, which produced
from the Torchlight sand in the Frontier formation of Late Cretaceous
age at depths of 1,335 to 1,402 feet, was in Wyoming; and about 87
percent of the productive acreage fell in that State. The remaining
northern portion of about 120 acres became Montana’s first producing
oilfield. The beginning, therefore, was rather small. Four oil wells
were drilled in 1915, but were not brought into production until
shipping facilities became available the following summer. Two
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more oil wells and one dry hole were drilled in 1916, and production
for the last 6 months of the year totaled 44,917 barrels, with a value
of $44,019.

Excellent examples of the possible rewards of deeper drilling are
furnished by the development of the Elk Basin field. Natural gas
was found in the Cloverly formation of Early Cretaceous age, about
1,150 feet below the Torchlight, in 1922, but 1s now largely exhausted.
The major discovery, however, did not come until December 1942
when oil was found in the Tensleep sandstone of Pennsylvanian age
at a depth of about 4,500 feet. This reservoir proved to have about
915 feet of saturation, the thickest producing section of any field
in the State. About 1,375 acres, or 27.5 percent, of this Tensleep
pool are in Montana. Finally, in 1946 oil was found in the underlying
Madison limestone of Mississippian age.

The immediate effect of the original Elk Basin discovery was to
direct attention to the Montana extension of the Bighorn Basin and
the country to the north where interest still centered on sharp-dip
structures; but prospecting from 1916 until late in 1919 resulted only
in dry holes. One of the more prophetic of these efforts was the first
test on the larze Woman’s Pocket anticline, which was spudded May
6, 1916, by the Foster Oil Co.,in C SW)ANE) sec. 15, T.8N,R.20 E,,
Golden Valley County, and completed in June 1918 by the Tri City
0il Co., at a total depth of 2,215 feet. The trace of oil from 1,55G
to 1,565 feet, and two other minor shows at greater depth, were the
first evidence in Montana of the occurrence of petroleum in- the
Kootenai formation of Early Cretaceous age, and provided the incen-
tive for further exploration of that unit. Although still far short of
commercial production, more tangible encouragement soon came from
the Dovil’s Basin anticline to the northeast where the Van Duzen Oil
Co. well No. 1 spudded in the Kootenai formation in NEUSWUNWY
sec. 24, T. 11 N, R. 24 E., Musselshell County, on August 10, 1919,
Drilling continued to 2 total depth of 2,031 feet on November 6, 1919.
Tn the meantime, 10 or 12 barrels of oil had been found in a 6-foot
limestone at & depth of 1,167 feet in what was then called the Quad-
rant Formation. Later stratigraphic work has shown the producing
horizon to be in the Heath Formation of the Big Snowy Group, which
is late Mississippian in age. The trend of exploration continued
toward the northeast, and the next structure to be drilled was Mosby
dome on the elongate Cat Creel anticline. Here the Franz Oil Corp.
‘well No. 1 (now Continental Gil Co., Charles 1-A.) was started Decem-
ber 18, 1919, and was completed at 2 total depth of 1,034 feet as a 30-
barrel oil well on February 20, 1920. Production was obtained from
the second Cat Creek sand of the Kootenal formation between the
depths of 998 t0 1,014 feet. This famous discovery well, which in itself
never produced more than 700 barrels of oil, resulted in the develop-
ment of the Cat Creek field, the first important field in the State and,
for its size, still one of the most productive and most profitable that
has been found. Exploitation was rapid. A peak production of
2,080,826 barrels per year was reached at the close of 1923; and cumu-
lative production to the close of 1961 has amounted to nearly 20
million barrels of oil.

The discovery of the Cat Creek field definitely carried the struggling
Montana petroleum industry beyond the nascent stage; but national
significance was not achieved until the oil discovery on the Kevin-
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Sunburst dome in Toole County 2 years later. Actually, there were
two oil discoveries; and the short interval between them compounded
the excitement they raised. Oil was found first on April 14, 1922,
when the Gordon Campbell, Kevin Syndicate-A. Goeddertz well No. 1,
NEYNEYyNEY sec. 16, T. 35 N., R. 3 W., was completed as a 20-barrel
producer between depths of 1,770 to 1,790 feet in the basal sandstone
unit of the Sawtooth formation of Middle Jurassic age and the eroded,
weathered upper surface of the Mission Canyon formation of the
Madison group of Mississippian age, which are separated by an un-
conformity. In the second, oil was found June 5, 1922, when the Ohio-
Sunburst Oil Cos.-R. Davey well No. 1, SE4SEXSWY sec. 24, T. 36
N., R. 2 W., was completed as a 150-barrel producer between depths
of 1,535 to 1,564 feet in a sand at the base of the Kootenai formation,
which later was named the Sunburst sand. These discoveries, together
with the great size of the dome, first production from rocks of Paleozoic
age in the Rocky Mountain region, shallow drilling, and demonstrated
production from a low-dip structure, attracted immediate attention
from major oil companies and numerous small operators, The result
was remarkable and, by the close of 1922, out of a total of 42 com-
pleted tests the field could show 22 producing oil wells, 4 wells pro-
ducing both oil and gas, 3 Sunburst sand gas wells, 3 dry holes with
shows of oil and gas, and 8 dry holes, with 11 tests drilling. Peak oil
production of 6,457,217 barrels of oil was reached rapidly in 1926,
since when it has been declining; and cumulative production to the
close of 1961 has amounted to 66,189,439 barrels, which is not far
from its estimated ultimate production of 70 million barrels of oil,
Peak production of natural gas of 4,950 million cubic feet was reached
in 1928, with cumulative production of about 78 billion cubic feet
through 1961. With the development of the Kevin-Sunburst field
the petroleum industry became firmly established.

Partial indications of structure at perhaps as many more fields or
pools as were found by areal or structural geology also were found by
surface mapping but development did not follow until the geologic
structure of the concealed part or the deeper structure had been
worked out by geophysical methods; usually detailed seismograph
surveys. In some districts, for example, the Poplar or Cedar Creek
anticline, the interval between recognition of surface structure and
the seismic surveys that led to deep drilling has been as long as 30 to
45 years. Much of this delay occurred before the development of
prospecting with the reflection seismograph, and these poorly expesed
structures were natural testing grounds. Among the fields that have
been found by this combination of methods are the following, and
the list may not be complete: West Utopia (1943); North Reagan
(1947); Big Wall (1948); Bowes, oil (1949); Glendive, Cedar Creek
anticline (1951); Ash Creek (1952); Little Beaver, Cedar Creek
anticline (1952, 1954); Marcus Snyder (1952); Poplar, East (1952);
Cabin Creek, oil, Cedar Creek anticline (1953, 1956}; Ash Creek,
South (1954); Big Coulee (1954); Clarks Fork (1954); Little Beaver,
East, Cedar Creek anticline (1954); Gas City, oil, Cedar Creek anti-
cline (1955); Pennel, Cedar Creek anticline (1955); Pine, Cedar
Creek anticline (1955); Clarks Fork, North (1956); Belfry (1958);
Monarch, Cedar Creek anticline (1958). Beginning with the dis-
covery in 1951 of oil in rocks of Ordovician age in the Glendive field
at the north end of Cedar Creek anticline, the impact of this combina-
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tion method on rate of discovery and oil production in eastern
Montana (Williston Basin) was literally explosive, about 20 deep
pools being found on Cedar Creek anticline alone. According to the
records of the Montana Oil and Gas Conservation Commission, oil
production in eastern Montana jumped from nothing to 56.4 percent
of the total for the State for 1961, or by more than 17 million barrels
(see figure 8).

SUBSURFACE ExproraTion, 1940-60

Subsurface stratigraphy —By the close of 1961 approximately 12,840
wells had been drilled for oil and gas in Montana. Of this number
about 10,500 are field wells; for example, at that time the total num-
ber of wells in the Kevin-Sunburst field was 4,019. The remaining
2,342 tests were “wildcats,” or wells drilled in search of oil and gas
in unproved areas. Most of the wildcat wells were dry, those that
made discoveries being included with the field wells drilled around
them. All of these tests, especially the widely scattered wildcat tests,
have contributed more or less information to subsurface stratigraphy
such as what formations are present, the rate and direction in which
they thicken or thin, lithologic changes, presence of unconformities,
and data on porosity and permeability. These are the basic data
for petroleum exploration. Subsurface stratigraphy seldom has been
used alone in Montana, but the tendency to do so is increasing. At
least seven discoveries have been credited to it during the past 10
years, and as the data increase in amount and quality so will its capa-
bility for discovery. Fields whose discovery has resulted primarily
from applications of subsurface stratigraphy include the following
(with year of discovery): Reagan (1941); Cut Bank, north (1945);
Pondera Coulee (1951); Grandview (1952); Brady, west (1958);
Stensvad (1958); Cut Bank, southwest (1959); Pondera Coulee, west
(1959); Keg Coulee (1960). Discovery of the Pumpkin Creek field
in 1954 is credited to both surface and subsurface mapping.

Geophysical methods.—Fields whose discovery is credited to detailed
seismograph surveys, with little or no assistance from other methods,
are as follows: Reagan, north (1942); Sumatra (1949); Richey (1951);
Deer Creek, Cedar Creek anticline (1952); Richey, southwest (1952) ;
Wolf Creek (1952); Brorson (1954); Fertile Prairie, east flank Cedar
Creek anticline (1954); Bredette (1955); Cupton, east flank Cedar
Creek anticline (1955); Wolf Springs (1955); Bredette, north (1956);
Outlook (1956); Delphia (1957); Line Coulee (1957); Outlook, south
(1957); Blackleaf (1958); Redstone (1958); Dwyer (1959) ; Tule Creek
(1960). The Wolf Springs field (1955) was found by a combination of
gravity and seismic methods. The increasing use of the seismic method
i1 the last decade will be noted, and this trend is expected to continue.

Subsurface and seismic.—Fields whose discovery is credited to a
combination of subsurface and seismic methods are few: Blackfoot
(1955); Red Creek (1958); Gold Butte (1959); Middle Butte (1959);
Sand Creek, north end Cedar Creek anticline (1959). However, their
number is expected to increase as subsurface data from northeast
Montana become more abundant.
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Ranpom DriLriNg

Random drilling is not a disciplined or technical method of oil
finding. Usually the values involved are subjective, and may include
simple faith, curiosity, an intuitive impression, or a hunch that a
certain tract will be underlaid by oil; that the trend of discovery will
be in a certain direction; a layman’s misinterpretation of geologic
data; or flagrant wildcat promotion. On the other hand, it may be
eminently practical, such as an opportunity to test a large block of
acreage for the cost of a single well. Whatever the reasons, and no
matter how great the odds may be, random drilling sometimes results
in discoveries that would not have been made by conventional think-
ing. Where drilling depths are shallow and costs relatively low this
type of exploration will continue but its use is becoming more and more
infrequent. Among the discoveries that have been made by random
drilling are the following fields: Hardin (1913); Whitlash (1918);
Berthelote (1926); Cut Bank, gasfield (1926); Devon (1926); Pondera
(1927); Border-Red Coulee (1929); Brady (1943); Gypsy Basin
(1958).

More systematic categories of drilling exploration include succes-
sively deeper drilling, such as that which led to the Tensleep discovery
(1942) and the Madison discovery (1946) at Elk Basin. Now,
however, unless oil is found at shallow depth, the major operators tend
to make complete tests of the available stratigraphic section with the
first exploratory well. As a method, therefore, deeper drilling is
largely restricted to the older fields whose original discoveries were
shallow. Stepout drilling, or simply following the trend of oil occur-
rence, is credited with the discovery of the Darling pool in the north
part of the Cut Bank district in 1939, and the Melstone field in the
central part of the State in 1948. Lastly, fields or pools have been
discovered by revaluation and testing of apparently noncommercial
tests, as happened in the very prolific Lander pool (1935), in the Cut
Bank field, and in the Redstone field in the northeast part of the State
in 1958.

PETROLEUM
(By Charles E. Erdmann, U.S. Geological Survey, Great Falls, Mont.)

" The petroleum resources of Montana occur east of the Continental
Divide beneath the Great Plains. This region, outlined on figure 7,
page 47, is essentially the area of the “Structure Contour Map of the
Montana Plains” of the U.S. Geological Survey (1955). That map
covers 112,060 square miles, or about 76 percent of the State, yet does
not include some 9,900 square miles of mountainous country also
east of the Continental Divide southwest of Bozeman and south of
Butte. The area of Montana east of the Continental Divide, there-
fore, is about 121,960 square miles, or nearly 83 percent of the total
area of the State.

Not all of this vast country is suitable for the occurrence of hydro-
carbons. Approximately 3,100 square miles are underlaid by pre-Belt
crystalline and metamorphic rocks, including 60 square miles of the
Stillwater igneous complex, which, along with younger igneous rocks,
have never contained any oil or natural hydrocarbon gases. Another
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3,300 square miles are occupied by the sedimentary rocks of the Belt
series of Precambrian age, which include about 6 square miles of Purcell
lava sills. Thin films of carbon in haphazard arrangement on the
bedding surfaces of some of those ancient sediments have been inter-
preted quite properly as evidence of Precambrian life; but no inference
that these rocks once contained oil and gas has ever been made, and the
Belt terrane is generally regarded as nonproductive. Where the Belt
rocks are involved in the Lewis overthrust fault on the east side of
Glacier National Park they are underiaid by Upper Cretaceous strata
that have yielded shows of oil and gas, as has been pointed out, but
since this locality is now proscribed from prospecting by park regula-
tions it is included with the Belt series as nonproductive territory.
Kast of the Continental Divide, therefore, the total area of the Pre-
cambrian outerop is about 6,400 square miles. Extensive areas of
Cretaceous and Tertiary igneous rocks also are present. The Cre-
taceous igneous terrane totals about, 1,560 square miles, and can be
separated roughly into 1,180 square miles of extrusive rocks, mcluding
the agglomerate member of the Livingston formation, 176 square
miles of intermediate (andesitic) intrusives, and about 83 square miles
of diorite and gabbro. Tertiary igneous rocks are even more abun-
dant, totaling about 4,120 square miles. Hxtrusive voleanics cover
2,310 square miles, considerable areas being in the Bearpaw and
Highwood Mountains out on the Plains; the Boulder batholith and
broadly related stocks appear over 1,300 square miles, and the ag-
gregate area of the smaller intrusives is about 500 square miles.
Tt is also necessary to exclude about 1,080 square miles of Cambrian
sedimentary rocks and about 530 square miles of Devonian rocks on
the grounds that where these older Paleozoic strata are at the surface
any hydrocarbons they may once have contained have been dissipated,
and all the younger overlying beds that may once have contained oil
or gas have been removed by erosion. The total area east of the
Continental Divide in which prospects for oil or gas are negative is
thus about 13,930 square miles.

Simple subtraction, therefore, gives about 108,000 square miles
east of the Continental Divide as the region in which the stratigraphic
column is generally favorable and of sufficient thickness to offer some
prospect for the discovery of oil and gas. Two small districts west
of the divide, 180 square miles in the valley of the North Fork of the
Flathead River, and 140 square miles southwest of Marias Pass also
fall in this category. By no means should they be ignored indefi-
nitely; but they are omitted now because together they are equivalent
to only about 0.3 percent of the prospective area east of the divide,
which is the country that contains Montana’s petroleum resources.
Very little of it, however, is actually producing or has produced oil
or gas, and the crux of the petroleum resource problem is the where-
abouts of whatever undiscovered pools there may be. Addition of
the productive areas given in table 1 gives the total area producing
oil on January 1, 1962, as about 228,650 acres, or 357 square miles,
which is only 0.33 percent of the favorable part of the Plains region.
Estimates of the aggregate area producing natural gas come only to
about 456,990 acres (710 square miles), or 0.66 percent of the Plains
region. The total acreage producing oil and gas thus has a productiv-
ity index, if it may be called that, of about 1 percent.

For purposes of this summary it will be convenient to consider the
petroleum resources of Montana briefly from the standpoint of past
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discoveries, which may be subdivided further into cumulative pro-
duction—which is now history, and proved reserves—or present
reality, and the ultimate potential reserve or the amount of oil and
gas that remains to be found and produced in the future. Many of
the basic data for an appraisal of past discoveries are given in table 1.
The data particularly show the very small number of major fields,
the large number of small fields, the large number of fields that produce
from only one horizon, and the comparative thinness of the pay zones.
This is a record of past experience, however, and should not be as-
sumed to indicate future performance, even though it may be sugges-
tive.

Petrolewm occurs in Montana in 21 geologic formations which range
stratigraphically from the Red River formation of Late Ordovician
age upward to the Shannon sandstone member of the Cody shale of
Tate Cretaceous age. The extensive range of this occurrence is
brought out in the generalized stratigraphic correlation chart (fig. 6)
in which the producing zones ave indicated by standard oil well sym-
bols (small black circles) together with the name of the field or fields
at that horizon. The same information also is included in table 1,
but the stratigraphic position and frequency of occurrence are not
evident in that tabulation.

Cumulative oil production dating from the first commercial wells
at Elk Basin in 1916 to the close of December 31, 1960, was about
364,400,000 barrels and had an aggregate value of about $734,200,000
(Montana Oil and Gas Conservation Commission, “Statement of
Crude Oil Production, 19607). In 1960 Montana ranked 12th in
petroleum production by States, producing about 30,240,000 barrels
of oil, or 1.18 percent of the U.S. total, and, at the close of that year,
the State ranked 13th in proved reserves with about 267,690,000
barrels, or approximately 0.84 percent of the national total (American
Petroleum Institute, 1961, p. 35). The reserve estimate for 1961 was
somewhat greater, 334 million barrels (table 1), indicating extension
of known fields and new field discoveries during that year. At the
1960 rate of production, which is shown graphically in figure 8, sub-
divided into the provinces from which it came, reserves of this magni-
tude would be 10 or 11 years’ supply, which has been the approximate
status of the national reserve for some years; and it will also be aug-
mented substantially as time goes on by oil from secondary recovery
projects of which 15 or more are now in operation. The proved petro-
leum reserve in Montana, therefore, probably will continue to remain
at about this level for a number of years, and there need be no concern
about the immediate future.

Tt is evident, however, that production from the older northern
fields, which for more than 20 years supported the petroleum industry
in the State, is falling off rapidly and unless a new major discovery is
made, at the rate of decline indicated in figure 8, in 20 years the
province virtually may cease to produce. This, of course, is the ulti-
mate fate of all extractive industries, and the reason it is so necessary
that new discoveries continue to be made. But, in view of the thor-
ough exploration, it is questionable if sufficient area remains on the
Sweetgrass arch in which another extensive field could occur. In the
meantime the loss has been more than made up by the marked increase
in production from central and south-central Montana, where the
fields are numerous but small. On the other hand, the probable life
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expectancy of the great new fields in the eastern part of the State
may be as long as 20 to 30 years, and during that period many exten-
sions and new discoveries doubtless will be made.

Estimation of the ultimate potential petroleum reserve is a very
difficult matter, and no completely satisfactory method has ever been
devised. According to Weeks (1958, p. 433), “The only determinants
that have any general application, and which can be classified as basic
today are (I) geology, and (2) experience on the broadest possible
scale in what geology means in terms of oil occurrence.” Some of
these factors are involved in the productivity index referred to above,
which is an approximate measure of probability of occurrence, and
will now be considered at greater length. The real or ultimate value
of this index is uncertain and can only be determined by the results
of future exploration. Obviously, it does not suggest that 1 percent
of any specific tract of land will yield both oil and gas; the larger the
area to which it is applied and the more favorable structures that
area contains, the more accurate it is likely to be. Nor does it mean
that gas is more apt to be found than oil, much of the natural gas in
Montana is not associated with petroleum; and it offers no clue to
where a discovery will be made. Even the value of the index is sub-
ject to change and should improve (increase) with future discovery,
an increment of 0.18 for oil having occurred since 1951 in consequence
of the discoveries in eastern Montana. If this oil increment should
continue to increase to the 1.7 percent (Pratt, 1944, pp. 67, 68) which
has been reported for some of the more thoroughly explored States,
the future for petroleum in Montana would indeed be bright.

Either the productivity of the sedimentary rocks in the Plains
region of Montana is less than equivalent sedimentary sections in
other parts of the United States that produce oil, as is suggested by the
comparatively low success ratio for new field wildcats, or exploration
is inadequate, which is suggested by the obviously low density of
exploratory tests. Some data favor the latter interpretation, and
certainly many cubic miles of rock remain undrilled. In line with
this is the fact that the most thoroughly explored structural province
in Montana—the Sweetgrass arch-—through 1961 produced 45.6 per-
cent of the cumulative production of the State, or about 180,732,000
barrels of crude oil. Further confirmation of the more or less direct
relationship between exploration and production is now available
from the country east of R. 46 E., broadly the western part of the
Williston Basin province, where deep systematic drilling to Palezoic
terranes has been underway only since 1950, During the first 4 years
production raised so sharply (fig. 8) that it almost equaled that from
the Sweetgrass arch, and exceeded it in 1955. By the close of 1961
cumulative production for eastern Montana amounted to 108,178,000
barrels, or about 27.4 percent of the total cumulative production of
the State at that date, and if the current annual rate can be sustained
or increased the cumulative record for the Sweetgrass arch will be
exceeded in 4 or 5 years.

It should be borne in mind, however, that most of this exploration
in the Williston Basin provinece, both in Montana and North Dakota,
has been on well-defined surface structures that had been known for
many years. Now that their development is established, new field
discoveries must be searched for with seismic and subsurface tech-
niques on much more obscure features and the rate of discovery may
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be expected to level off or even decrease. This endeavor has already
begun. Brorson, Dwyer, Redstone, and Sidney, to mention only a
few, are examples of fields not on obvious surface structures that have
been found by seismic surveys. The comparatively recent Dwyer
field, however, which has already produced about 1 million barrels of
oil, seems in some way to have been localized by a major transcurrent
fault. An intersection of another element of this trend, which is
northeast, with the complementary Cedar Creek axis is illustrated in
the Richey field. Lineaments similar to these and the many irregu-
larities of stratigraphy, porosity, and other inherent variables that
they afford, should provide many different kinds of traps for oil and
gas in eastern Montana. That province, therefore, is considered to
have the most favorable prospects for future discoveries of petroleum
in Montana, and to contain the greater part of the ultimate potential
reserve. Any estimate in specific units of production, however,
would be hazardous and very subjective.

Reference has been made to the impending expenditure of the
ultimate potential of the Sweetgrass arch. Ultimate potentials for
central and south-central Montana, which together during 1961 con-
tributed about 30 percent of the total production of the State, are not
regarded as impressive and it seems probable that they may not equal
the original recoverable reserves of the known fields. Reasons for this
opinion are based on many factors that include the comparatively
small area involved, its rather complete structural compartmentation,
relatively high density of dry holes and the number of structures
proved to be dry, time of migration and accumulation, possibility of
hydrostatic flushing, productive age of known fields, absence of some
of the Paleozoic formations that produce in eastern Montana, and the
failure of others that are present to produce.

Some parts of the Plains region that have received little or no
drilling also may have latent potentials for oil and gas. Among the
larger of such areas are: the north end of the Powder River basin; the
upper or outer flanks of the Crazy Mountain basin; the lower flanks of
the Bearpaw arch, which are concealed by volcanics; and, on more
than a statistical basis, the Disturbed Belt, whose exploration illus-
trates how elusive and discouraging realization of a prospect may be.

The narrow, structurally complex Disturbed Belt has an area of
about 2,000 square miles in Montana, where it separates the moun-
tains from the Plains (Sweetgrass arch), extending from the Missouri
River northwest to the International Boundary, and continues on
into Alberta, Canada, where it is known as the Foothills Belt. Surface
indications of petroleum have been known from it since 1902. Most
of the 30 tests made before 1940 were too shallow to be conclusive or
even informative and all were abandoned as dry holes without shows
of oil or gas except for the few on Swift Current Creek and the test
on the Boulder Creek. More competent and determined exploration
beginning in 1946, since when approximately the same number of tests
have been made, all of them deep and to objectives known to contain
oil and gas on the plains, also has been without material return.
This effort has been all the more frustrating because the extension of
the Belt into southern Alberta includes among other fields: Turner
Valley, which to the close of 1956 had produced about 124 million
barreis of high-grade (39° A.P.I.) paraffm base oil and about 1,760
million cubic feet of gas; Pincher Creek, with its literally enormous
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cas-condensate reserve; the more recent Waterton gas field; and, since
1960 2 gas well discovery within 6 miles of the boundary. The conse-
quences of finding an extension of this productivity in Montana would
be momentous, and might add greatly to the oil and gas reserve.
Exploration in the Disturbed Belt may therefore be expected to
persist until a significant find has been made or accumulated geologic
data indicate the probability that commercial prospects are not
present. In this connection, however, it should be remembered that
before success was obtained in the Alberta Foothills the exploration
phase of some of its great fields was long, difficult, and expensive.

NATURAL GAS
(By Charles E. Erdmann, U.8. Geological Survey, Great Falls, Mont.)

Natural gas has been found in Montana in 40 or more fields, some of
them one- or two-well pools, and perhaps 150 wildcat tests have been
abandoned as dry holes with shows of gas and oil or shows of gas alone.
This rather large number of occurrences, many of which will be
mentioned by name later, has given rise to the belief that natural gas is
abundant in Montana. Weeks (1958, p. 46) has remarked that
“experience in this country (i.e., the United States) has shown that
about 5,000 cubic feet of natural gas have been discovered for each
barrel of liquid petroleum.” At the close of 1962, in terms of this
ratio, the cumulative oil production and proved petroleum reserve of
Montana, respectively, should have been associated with 2.1 and 1.7
trillion cubic feet of natural gas, for a total of 3.8 trillion cubic feet,
without consideration of the amount that may be contributed in the
future by the development of the ultimate potential oil reserve.
Although not particularly impressive as a reserve figure for so vast a
country as the Plains region, 3.8 trillion cubic feet of gas provides a
convenient frame of reference against which the natural gas resources
of Montana may be viewed.

Information on natural gas in Montana is not so complete or syste-
matic as the data for petroleum. Much of this shortcoming results
from the early exclusive emphasis on petroleum exploration, from
which gas was an incidental, unwanted byproduct with little or no
market that seldom brought a price of more than 3 cents per thousand
cubic feet at the casing head, if it could be sold at all. Such circum-
stances offered operators no encouragement to prospect for gas; and
to some extent this tradition of low field prices for natural gas still
prevails even though the value of the commodity is now much greater.
Hence, other than the pioneer commercial gas development on Gas
City Dome at the north end of Cedar Creek anticline in 1915, and at
Havre in 1916, little interest was shown for 8 or 10 years. With in-
creasing evidence of marketable reserves, however, some short lines
were laid from several fields to nearby towns as that from the Kevin-
Sunburst gas area to Shelby in 1923, and from Bowes field to Chinook
and Havre in 1926. The first long line was built from the Kevin-
Sunburst field to the city of Great Falls in 1928; and the large-diameter
line from the Cut Bank district to the copper smelter at Anaconda
followed in 1931. Descriptions of gas development at this stage have
been given by Bartram and Erdmann (1935) and by Perry (1937).
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In 1953 the American Gas Association estimated the proved recover-
able natural gas reserve for the United States at about 211.5 trillion
cubic feet. During that same year Casper (1953 p. 209) provided a
somewhat more conservative estimate of the national reserve as about
197 trillion cubic feet at 60° F., and 14.65 pounds per square inch
absolute. Only 800 billion cubic feet, or about 0.41 percent of
Casper’s total, were credited to Montana, with no breakdown by in-
dividual fields. This estimate has just been proved low, for at the
close of 1961 it was exceeded by measured cumulative production
totaling about 880 billion cubic feet which, of course, is less than the
amount of gas actually withdrawn. Inclusion of the proved reserve
of about 325 billion cubic feet, exclusive of the ultimate gas potential,
brings the total original reserve estimate for Montana to about 1.2
trillion cubic feet, or about 2.6 trillion cubic feet less than the amount
indicated on the basis of the national ratio between oil and gas
production. , :

Reflecting new discoveries and field extensions during the past
decade, current estimates of the national gas reserve are of the order
of 267.7 trillion cubic feet. An approach to the probable Montana
fraction of this figure from the viewpoint of Casper’s ratio, which may
gtill be valid even though the estimates on which it was determined
seem to be low, gives about 1.1 trillion cubic feet, which is remarkably
near the original reserve estimate of 1.2 trillion cubic feet based on
cumulative production and proved reserves. Probably this is a
fortuitous circumstance, for they are not strictly comparable because
about 73 percent of the original reserve estimate consists of gas that
has been produced and, therefore, not in the reserve. However, if
that volume of gas, about 0.9 trillion cubic feet, is added to the 1.1
trillion cubic feet derived by taking 0.41 percent of the current national
reserve the resulting sum is 2 trillion feet. This is about as large
an ultimate recovery as can be rationalized from the incomplete data
available, but it is still only about half of the 3.8 trillion cubic feet
estimate that might be anticipated from national experience. This
critical condition has been appreciated in the local natural gas industry
for some time, and potential shortages fortunately have been averted
by imports from both Wyoming and some of the flelds with large
reserves in southern Alberta. However, before considering these
imports in greater detail, reference should be made to the geologic and
geographic occurrence of natural gas in Montana.

Commercial volumes are present in 16 or 18 geologic formations
which range from Late Ordovician to Late Cretaceous in age—
essentially the same as that for petroleum. Most of the formations
yielding large amounts are indicated in the Generalized Stratigraphic
Correlation Chart (fig. 6) by standard gas well symbols (small open
cireles with short perpendiculars on the circumference) together with
the name of the field producing from that horizon (table 2}. '
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TasLe 2.—Stratigraphic occurrence of natural gas in Montana

System or series Group Formation Member or sand
Upper Cretaceous Montana Judith River
Eagle sandstone Upper part
Colorado Bowdoin
Phillips
Frontier
Lower Cretateous - v acacmecammamamm = Blackleaf Bootlegger member

(Bow Island)

Taft Hill Glauconitic
member

Flood member

Kootenai Sunburst
Third Cat Creek
Lakota
Cut Bank
Upper Jurassic Morrison
Ellis Swift
Sawtooth Middle
Basal sandstone
Upper Permian Embar (of former
" usage)
Pennsylvanian Tensleep sandstone
Upper and Lower Mississippian Madison Castle Reef doloinite | Sun River member
Mission Canyon
limestone
Lower Mississippian Lodgepole limestone
Upper Devonian Potlatch anhydrite
Middle Silurian | Interlake (of Canada)
Upper OrdovieIan . .o vmoooeeocamiamoaas Bighorn Red River

Stony Mountain

In general, the gas from the Upper Cretaceous sands is a “dry,”
sweet (no hydrogen sulfide) gas high in methane (CH,) or “marsh
gas,”” with little or no ethane (CyHg). Often a few percent of nitrogen
(N,) and sometimes carbon dioxide (COy) are present as impurities.
Gross B.t.u. content may average about 970 B.t.u. These gases do
not seem to be associated with petroleum and, in some units such as
the upper part of the Eagle sandstone, appear to have been derived
by decomposition of carbonaceous debris. The gas from rocks of
Early Cretaceous and Late Jurassic age is “wet” sweet solution gas
from oil. While predominantly methane, these gases contain ethane
(sometimes as much as 13 percent), propane (C;Hs) and butane
(C4H,y), with percentages of nitrogen and carbon dioxide somewhat
larger than in the Upper Cretaceous gas. Heat values usually run
over 1,000 B.t.u. Gas from the Cut Bank sand falls in this group,
and where of average composition may contain about 215 gallons of
gasoline per million cubic feet, which is removed before the gas is dis-
tributed for industrial or domestic use. The gas from the older
(Paleozoic) formation usually is characterized by the presence of
hydrogen sulfide, which may vary from a trace to concentrations of
more than 16 percent as in the Embar-Tensleep reservoir at Elk
Basin. which is mentioned briefly in the chapter on Sulfur. Most of
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the gas in rocks of Paleozoic age is exsolution gas from petroleum.
Good examples of its occurrence may be found in the Sun River
member of the Castle Reef dolomite in the Reagan field, and in the
Interlake, Red River, and Stony Mountain formations on Cedar
Creek anticline. Gases rich in carbon dioxide and nitrogen have been
found in some Devonian and Cambrian units on the Sweetgrass arch,
from where they have been described by Dobbin (1935, p. 1057, 1065),
and along the wedge-edge of the Ordovician system to the northeast.
Small percentages of helium have been reported from the nitrogen
fraction of some of these gases, but there is no evidence that the volume
of the nitrogen reserve is large enough to warrant processing for
helium. In contrast to these occurrences, the richest helium gas in
Montana, 3.91 percent associated with 81.6 percent nitrogen (Ander-
son and Hinson, 1951, p. 74, 75. Index No. 678) was found in the
base of the Swift Formation on the Kootenai Dome of the Car Creek
anticline by the J. C. Neudigate Oil Co., Root well No. 1, sec. 28,
T. 16N., R. 26E., Petroleum County. The volume of gas was small
and was soon drowned out by water which caused the hole to be
abandoned. This occurrence is believed to be related to deep-seated
faulting associated with the development of the structure, as no
helium has been reported from later penetrations of the Swift forma-
tion on other parts of the anticline.

Both gas and oil are produced in Montana in 15 fields. Gas occurs
alone in 29 or 30; but 6 small pools have been exhausted, 11 are of
minor importance, and only 12 actually produce gas alone. The
fields that produce both gas and oil, but which do not have large
separate gas areas are shown simply as oilfields on figure 7. Oil and gas
fields of Montana, the index numbers in circles (also in parentheses
after the names that follow) correspond to those listed in table 1.
These fields are: Bears Den (3), Belfry (4), Bowes (11), Clark’s Fork,
north (20), Dry Creeck (27, 28), Elk Basin (30 to 34), Flat Coulee (35),
Gypsy Basin (41), Lake Basin (not producing), Reagan (68), Red
Creek (69), Whitlash (86). A new gas well with a reported 1nitial
open-flow capacity of about 52 million cubic feet per day from the
upper part of the Madison group (Sun River formation) was found
during October 1962 at Gypsy Basin, improving the potential of that
district. Bowes and Whitlash of this group may be considered as
local major gasfields, each having production capability of a little
more than 1 billion cubic feet of gas per year, but their reserves are
considerably depleted and this rate may be expected to decline in
the near future. Recently, however, a west extension to the Whitlash
Field gaged 58 million cubic feet, improving the outlook there but
the area of the extension probably will be small. In some of the
other fields where the gas and oil are in the same reservoir, for example,
Red Creek, the gas wells have been shut in to maintain pressure for
production of oil.

The exhausted and minor gasfields either are not numbered on the
map, or are not shown. The old field at Havre ceased production in
1925, and unsuccessful efforts were made to revive it between 1946
and 1950. Other small exhausted fields are Bow and Arrow, Haystack
Butte, Kicking Horse, and Marias River (Nadeau). 'The field at Box
Elder ceased producing in 1959, and is now being used for underground
gas storage. The Brown’s Coulee, Cassidy, Kremlin, Sherard, Signal
Butte, and Winifred districts, which hardly merit the distinction of
being called fields, are either abandoned or shut in. Al are in the
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folded and faulted country surrounding the Bearpaw Mountains where
they mark small accumulations of methane in the upper sandstone
unit of the Kagle Sandstone or in the Judith River formation. At
Sherard and Winifred i1t can be shown that the gas dees not occur in
the anticlinal (allocthonous) structure but in porosity traps in the
upper sandstone bed of the Eagle in place in the underlving autochthon
where local structural relief is considerably less. With the exception
of Bowes field, therefore, the potential of these districts for Upper
Cretaceous gas should be discounted substantially.

In the northern part of the State several small fields that have been
shut in without having produced, except possibly for local use are
Armells, Blackleaf, Gildford, North Gold Butte, and Rudyard. The
little field at South Gold Butte has only recently received a pipeline
connection. Small shutin fields in the southern part of the State
include Liscom Creek, McKay Dome, Mosser Dome, Pumpkin Creek,
Rapelje, and Sixshooter. Lack of pipeline outlet at these localities
suggests either low productive potential or no local market.

Fields that produce gas only, or have gas areas large enough to be
shown separately, are indicated on the map, figure 7, by numbers in
open squares which are keyed to the following list (table 3):

TasrLe 3.—Summary of producing gas fields !

Map No. and Name Producing formation 1961 pro-
duction, Mef
1 ApeX. e weui Blackleaf ... 340, 352
2 Big Coulee..._. ——— Lakota-Morrison. ... ... 890, 509
8 BOWAOIM. oo Colorado—Bowdoin-Phillips - 4,013, 919
4 Cedar CreeK o oo Judith River-Eagle......_.... 5,492, 270
Siluro-Ordovician. ... - 1,919,801
5 Cut Bank. oo Kootenal; Sun River-...__.... 12,275,935
6 Devon - Blackleaf. 55, 404
7 Fred and George Oreek . oo jana s do...o.. No Record
8 Golden Dome. ____________ ... ... Bagle o mocmaccacmcameas 12, 876
9 Grandview____ Marias River shale-cone_. 146, 776
10 Hardin e Frontier.. . .c.._____._._.. - 55, 776
11 Xeith Block___ ——— Sawtooth-Madison.._ - 2,126, 038
12 Kevin-Sunbursto . oo Kootenai-Sunburst 1,074, 342
13 Plevna.._ - Judith River...... - 168, 546
E A 6 o SaWb00tN - oo oL 528,314
)Y ) OO 29,100, 948

! Production data in part from Montana Oil and Gas Conservation Commission, Annual Review for
1961, p. 3.

This list ineludes the more important gas fields in the State, except
for Bowes and Whitlash which are shown on the map as oil fields.
Gas production from the fields that produce both oil and gas amounted
to 5,418,394 Mecf in 1961 to bring the total amount withdrawn in the
State to 34,519,342 Mecf. Seven fields: Bowdoin, Bowes, Cedar Creek,
Cut Bank, Keith, Kevin-Sunburst, and Whitlash, produced about
85.5 percent of the gas. At the present overall rate of withdrawal
their proved reserves may soon be depleted, perhaps within 8 or 10
years, and some of the smaller older fields before then.

This possibility, of course, had been recognized in Montana’s
natural gas industry for some time, and first became critical during
World War IT when large amounts of gas were required for defense
production operations of the Anaconda Copper Mining Co. Begin-
ning in 1952, the reserves depleted by defense mineral production
were to some extent replenished by the grant of a license from the
Canadian Government and the Federal Power Commission to the

94765—63——4
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Montana Power Co. to import 43.8 billion cubic feet of gas over a
period of 5 years, which has since been extended, from the ILake
Pakowki—Manyberries area in seuthern Alberta. Gas imports from
this ares in 1961 amounted to about 15.7 billion cubic feet. Further
relief also came in 1961 through a contract between the Montana
Power Co. and the Alberta and Southern Gas Co. to import 11 billion
cubic feet of gas annually on a “take it or pay for it”’ basis from the
large reserves in southwestern Alberta. Any excess or unused gas
will be placed in temporary underground storage in the Cobb field
in the north part of the Cut Bank district. Through this arrange-
ment it is expected that the annual import from the Lake Pakowki
area may be reduced to about 5 billion cubic feet.

Natural gas also is imported into Montana from Wyoming by the
Montana Power Co., and from both Wyoming and North Dakota by
the Montana-Dakota Utilities Co. In 1961 the Montana Power Co.
import consisted of about 4.9 billion cubic feet from the Heart Moun-
tain field, Wyoming, which was brought to Billings for operation of
their gas-steam plant at that place; and about 3.7 billion cubic feet
purchased from the Montana-Dakota Utilities Co., at Warren, Mont.,
where it had been brought from Worland, Wyo. The total gas im-
port of the Montana Power Co. in 1961 was thus of the order of 24.3
billion cubic feet. Excess gas in the Montana Power Co. System in
the southern part of the State is stored underground in their Madison
~River gas bubble in T. 1 N., R. 2 E., west of Bozeman. Imports of
gas intoe Montana by the Montana-Dakota Utilities Co. during 1961
consisted of about 20.7 billion cubic feet from Wyoming, and 5.7
billion cubic feet from North Dakota. The company also stores con-
siderable volumes of gas in Cedar Creek anticline in some depleted
parts of the Judith River formation as follows:

Million cubic feet

From Wyoming_ __ 3, 500
From North Dakota. _________ o ______ 1, 665
From Montana___ . i 92

Exports to South Dakota (including Colony, Wyo.) amounted to
about 9 billion cubic feet, and about 5 billion cubic feet were returned
to North Dakota. However, virtually all of the exported gas is of
Wyoming and North Dakota origin. The net gain to Montana was
thus about 12.4 billion cubic feet. On balance, therefore, total im-
ports of natural gas into Montana during 1961 came to about 36.7
billion cubic feet, or 2.2 billion cubic feet more than was produced
within the State. Total gas consumption in Montana during 1961
was therefore of the order of 71.2 billion cubic feet.

Through commendable foresight of the public service companies it
is evident that Montana will suffer no shortage of natural gas within
the foreseeable future. However, the prospect of developing addi-
tional supplies of gas within Montana at the present time is not
promising, and probably will not improve until higher field prices
stimulate sufficient drilling exploration to locate some of the ultimate
potential reserve. This problem is analogous to and part of the
petroleum resource problem; and because of the association of gas
with oil in the older rocks quite probably there will be a joint solution.
Whether that will mean discovery of a high-pressure gas-condensate
field in Paleozoic rocks in the Disturbed Belt with trillions of cubic
feet of gas in reserve, which is really what is needed, or large fields
out on the Plains remains for future determination.
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OIL SHALE
(By C. B. Bentley, U.8. Geological Survey, Great Falls, Mont.)

Oil shales are organic shales which contain kerogen, a mineraloid
consisting of a complex of macerated organic debris and forming the
hydrocarbon content of oil shale (Levorsen, 1954, p. 656). Kerogen
consists chiefly of algae, pollen, spores, and spore coats, and may
contain the remains of insects. Chemically it is a mixture of large
molecules containing hydrogen, carbon, oxygen, nitrogen, and sulfur.
Oil shale, as defined by Winchester (1923, p. 14), refers to any shale
that contains material (kerogen) which yields oil by distillation and is
distinguished from shale that contains free oil which can be extracted
with a solvent or by mechanical means. The organic debris from
which kerogen originates may accumulate either in a marine or a
nonmarine environment. Both types of accumulation are repre-
sented by the deposits in-Montana.

Oil shale of marine origin occurs as thin beds and laminae in the
Phosphoria formation of Permian age in many of the mountain ranges
in southwestern Montana (Bowen, 1918, p. 319; McKelvey and others,
1959, p. 29) (fig. 9," locality No.1). Yields vary from less than 10 to
21 gallons of oil per ton of shale (Condit, 1920, pp. 24-26). Other
occurrences have been noted by R. N. Miller (1953, ““Oil Shales in
Montana,” unpublished thesis, Montana School of Mines, pp. 17,
26-28, 59-78) in the Lodgepole and Heath formations of Mississippian
age in the Big Snowy Mountains south of Lewistown (Nos. 2, 3), and
in the Heath formation from depths of 5,065-5,094 feet and 5,259
5,279 feet in the Farmers Union Oil Co. Nason No. 1 well (No. 4).
Condit (1920, pp. 17-18) collected several samples from the Heath
formation.in T. 14 N., Rs. 1 and 2 E. (No. 5). Stebinger (1919, pp.
157-164) noted oil shale in the Blackleaf and Marias River formations
of Cretaceous age along the mountain front west of Choteau (No. 6).
Condit (1920, pp. 18-19) reported an occurrence of oil shale in the
Three Forks formation of Late Devonian age in the Jefferson River
Valley (No. 7), but the only samples which yielded more than slight
quantities of oil were predominantly coal.

Oil shale of nonmarine origin occurs as beds of light brown shale
alternating with beds of sandstone, shale, and lignite in tertiary lake-
beds up to 1,000 feet thick in intermontane basins west and southwest
of Dillon (Pardee, 1913, pp. 230-235). Richerlooking layers as much
as 5 feet thick were reported by Condit (1920, pp. 27-28) to yield about
24 gallons of oil per ton. Unweathered beds below the surface may
yield even larger quantities. The principal belt of oil shale-bearing
lakebeds extends for about 28 miles from a point near Bannack in
T.8 3., R. 11 W, south to Horse Prairie, near Grant, inT. 9 S., R. 12
W., thence up Medicine Lodge Creek (No. 8). The other occurrence
is in Muddy Creek Basin in T'ps. 12, 13, and 14 S., Rs. 10 and 11 W.
(No. 9). The basin is about 12 miles long and 3 miles wide.

Oil shale has also been reported in Tertiary beds in the valley of
the Middle Fork of the Flathead River and in the Flathead Valley
above the mouth of the Middle Fork (C. E. Erdmann, personal com-
munication) (No. 10). The oil shale resembles in appearance some
of the oil shale of the Green River formation of Colorado and Wyoming.

None of the oil shale in Montana is as rich or as extensive as that
in Colorado, Utah, and Wyoming. The oil shale in the Phosphoria
formation and in the Tertiary lakebeds near Dillon may become com-
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mercial in the future, but for the present it possesses at best a latent
resource potential. The oil shale reported to occur in the Three
Forks, Lodgepole, Heath, Blackleaf, and Marias River formations,
with the exception of a few thin beds, is only slightly petroliferous.
Not enough information about the oil shale in the Flathead Valley is
known to determine its resource potential.

No development has been undertaken, and available data do not
permit tonnage estimates. The petroliferous portion of the Phos-
phoria formation is present over at least 600 square miles at the
surface or in the subsurface of southwestern Montana. The Tertiary
lakebeds in which oil shale is known to occur occupy about 280
square miles.

COAL
(By Paul Averitt, U.S. Geological Survey, Denver, Colo.)

Montana contains about 13 percent of the coal reserves of the
United States and ranks second among the States in the total quantity
originally present in the ground. Of the 222 billion tons of original
reserves currently estimated for the State, 2 billion tons is bituminous
coal, 132 billion tons is subbituminous coal, and 88 billion tons is
lignite (table 4). The estimate includes reserves to a maximum depth
of 2,000 feet below the surface, but 75 percent of the total is less than
1,000 feet below the surface.

TaBLE 4.— Estimaied original coal reserves in Montana

(In millions of short tons)

‘ Bituminous Subbitu- Percent of
County coal minous coal Lignite Total total original
reserves
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The Montana coal fields cover 51,000 square miles, or about
35 percent of the total area of the State (fig. 10).! Reserves are
present in 35 out of 56 counties, but are concentrated in the eastern
part of the State. Big Horn, Powder River, and Roesebud Counties
alone account for more than half of the total in the State. Parts of
the coal-bearing area totaling nearly 5,000 square miles and repre-
senting about 10 percent of the area of coal-bearing rocks have been
omitted from consideration in preparing the reserve estimates because
of the lack of detailed information. 'The areas omitted are concen-
trated for the most part in the northeastern corner of the State where
the coal-bearing rocks are concealed by glacial drift. In many of the
areas included in the estimates, beds remote from outcrops or at depth
were also omitted. As mapping and exploration are continued in
Montana it is certain the additional coal will be discovered and that
the total estimated tonnage will be increased accordingly.

The Montana coal fields can be divided into two major regions,
the Fort Union, or eastern region, and the north-central region; and
into many subordinate fields and areas as shown on figure 10. The
more important of these are discussed briefly in the following para-
graphs:

FORT UNION REGION

The Fort Union region includes most of the eastern third of Mon-
tana and is underlain by rocks of the Fort Union formation of
Paleocene age. It contains more than 90 percent of the coal reserves
of the State. Coal is present in each of the three members of the
formation, and is especially widespread in the uppermost Tongue
River member. Individual coalbeds are discontinuous, and they
vary greatly in thickness so that correlations between beds in different
areas are difficult to establish. In general, however, the coalbeds
increase in number and thickness to the west and south. In the
western and southern part of the region, for example, as many as 20
beds are present, some of which are as much as 40 feet thick.

Most of the present and past mining in the region has been concen-
trated in Custer, Powder River, Richland, Rosebud, and Sheridan
Counties. Because the coal is flat lying and locally near the surface,
most of the mining is by stripping methods. Two large strip mines
in Richland County account for most of the present production in the
region. Much of the lignite produced in Richland County is con-
sumed in the steam-electric generating plant of the Montana-Dakota
Utilities Co. located at Sidney. During 1962 the Montana Power
Co. acquired the coal property of the Northwest Improvement Co.
(Northern Pacific Ry.) at Colstrip, in Rosebud County, about 25
miles south of Forsyth. At this locality the 28- to 30-foot Rosebud
bed is underlaid at an interval of 6 to 8 feet by the 7- to 10-foot McKay
bed. Drilling exploration of these beds has been carried out in antici-
pation of resuming mining coal for a new steam-electric plant now in
the planning stage.

The rank of the coal in the region increases progressively westward
from lignite at the North Dakota line to subbituminous C west of
Miles City and to subbituminous B farther west in southern Rosebud
and eastern Big Horn Counties. A line on the accompanying map
(fig. 10) shows the approximate boundary between lignite and sub-

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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bituminous coal. The change is very gradual, however, and the dif-
ference between coal on opposite sides of the line is negligible.

BULL MOUNTAIN FIELD

The Bull Mountain field is mainly in Musselshell and Yellowstone
Counties. The coal is concentrated in the Tongue River member of
the Fort Union formation, but thin and impure beds occur in the
underlying Lebo and Tulloch members. The main, central part of
the field 1s a broad, shallow, west-trending synclinal basin in which
the dips are nearly horizontal. At the west end of the basin, however,
the coal-bearing rocks extend to the west and northwest in two sharply
accentuated anticlines in which the dips steepen to a maximum of 36°.

Most of the mining in the field is in Musselshell County, where
underground methods are generally employed. In 1961 there were
seven operating mines in the county, which accounted for about
80 percent of bituminous and subbituminous coal production in the
State. Mining is concentrated in the Roundup and Carpenter Creek
beds, which are about 50 feet apart stratigraphically. The Roundup
bed, which is 4 to 6 feet thick near Roundup, is mined in the northern
and northwestern part of the field. The Carpenter Creek bed is
mined in the northeast part of the field, where it is 4 to 8§ feet thick.
The coal is of subbitumimous A and B ranks.

NORTH-CENTRAL REGION

The north-central region (fig. 10) comprises four areas which differ
in one or more aspects because of structure, age of coal-bearing rock,
or rank of coal. These four areas are described below under separate
headings as follows: Great Falls field, Lewistown field, area sur-
rounding the Bearpaw Mountains, and the Blackfeet-Valier area:

Great Falls field —The Great Falls field is in Cascade and Judith
Basin Counties. It extends in a generally eastward direction for a
distance of 60 miles from a point 25 miles southwest of Great Falls
to a point southeast of Stanford. The coal-bearing rocks in the field
dip gently northward away from the north flank of the Little Belt
Mountains. The coal occurs at a single stratigraphic horizon in the
upper part of the Morrison formation of Late Jurassic age and is
geologically the oldest coal in the State. Because of downwarp and
erosion in post-Jurassic time the coal horizon is discontinuous, but is
preserved in three basins, which define three producing districts.
These are known, from west to east, as the Sand Coulee, Otter Creek,
and Sage Creek districts.

In the Sand Coulee district, which is the most important of the
three, the coal bed is 4.6 feet thick at Belt, 8.0 feet at Sand Coulee,
7.5 feet at Smith River, and averages about 4 feet at Hound Creek.
In the Otter Creek district the coal is 3 to 6 feet thick and is sepa-
rated into twoe benches by a bone parting. In the Sage Creek dis-
trict south of Stanford the coal commonly occurs in three benches,
which in total contain 2.5 to 7.0 feet of coal. The lower bench is
typically 2 feet thick and contains the best coal.

The coal in the Great Falls field is of high volatile B and C bi-
tuminous ranks and is moderately high in heat value. In the Sand
Coulee district, certain benches, some as thin as 7 to 9 inches, have
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coking properties and have been used in the manufacture of coke.
The Anaconda Mining Co. formerly operated a battery of beehive
coke ovens at Belt, but these were abandoned many years ago, in part
because of the difficulty and expense of separating coking from non-
coking coal by handpicking, and in part because of the decline in use
of the blast furnace in nonferrous smelting.

Lewistown field.—The Lewistown field is in Judith Basin and Fergus
Counties, centering around Lewistown, and is an eastward extension
of the Great Falls field. As in the Great Falls field, the coal occurs
in several different basins at or near a single stratigraphic horizon in the
Morrison formation. Where mined, the coalbeds range in thickness
from 2.5 to 8.0 feet and commonly oceur in two or more benches
separated by bone partings.

Area surrounding the Bearpow Mountains.—North of the Great
Falls and Lewistown fields, in Hill, Toole, Liberty, Chouteau, Fergus,
and Blaine Counties, is an area of 10,500 square miles underlain by
flat-lying coal-bearing rocks. These rocks are largely concealed by a
cover of glacial drift. The coal in this area occurs primarily in the
Judith River formation and to a minor extent in the Kagle sandstone,
both of late Cretaceous age. At one locality coal is mined from a bed
in the Fort Union formation of Paleocene age.

Most of the coal in the Judith River formation occurs in two thin
discontinuous beds in the upper 75 feet of the formation. In the Milk
River field in Blaine and Hill Counties these beds are being mined for
local use near Chinook and formerly were mined north of Havre. At
these localities the coal ranges in thickness from 2.5 to 6.7 feet, but is
impure and contains bone partings.

The coal in the Eagle sandstone occurs as thin lentils in the basal
part of a 75-foot unit of carbonaceous shale, but is too thin and too
low grade to be minable, except locally. Insofar as known, none has
been mined since about 1925.

A bed of coal in the Fort Union Formation is mined at the Rocky
Boy mine in sec. 31, T. 29 N., R. 15 E. to supply local demand at the
Rocky Boy Indian Reservation.

The coal in the area surrounding the Bearpaw Mountains is typically
of subbituminous A and B ranks, but in northwest Liberty and north-
east Toole Counties is of high volatile B bituminous rank as a conse-
quence of proximity to the Sweetgrass Hills intrusive uplift.

Blackfeet-Valier area.—The Blackfeet-Valier area extends in a
narrow belt from the Canadian border south through Glacier, Pondera,
and Teton Counties to a point about 30 miles south of Choteau. The
coal in this belt occurs at three or four stratigraphic horizons in the
Two Medicine formation, and at two horizons in the St. Mary River
formation, both of late Cretaceous age, but the beds are generally
thin and discontinuous. All the coal is of high volatile B and C bi-
tuminous ranks.

In the Valier field in Pondera County coal in the lower part of the
Two Medicine formation is 20 to 24 inches thick, including a 2-inch
clay parting, and the beds are gently dipping. This area has been
dormant since the early 1930’s.

In the Blackfeet Indian Reservation in Glacier County coal has
been mined in the past from beds in both the Twoe Medicine and
St. Mary River formations. The coal in this area is locally as much
?S Z1’>.5 feet thick, but the beds are steeply dipping and are broken by

aults.
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BRIDGER AND SILVERTIP FIELDS

The Bridger and Silvertip fields are part of a northern extension of
the Bighorn Basin of Wyoming into eastern Carbon County, Mont.
The coal in these fields 1s of high volatile C bituminous rank. Coal
beds oceur at three stratigraphic horizons in the Kagle Sandstone of
Late Cretaceous age. The beds are discontinuous, and coal of usable
thickness is present at only one horizon in any one locality. Mining
has been carried on near Joliet and Fromberg, and also at Bridger.

RED LODGE FIELD

The Red Lodge field is also in Carbon County about 20 miles west
of the Bridger and Silvertip fields. The coal in the Red Lodge field is
also of high volatile C bituminous rank. Kight beds in the Fort
Union formation have been mined in the vicinity of Red Lodge and
Bear Creek.

ELECTRIC FIELD

The Electric field covers an area of less than 20 square miles in
central Park County. The field is part of a folded and downfaulted
block in which coal-bearing rocks of Late Cretaceous age have been
preserved. Over most of the area of the field the coal-bearing rocks
are deeply buried but they are exposed locally in two small synclines
covering an area of about 3 square miles. Where exposed the coal-
bearing sequence is about 300 feet thick and includes three coal beds,
each ranging in thickness from 3 to 5 feet, including partings. The
uppermost bed, the only one mined, is of high volatile A bituminous
rank. In the past coal from this bed was used to manufacture coke
for smelters at Anaconda and at Butte. The use of this coke was
discontinued because the operators were unable to meet smelter
specifications for a coke containing less than 18 percent ash, but other-
wise the coke was reported to be of good quality.

LIVINGSTON-TRAIL CREEK FIELD

The Livingston-Trail Creek field extends in & narrow strip across
three townships in Gallatin and Park Counties. The coal-bearing
rocks in this field are probably stratigraphically equivalent to rocks
in- the HElectric field, 30 miles to the east, and are strongly folded,
faulted, and locally overturned. The coal-bearing sequence contains
several coalbeds, each ranging in thickness from 2 to 5 feet, including
partings. The coal ranges in rank from high volatile C to A bitumi-
nous, depending in part on the amount of deformation. Prior to
1908 coal near Cokedale was mined and used for the manufacture of
coke; at one time 100 beehive ovens were in operation.

As noted in previous paragraphs, three areas in Montana—the
Great Falls, Livingston-Trail Creek, and Electric field—yield coal
with coking properties. In the past coal from each of these fields
was used to manufacture coke, but the product was inferior to or
more expensive than coke manufactured elsewhere and the operations
were abandoned.

The cumulative recorded production of coal in Montana from the
date of earliest record to January 1, 1962, totals 171 million tons,
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and actual production has probably been somewhat larger. In com-
mon with most other Rocky Mountain States, annual production in
Montana has declined drastically in recent years. Between 1944 and
1958, for example, production declined from a maximum of 4,844,000
tons to a minum of 305,000 tons (fig. 11). Since 1958, production has
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increased slightly but in 1961 the production was only 371,000 tons.
The decline in production is attributed to the replacement of steam by
diesel-driven locomotives, to the increased use of oil and natural gas
for the generation of electric power, to the increased use of hydro-
electric power, and to the increased use of natural gas and liquefied
petroleum gases for residential and commercial heating.
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METALLIC AND INDUSTRIAL MINERAL RESOURCES
INTRODUCTION
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

The early development of the mineral resources of Montana was
almost entirely directed toward the metallic minerals. As in so many
parts of the West, gold was the initial goal of the early miners and
prospectors. Fxploitation of other metallic deposits soon followed,
but it was not until a larger and more diversified population arrived
that other mineral resources drew attention. By the early 1900’s,
Montana had a significant population engaged in ranching, lumbering,
and commerce, and the need for some of the less glamorous mineral
commodities began to be felt. Cement, stone, sand and gravel were
used in increasing quantities for roads and building construction.
The rapid changes and advances in technology created demands for
many mineral products formerly considered of little or no value.
Vermiculite is an outstanding example; it was not until the initiative
and vision of a few people developed some of the many present-day
uses for vermiculite that it was considered a mineral commodity at all.
There are many other similar examples. The net result of Montana’s
growing population and industrial variety is the long list of mineral
commodities now produced in the State. Although the metallic
minerals are as important as ever, and although Montana remains a
leading producer of them, the importance of nonmetallic minerals
continues to grow. As will be seen in the text that follows, not only
the quantity, but the variety, of Montana mineral production is
great.

ANTIMONY, ARSENIC, BISMUTH, CADMIUM, GERMANIUM
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

These elements, chiefly recovered as byproducts, are present in
different ores and in varying degrees of abundance; all except arsenic
are in relatively short supply.

Antimony and bismuth are soft, silver-gray metals with low melt-
ing points. Both are rare in the United States. Antimony is re-
covered as a byproduet from silver refining (almost all U.S. production
comes from the Sunshine mine in Idaho), and bismuth is a byproduct
from certain lead ores, including those from Butte. The Anaconda
Co. produces the only bismuth recovered from Montana ores. Anti-
mony ores (stibnite) are mined in some parts of the world but, al-
though no economic deposits are presently known in the United States,
some deposits in Sanders County once produced a little more than
200 tons of ore.

Both metals are used in alloys such as type metal, babbitt metal,
ammunition, battery lead alloys (antimony), aluminum alloys, mal-
leable iron and steel, pharmaceuticals, and laboratory chemicals
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(bismuth). Antimony oxide is used in the plastics industry. Most
of the U.S. supply of both metals is imported.

Butte produces almost the entire domestic supply of arsenic, and
could increase its production by many times if required (John R.
Cooper, U.S. Geological Survey, written communication, 1960).
The arsenic is contained mostly in the mineral enargite, an important
copper ore mineral at Butte, and is recovered from the smelter at
Anaconda principally to prevent contamination of the surrounding
area with poisonous arsenical fumes.

Chief use of arsenic is as the oxide As,O, (white arsenic of com-
merce) and caleium arsenate, for insecticides, pesticides, and cattle
and sheep dips. Arsenic compounds are also used in wood preserva-
tives, dyestuffs, weed killers, glass manufacture, fireproofing, and
hide-tanning compounds.

Present supply far exceeds demand, and prospecting for mineral
deposits to produce arsenic for the market at present does not offer
much promise.

Cadmium is a soft, silver-white metal that is markedly rust resistant.
Chief uses for cadmium are in electroplating automobile and aircraft
engine parts, radio and television parts, nuts and bolts, and as an alloy
in bearing metals, low fusion-point metals, photography, paint pig-
ments, and dyes.

Cadmium is recovered almost exclusively as a byproduct from zine
smelting. The Anaconda Co. recovers it from Butte ores, and in
1960 was the only producer in Montana. Current U.S. needs are
adequately supplied from this and other domestic zinc producers.

Germanium is an extremely rare element. When pure it is a white,
brittle, crystalline metal. It is recovered principally from certain
zine ores (Fisher, 1960, pp. 1252-1253). Chief uses are for transistors,
diodes, and rectifiers 1n the electronics industry. Tt is also used
sparingly as a color modifier in fluorescent lichts. Germanium is
known to occur with enargite and some sphalerites (Fleischer, 1961),
but no production has been reported from Montana.

ASBESTOS
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

Asbestos is the term given a group of silicate minerals with fibrous
habit, which can be separated into very thin, more-or-less flexible
fibers. Asbestos minerals are of two types: chrysotile, which forms
from serpentine, yields highly flexible, tough fibers, which, if long
enough, can be spun and woven; and amphibole ashestos, which
produces brittle fibers that cannot be woven but can be mixed with
binders such as cement, plaster of paris, or resins to make useful prod-
ucts (Jenkins, 1960, p. 49).

Chief uses for asbestos are as thermal and electrical insulation.
Fireproof clothes, gloves, and curtains are made from chrysotile as
are clutch facings, brake linings, and gaskets for the automotive
industry. Amphibole asbestos 1s used in fireboard, shingles, furnace
coverings, and similar uses not requiring flexibility.

Asbestos has been reported at four places in” Montana (fig. 12)
(Chidester and Shride, 1962). Chrysotile occurs at CLff Lake,

* Nore.—Figure indicated appears as a folded map at the rear of this document.
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Madison County, and at the Anderson deposit southwest of Armstead,
Beaverhead County (Perry, 1948, p. 35). Several attempts have
been made to produce asbestos from the Cliff Lake deposit but, as of
1959, none were successful. Activity at the Anderson deposit has
been confined to prospecting (Sahinen and Crowley, 1959, p. 4-5).

Although no other deposits of chrysotile asbestos are known in
Montana, metamorphosed dolomites in the Precambrian rocks of
southwestern Montana consititute a favorable environment for their
occurrence, and the potential exists for discovery of minable deposits.

Amphibole asbestos was mined at the Karst deposit, 35 miles south
of Bozeman. The deposit was operated by Interstate Products Co.,
Bozeman. Production prior to 1959 was approximately 1,800 tons;
the mine is now inactive and remaining reserves appear small.

Large quantities of amphibole asbestos (tremolite) are present at
the Rainy Creek vermiculite deposit near Libby. No attempts have
been made to market the material as yet, but commercial exploitation
may be possible.

BARITE
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

Barite is a white, heavy (specific gravity about 4.5), relatively soft
crystalline mineral with the composition BaSO,. It occurs in veins
and replacement deposits, either alone, with quartz, calcite and
similar minersls, or commonly as a gangue mineral in metallic sulfide
deposits (Brobst, 1958, p. 83). Commercial deposits generally
contain few impurities. Market price for crude barite in 1961 was $18

er ton.
P A major use for barite is in drilling muds, for which it is normally
ground to minus 325 mesh and mixed with bentonite to keep it in
suspension. The resulting muds are used in oil well drilling, where
their high specific gravity assists in controlling oil and gas pressures.

A second important use is in lithopone, a mixture of barite and zine
sulfate used as a white pigment in paint. Other uses are in glass manu-
facture; filler in paper, asbestos products, linoleum, textiles, and rubber
goods; and for a variety of produets in the chemical and drug indus-
tries. Annual domestlec consumption of barite and its derivative
materials ranges from about 1% to 2 million tons, of which about one-
third is imported (Brobst, 1960, p. 59).

There are three productive deposits in Montana; two are near
Greenough, about 25 miles east of Missoula. One of these, the Elk
Creek deposit (fig. 13,'locality No. 1) was discovered in 1950, and
mining began shortly thereafter (DeMunck and Ackerman, 1958,
p. 12). The other, the Coloma vein (No. 2), about 2 miles to the
south, was discovered in 1955, and mining began in 1956. The barite
has been used mostly for drilling mud. The deposits are fracture
fillings of relatively pure crystalline barite; principal impurity is a
mixture of wall rock (principally Belt series) that has been faulted
into the vein.

Some shipments have been made from the Kennelty deposit, about
35 miles southeast of Libby, Lincoln County (No. 3), where barite
oceurs in a massive vein cutting Belt argillites. Similar barite veins
aré known elsewhere in western Montana, and several may be large

1 Nore—Figure indicated appears as a folded map at the rear of this document.
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enough to justify exploitation. Among them are a deposit about
4 miles south of Missoula (No. 4); the Copper Mountain veins near
Troy, Lincoln County (No. 5); the Whaley deposit northeast of
Florence, Missoula County (No. 6); the Shook vein, between Woods
Creek and Deer Creek south of Darby, Ravalli County (No. 7); and
the Fletcher deposit north of York, Lewis and Clark County (No. 8)
(DeMunck and Ackerman, 1958, p. 17-26). A number of other de-
posits are known; some are probably sufficiently large and high grade
to constitute potentially productive deposits, provided a market can
be found for the product.

BENTONITE
(By U. M. Sahinen, Montana Bureau of Mines and Geology, Butte, Mont.)

Bentonite is the commercial name given to a type of clay consisting
essentially of the mineral montmorillonite. Bentonite exhibits certain
unusual physical properties that lead to its utilization in industry.
When wet, 1t swells greatly, and thus finds use as a watertight seal in
irrigation ditches, soils, dam foundations, and drill holes. When
mixed with water and allowed to stand it forms a gel which becomes
liquid again upon agitation. This property, known as thixotropy,
leads to its use in drilling muds to keep heavy minerals in suspension.
Bentonite is also used as a bonding agent in foundry sands, as a filler
and carrier in insecticides and fungicides, and as a filler in paper. A
variety found in southeastern United States swells less than western
bentonite, and is used as an adsorbent and decolorizer. Some Montana
bentonite has been used as a binding agent in pelletizing iron ore.

Bentonite is formed by devitrification of voleanic glass. Tuff beds
of Cretaceous and Tertiary age are widespread in Montana, Wyoming,
the Dakotas, and elsewhere in western United States. Many, particu-
larly in Cretaceous rocks, have been altered to bentonite, and some of
the larger and more accessible deposits are mined. The main use is
for foundry sands and in drilling muds; therefore, most of the bentonite
produced has come from deposits near oilfields or iron and steel centers.

Bentonite occurs in many parts of Montana (fig. 14).! In the south-
western part of the State 1t occurs as beds of highly altered volcanic
ash interbedded with soft clay-shale, sand, and gravel in the Tertiary
sediments of the intermontane valleys. The bentonite beds vary in
thickness from a few inches to beds measurable in tens of feet; quality
also is variable. The clay has been mined on a small scale near Greg-
son and near Melrose, both in Silver Bow County, but the deposits,
as a whole, have not been surveyed, and estimates of reserves cannot
be made. Some of the bentonitic clays and soils of the larger valleys
of southwestern Montana have been tested and found suitable for
compacted irrigation canal-lining (Green and Agey, 1960, Everett and
Agey, 1960 and 1961).

In central Montana, bentonite of good quality is found at several
places, but the best known are the deposits in the Hardin area de-
scribed by Knechtel and Patterson (1956) where some 24 beds ranging
from 3 to 45 feet thick are interbedded in a shaly sequence 4,800 feet
thick. Regarding these deposits Knechtel and Patterson (1956, p.
48-49) state:

* * * heds of minable thickness lying in belts more than 50 feet wide under
less than 30 feet of overburden are estimated to contain about 110 million short

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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tons of bentonite * * *  Apparently, all the beds contain some bentonite that
is suitable for use as foundry clay. * * * Some of the bentonite of this district
also could be used as an ingredient of drilling mud, but most of it is not com-
parable in quality to the best grades of drilling clay mined in the Black Hills
distriet. * * *

A small bentonite-processing plant has been operated by the
Wyotana Mining Co. at Aberdeen siding, 6 miles south of Wyola,
but the clay came from the Wyoming side of the State line. Ben-
tonite, from a deposit near Geraldine, in Chouteau County, in central
Montana has been used for lining irrigation ditches.

Bentonite of good quality has been produced from Carter County
in the Montana section of the Black Hills district in southeastern
Montana. Here nine beds of bentonite with average thicknesses
ranging from 1 to 5 feet occur in about 3,000 feet of shaly sediments
of Cretaceous age. The quality ranges from very poor to excellent.
Only one bed, the Clay Spur bed in the Mowry Shale, has been
mined, but material from this bed ranks from good to excellent in
quality. Bentonite from the Black Hills district is usable as an
ingredient in drilling muds, for preparation of metallurgical molding
sand of superior strength, and for bonding material in pelletizing
taconite iron ore of the Lake Superior district (Knechtel and Patter-
son, 1962, p. 1).

CHROMIUM
(By Everett D. Jackson, U.8. Geological Survey, Washington, D.C.)

Chrome ore has been one of the critical commodities of the United
States for many years. At present, no domestic chrome deposit can
compete with foreign ore, either by reason of low grade, small size, or
remote location. However, over 80 percent of the potential chromite
resources of the Nation are in Montana. In the past, these deposits
have been mined under contracts with the U.S. Government, but in
the future they may become economic in their own right. They are,
therefore, important in any resource evaluation of the State.

Consumption of chrome ore in the United States averages about
1.3 million short tons per year, for three principal uses: (1) metal-
lurgical, (2) refractory, and (3) chemical. Metallurgical use con-
stitutes about 55 percent of the total; chromium is added to improve
the strength and corrosion resistance of steel, and in the production
of other ferroalloys and chromium metal. Refractory use consumes
about 30 percent of the total chrome ore in the manufacture of bricks
for lining open hearth steel and other high-temperature furnaces.
Chemical use amounts to about 15 percent of the total for the manu-
facture of sodium dichromate for tanning, pigments, and electro-
plating. Historically, the metallurgical, refractory, and chemical
industries have specified different types of chrome ore for these uses.

The mineral chromite is the only commercial source of chromium,
However, pure chromite contains four major metallic constituents—
chromium, aluminium, magnesium, and iron—and its composition
varies widely. For example, the chromic oxide (Cr.0;) content of
natural pure chromite ranges from more than 60 weight percent to
less than 30 and its Cr:Fe ratio ranges from more than 4:1 to less than
1:1.  In addition to chromite, commercial chrome ores contain small
amounts of gangue minerals of which silica (S10;) is an important
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constituent. The ‘‘standard” specifications for metallurgical-grade
chrome ore call for 48 percent Cry0;, a Cr:Fe ratio of 3:1 and an SiG,
content of less than 5 percent. Refractory-grade ores should have
Cry0; plus ALO; in amounts greater than 57 percent and Fe and SiO,
must be low. Specifications for chemical-grade ore are more variable,
but in general it should be high in CryO; and low in ALO; and SiO..
These specifications interest metallurgical and chemical users only
insofar as they affect the cost of extracting chromium, and are subject
to change with economic factors. Thus, in 1961, about 15 percent
of the chrome ore used in the metallurgical industry was chemical-
grade (Prokopoviteh and Heidrich, 1962, p. 432).  Users of refractory-
grade chrome ores, however, are concerned with the physical properties
of the chromite itself, and until recently high-iron chromites were
unsuitable for chromite refractories. However, successful service
trials of refractories made from chemical-grade chromite have recently
been reported (Heiligman, Mikami, and Samuel, 1961).

Chromite deposits may be classified into three principal types (1)
stratiform, (2) podiform, and (3) placer. Stratiform chromite de-
posits occur in the lower parts of great tabular gabbroic intrusions
as uniform layers that commonly can be traced for miles.- Podiform
chromite deposits occur as irregular lenses in dunite or troctolite of
alpine mafic intrusions. Placer-chromite deposits are derived from
weathering of peridotite and chromite deposits, and occur either as
black sand, or as chromiferous lateritic iron ore. Most stratiform
chromite deposits are chemical grade, whereas podiform chromite
deposits are typically either metallurgical- or refractory-grade (Thayer,
1946; 1960).

The total measured, indicated, and inferred reserves of chrome ore
in the United States were estimated to be equivalent to about 3.5
million long tons of Cry0; in the ground as of 1956; of this total more
than 80 percent was estimated to be in Montana.! Although both
stratiform and podiform deposits oceur in the State, nearly all of the
reserves are contained in the great stratiform intrusion known as the
Stillwater Complex, in Stillwater and Sweetgrass Counties.

The chromite deposits of the Stillwater Complex occur in a belt
or ribbon across the northern front of the Beartooth Range in south-
central Montana. The belt is about a mile wide and 30 miles long,
is gently arcuate in shape, and trends from east-west to northwest-
southwest.

The deposits are stratiform in type and chemical in grade. The
chromite 1s concentrated in layers that are parallel to those of the
enclosing rocks, which are olivine- and pyroxene-rich harzburgites
and bronzitites. Chromite-rich layers, however, occur only within
the olivine-rich layers. About 13 zones of chromite enrichment,
called chromitite zones, are known, and these vary in thickness from
less than an inch to more than 12 feet. Although the chromitite
zones vary in thickness from layer to layer, and along the strike, they
are remarkably continuous. Several of them can be traced laterally
for more than 15 miles. Dips of the chromitite zones—and of the
harzburgites and bronzitites that enclose them—are steep, ranging
mostly from vertical to about 50°. The deposits extend downward
to great depths, except where terminated by major faults.

1 Estimate by T. P. Thayer and E. D. Jackson, Department of the Interior Information Service, press
release, June 5, 1957.
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The pure chromite varies considerably in composition: the Cr,O,
content ranges between 36 and 49 percent, and the Cr:Fe ratio ranges
between 0.8:1 and 2.3:1. Average values are about 43 percent Cr,0;
and 1.5:1 Cr:Fe. These compositions were obtained on laboratory
purified material; commercial concentrates made from these chromites
would contain somewhat less Cr;0;.  The composition of the chromite
in the chromitite zones tends to change in a regular way—between
different zones, along the same zone, and from bottom to top of the
same zone (Jackson, Dinnin, and Bastron, 1960; Jackson, in press).

Interest in the chromite deposits of the Stillwater Complex was
first stimulated by the war demand of 1917 and 1918 (Westgate,
1921). Several properties were developed, but no ore was shipped.
Development continued sporadically during the 1920’s and 1930’s
and a number of claims in the eastern part of the area were patented
in 1933. Schafer (1937, p. 7-20) summarized the knowledge of ore
deposits at that time. In the period 1939-45 the U.S. Geological
Survey, in cooperation with the U.S. Bureau of Mines, began a de-
tailed study of the geology and grade of the chromite deposits of the
Stillwater Complex. Results of this work, including geologic maps
and drill hole data, have been published by Peoples and Howland
(1940); Wimmler (1948); Howland, Garrels and Jones (1949); Jack-
son, Howland, Peoples, and Jones (1954); Peoples, Howland, Jones,
and Flint (1954); and Howland (1955).

In June 1941, the Anaconda Copper Mining Co., as agent of the
Defense Plant Corporation of the U.S. Government started under-
ground development for chromite in three favorable areas in the
Stillwater Complex: (1) The Benbow area near the head of Little
Rocky Creek; (2) the Mouat or Mountain View area just west of
the Stillwater River; and (3) the Gish area on the Boulder River.
Large camps and mills were constructed in the Benbow and Mouat
areas, and a camp was built at the Gish property. At Benbow, the
Anaconda Copper Mining Co. mined 200,625 long tons of ore and
milled 166,400 long tons to produce 64,791 long tons of concentrates
averaging 41.5 percent Cr,0O; and 1.61:1 Cr:He. At Mouat, they
mined 163,571 long-tons and milled 69,371 long tons to produce
26,373 long tons of concentrates averaging 38.8 percent Cr,O; and
1.44:1 Cr:Fe. Some ore was broken at the Gish mine, but none
was milled. All operations were stopped by Government order in
September 1943, when higher grade foreign chrome ore again became
available.

In 1952 the American Chrome Co. entered into a contract with
the U.S. Government to produce 900,000 short tons of Stillwater
chromite concentrates averaging 38.5 percent Cr,O;. The Mouat
mine was reopened in 1953, the mill was rebuilt, and the concentrates
were delivered to the Government stockpile at Nye, Mont. In
1958 American Chrome Co. installed & pilot plant to investigate
production of charge-grade ferrochromium by electrical reduction.
The Government contract was completed in 1961, and the mine was
closed the following year.

Fstimated chromite reserves of the Stillwater complex as of 1962,
corrected from Thayer and Jackson’s earlier estimates,? are equivalent
to 2,520,000 long tons of Cr:0; content in the grounds

2 Department of the Interior Information Service press release, June 5, 1957,
9476563~
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Podiform chromite deposits oceur in two areas of Montana: near
Red Lodge in Carbon County, and near Sheridan in Madison County.
Both areas contain a number of small deposits, and both are unusual
in that they contain predominantly chemical-grade chromite.

The Red Lodge district is a 45-mile-square area near the southeast-
ern end of the Beartooth Range just north of the Montana-Wyoming
boundary. In contrast to the stratiform deposits of the Stillwater
complex, the Red Lodge chromite deposits consist of irregular pods and
lenses in remnants of sill-like masses of serpentine. The serpentine, an
alteration product of original olivine and pyroxene rocks, oceurs as
roof pendants in gneissoid Precambrian granite. Chromite deposits
range in size from bodies a few feet square to a lens averaging 40 feet
wide by 150 feet long; they contain from a few pounds to as much as
35,000 tons of chromite. The size of the deposits is not related to the
size of the enclosing serpentine bodies, and neither chromite nor ser-
pentine extends to any great depth. The pure chromite mineral
varies considerably in composition; Cr,0; contents range from 36 to
52 percent, and Cr:Fe ratios range between 0.7:1 and 2.1:1.

Chromite was first discovered in the Red Lodge area in 1916; in
1933 Montana Chrome, Inc., was organized to develop the deposits
(Schafer 1937, pp. 21-34). In the period 1941-43 the U.S. Geological
Survey, in cooperation with the U.S. Bureau of Mines, mapped and
evaluated the chromite deposits (James, 1946; Herdlick, 1948). In
1941 the U.S. Vanadium Corp., as agent for the Government, began
development work in the area and built a mill in Red Lodge. U.s.
Vanadium Corp. mined a total of 67,943 long tons of ore, from
which were obtained 21,958 long tons of lump ore averaging about
32 percent Cry,Os, and 11,689 long tons of concentrates averaging
about 40 percent Cry0s;. Operations ceased in 1943. Hstimated
chromite reserves based on data by James (1946, p. 178) are equivalent
to about 4,600 long tons of Cry0s content in the ground.

The Sheridan deposits occur in an area in the northern part of
Madison County bounded by the towns of Sheridan, Silver Star, and
Pony. The deposits are irregular pods and lenses in sill-like masses
of altered ultramafic rocks, and are very similar to those of the Red
Lodge area. Thelargest chromite deposit reported was between 5 to 25
foet wide and 250 to 300 feet long. The chromite of the Sheridan de-
posits is somewhat lower in grade than those of the Red Lodge area;
reported Cr,O; content of clean chromite ranges from 38 to 45 percent,
and Cr:Fe ratios range between 0.8:1 and 1.3:1.

Chromite in the area was first described by Jones (1931), and later
by James (1943). The Silver Star deposit was developed by the
Silver Star Chrome Corp. in the period 1941-44, and several thousand
tons of crude lump and concentrates were produced. Small amounts
of chromite were also mined from nearby properties. All operations
stopped in 1944, and remaining chromite reserves are equivalent to
about 1,000 long tons of Cry0s in the ground.

CLAYS
(By U. M. Sahinen, Montana Bureau of Mines and Geology)

Clays have been a subject of interest and commercial significance
in Montana for many vears. Since World War II, with the growth of
industry in the State, increasing interest has been shown in clays for
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ceramic use and as raw material for the manufacture of expanded shale
lightweight concrete aggregate; and since the establishment of the
Anaconda aluminum plant at Columbia Falls in 1955, interest in
Montana clays as possible sources of alumina for the manufacture of
metallic aluminum has rapidly increased.

The term “clay” is applied to a large variety of minerals, but the
common concept is that of an earthy material which is plastic when
wet; while in the plastic state it can be molded into many shapes and
subsequently fired (baked) in kilns to a highly indurated product in an
infinite number of forms ranging from common bricks to the mosé
intricately designed pottery.

Clays can be classified into three broad categories based on com-
position and crystal structure: the kaolin group, composed essentially
of hydrous aluminum silicates, that include the highest grade ceramic
clays and most fire clays; the illite group, composed of complex
micaceous silicates; and the bentonite group, composed essentially of
montmorillonite. The bentonite group is described separately in
another section of this report.

Since 1894 Montana has produced 1,017,389 tons of clay valued at
$1,730,428. 'This includes miscellaneous clays used for heavy con-
struction and fire clay (kaolin type mostly). The value per ton of
fire clay in Montana is about four times that of other clays, excluding
bentonite. Production of clay as a source of expanded shale light-
weight aggregate was begun in 1959 by the Montana Lightweight
Aggregate Co. in Billings. The Treasurelite lightweight aggregate
plant at Great Falls began operations in 1960.

The uses of clay are innumerable and depend on quality. High
quality white-firing dickite (kaolin) clay occurs in the South Moceasin
Mountains (Dougan, 1947) but is not mined for lack of sufficient
markets within economic freight-rate distances for the high-grade
ceramic products that could be made from it. It is a high quality
whiteware clay. Similar material, but in thin beds of doubtful
economic importance, occurs on the south side of the Little Rocky
Mountains.

Figure 15" shows the locations of clay pits and clay products plants
in Montana. High-grade kaolin-type fire clay is mined at Armington,
Mont. (fig. 15, locality No. 1), where it is associated with a workable
coal bed.  Siliceous fire clay is mined at a pit on Lost Creek just north
of Anaconda (No. 2). A red kaolin clay has been mined from a
deposit on Dyce Creek (No. 3), west of Dillon, for use as refractory
patching in an electric furnace. Armington and Lost Creek fire clays
are used as refractories in the Anaconda Co.’s smelters.

Common brick clay and clay suitable for the manufacture of tile
and similar grade ceramic products has been mined from pits at
Butte (No. 4), Deer Lodge (No. 5), Missoula (No. 6), Thompson Falls
(No. 7), Whitehall (No. 8), Blossburg (No. 9), Great Falls (No. 10),
Havre (No. 11), Lewistown (No. 12), Billings (No. 13), and Fromberg
(No. 14). At present, brick plants are in operation at Helena, Great
Falls, Lewistown, and Billings. A plant at Havre is presently
inactive.

The newest use of clay in Montana is in the manufacture of light-
weight aggregate for concrete. For this use a clay is needed that will
expand to a firm cellular product when heated suddenly to the tem-
perature of incipient fusion. For economic practice this temperature

1 Nore~Figure indicated appears as a folded map at the rear of this document.
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should not exceed 2,200° F.  Many of Montana’s bentonite clays and
shales, which are useless for the manufacture of ceramic products,
are admirably suited for this purpose. At present, the Treasurelite
Co. of Great Falls utilizes bentonitic clay from the Blackleaf formation
of early Cretaceous age. In the Billings area, the bentonitic Claggett
shale of Late Cretaceous age is expandable. At Three Forks the
Builder’s Products Co. will soon be expanding shale for lightweight
aggregate from a pit in Colorado shale of Cretaceous age, a few miles
north of Logan (fig. 15, No. 15). Expandable clay shales have also
been found near most of the principal towns and cities of Montana.
In 1960 nearly 40,000 tons of clay were used for expansion into light-
weight aggregate—and the industry is due to expand.

The Montana Bureau of Mines and Geology is conducting a survey
of Montana’s clay resources, and a great many deposits have been
sampled. The sampling sites and the analyses of these samples have
been published in progress reports of the Montana Bureau of Mines
and Geology (Sahinen and others, 1958, 1960, 1962).

Although some high-alumina clays have been found in Montana, no
published data is available on their usefulness as a source of alumina
for the manufacture of metallic aluminum.

COPPER
(By A. E. Weissenborn, U.S. Geological Survey, Spokane, Wash.)

Copper is one of the metals vital to the needs of an industrial econ-
my. Prior to 1927 the United States supplied more than 50 percent

of the world’s production of copper. In 1961 domestic mine pro-
duction of 1,165,155 tons of copper was the highest of record (U.S.
Bureau of Mines Minerals Yearbook 1961, vol. 1, p. 497) but this was
only 23 percent of world production. Since about 1938 consumption
has exceeded domestic production, and the United States became de-
pendent on foreign sources to make up the deficit. However, in 1960
and 1961, domestic production and consumption were nearlyin balance.

Montana has long been one of the three important copper-pro-
ducing States. In 1961 it produced 104,000 short tons of copper, or
approximately 8 percent of that produced from domestic ores. Of
about 47,176,425 short tons of copper produced from domestic ores
from earliest records through 1961, Montana has produced 7,683,960
short tons or approximately 16.2 percent. This is a little less than
half the total production of Arizona (17,782,444 short tons), and a
Little less than that of Utah (8,392,059 short tons) (U.S. Bureau of
Mines Minerals Yearbook 1961, vol. 1, p. 499).

Tn contrast to Arizona where copper is, or has been, produced from
at least a dozen major mining districts, more than 99 percent of the
entire Montana production has come from a single area, the Summit
Valley district—better known as the Butte district. Essentially all
of the copper of the Butte district—and most of the zine, lead, man-
ganese, and silver—has been produced from an area 2% miles wide
and 5 miles long (Hart, 1935, p. 289). The copper deposits form a
series of steeply dipping veins in a fissure system of great complexity,
cutting quartz monzonite as well as dikes of aplite and quartz
porphyry. The ore, found mainly as replacements along fissures,
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contains pyrite, chalcocite, enargite, tennantite, bornite, sphalerite,
chalcopyrite, and covellite in a scant gangue of quartz (Lindgren,
1933, p. 615-616). A primary zoning of the ore has been recognized
with a central copper zone, an intermediate zone with copper and
zine, and a peripheral zone with zine, lead, and manganese. Silver
enrichment 1s common in the peripheral zone (Sales, 1914, p. 58;
Hart, 1935, p. 297).

In the eastern part of the Butte district, the veins tend to become
discontinuous, lose their identity, and break up into a series of narrow,
closely spaced transverse {ractures, known locally as horsetail struc-
ture. Ore has been mined from the “horsetail’” area for many years,
but with the successful introduction in the Butte district a few years
ago of lower cost block-caving and open pit methods of mining, the
“horsetail” area has become of increased economic significance.

Copper is found in many localities outside the Butte district. The
more important of these are the Hellgate and Radersburg distriets in
Broadwater County; the Basin, Boulder, and Wickes districts in
Jefferson County; the Hecla and Utopia districts in Beaverhead
County; the Heddleston district in Lewis and Clark County; the
Neihart district in Cascade County; the Philipsburg district in Granite
County; and the New World district in Carbon County (fig. 16).
With the exception of the ankerite-quartz-chalcopyrite deposits of the
Hellgate district (Pardee and Schrader, 1933, pp. 165-166) and the
contact metamorphic deposits of the Utopia district (Winchell, 1914,
pp. 63-64; Myers, 1952, p. 36) nearly all of the copper was mined from
deposits chiefly valuable for other metals. Total production of copper
from these districts is probably of the order of 150 million pounds, but
this represents only about 1 percent of the total production of the
State. Numerous other occurrences of copper are known in the State
but few of these have produced more than a few tons of ore. Their
locations are indicated on figure 16.!

Copper ore was known in Butte as early as 1865 but early attempts
to smelt the ore were unsuccessful. Copper mining did not begin in
earnest until 1882, when the construction of a successful smelter and
the coming of a railroad made copper mining at Butte feasible (Weed,
1912, pp. 18-19). Developmentwas rapid, and by 1896 yearly copper
production from Butte reached 100,000 tons (fig. 17) and consistently
exceeded this figure until the 1930’s with the exception of a short
period following World War I.  Since the depression years, the value
of Montana’s copper production has followed an upward trend, and
in 1961 totaled $62,400,000, a figure exceeded only in 1956 and by the
World War I peak of 1916-18. However, since 1944, only in 1961 has
the annual tonnage of copper-—as contrasted with the dollar value of
the production—exceeded the 100,000-ton figure which was so con-
sistently maintained from 1896 through 1918.

Although it is by no means inconceivable that significant copper
discoveries may be made in Montana outside of the Butte area, copper
mining in Montana for the foreseeable future is tied to the Butte dis-
trict. Despite its 80 years of continuous production, the outlook for
Butte seems brighter than it has in recent years. Development of
low-cost methods of extraction through block caving through the Kelly
shaft, and open-pit mining at the Berkeley pit, have added large ton-
nage of low-grade ore to the reserves. Recent development of the
Butte veins in depth is reported to have resulted in a significant addi-

i Nore~Figure indicated appears as a folded map at the rear of this doecument.
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tion to the reserves of high-grade ore. K. P. Shea, chief geologist,
Montana Division, Anaconda Co., stated ? recently that Butte ore re-
serves are at an all-time high. It seems, therefore, that if markes
conditions permit, Butte can continue to produce copper at an annual
rate of 100,000 tons for an indefinite period.

FLUORSPAR
(By R. D. Geach, Montana Bureau of Mines and Geology, Butte, Mont.)

Fluorspar is the commercial term for the mineral fluorite (Caly).
It displays a wide array of colors, ranging from colorless, yellow, green,
and blue, to purple. Fluorite is harder than caleite and softer than
quartz, but heavier than either one. Use is made of this latter prop-
erty as both calcite and quartz are commonly intermixed with fluorite
in nature, and an upgraded fluorspar product can sometimes be made
by using mineral dressing techniques based on specific gravity.

Major use of fluorspar is in the iron and steel and aluminum indus-
tries. In the aluminum industry, high-grade fluorspar is used to
produce hydrofluoric acid, a primary ingredient in the manufacture of
synthetic cryolite and aluminum fluoride for electrolytic reduction of
alumina. The iron and steel industry utilizes fluorspar principally
in the basic open-hearth steel process, where it reduces the viscosity
of the slag and assists materially in dissolving lumps of lime which
may have resisted fusion. Amounts as high as 10 pounds per ton of
steel may be used; and in 1961, out of a total luorspar consumption by
industry of 681,833 tons, 155,938 tons were used for this purpose
(Kuster and Schreck, 1962, p. 571).

Ceramic consumption (35,589 tons in 1961) of fluorspar is less than
that consumed in the aluminum and the iron and steel industries, but
nevertheless its use is vital in the production of enamels for coating
sfieel and cast iron, and in the manufacture of opal and flint container
glass.

Hydrofluoric acid, derived from fluorspar, is a starting material for
a diversity of chemical compounds. Refrigerants, fluo-carbon elas-
tomers, plastics, and drugs are but a few items requiring hydrofluoric
acid for their manufacture. The catalytic action of hydrofluoric acid
is used in the manufacture of high-octane aviation fuel.

Fluorspar is marketed under three grades, acid, ceramic, and
metallurgical. Acid-grade fluorspar is the source material for produc-
tion of hydrofluoric acid (1961 production, 412,155 tons) and must
contain at least 97 percent CaF, with specific limitations on quartz,
calcite, and sulfur content. Specifications for ceramic-grade fluor-
spar, however, are not as high, and depend somewhat on qualifications
set forth by the buyer; in general, acceptable raw material must con-
tain at least 95 percent CaF,, and the amount of quartz, calcite, and
iron oxide is limited. Metallurgical-grade fluorspar (1961 production,
228,181 tons) must contain at least 60 percent effective CaFy—
effective Cal, is that percentage of CaF, remaining after subtraction
of 2.5 percent Ca¥f; for each percent of Si0, in the raw material.

? The Glittering Hill 80 years later, geology; paper given at the Seventh Annual Roeky Mountain Minerals
Conference, Butte, Mont., September 1962.
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Fluorspar occurrences in Montana are many and varied. Sahinen
(1962, p. 5) has grouped the deposits into the following three geologic
provinces:

1. Deposits related to the Idaho batholith.

2. Deposits related to the Boulder batholith.

3. Deposits related to the Potassic province of central Montana.
Each will be considered separately in following paragraphs. The dis-
cussion is largely drawn from Sahinen’s report (1962).

The fluorspar deposits related to the Idaho batholith are, and have
been, the primary producers of commercial ore in Montana. Most
deposits are in the Belt series of Precambrian age, or their meta-
morphosed equivalents, and are within the contact zone of the Idaho
batholith. They are similar mineralogically in that they all contain
masses of quartz and calcite as well as fluorite.

The Crystal Mountain deposit in Ravalli County is the State’s
largest individual producer, having been brought into production in
1952 (fig. 18).! The host rock is granite and fine-grained gneiss; the
trend of the ore bodies is east-west. The fluorite ranges in color from
white or pale green to deep purple. Gangue minerals are altered
feldspar, sericite, quartz, and biotite. Massive quartz overlies the
west outcrop. Reserves are not known, but the ore is reported to
contain more than 96 percent CaF,. Presently (1962), the deposit is
mined by the Roberts Co. of California. Their product is used for
metallurgical purposes.

The Snowbird property in southwestern Mineral County and the
Spar property in the central part of the same county are in some
respects similar types of occurrences. However, they contrast with
the Crystal Mountain deposit in that they are nowhere in contact with
igneous rock. Massive quartz and calcite are present in large amounts.
Both deposits were productive in the late forties to 1950, and though
they are considered exhausted, it is conceivable that similar fluorspar
deposits might be disclosed through exploration and development
work.

The more promising fluorspar deposits related to the Boulder
batholith occur near the boundary of the granitic and surrounding
rocks. Examples are the Albion mine in eastern Granite County, the
Silver Bow deposit in Silver Bow County, the Bald Butte and Boeing
prospects in Lewis and Clark County, and the Boulder Mountain and
Normany prospects in Broadwater County. Others are the Jetty and
Weathervane prospects in Deer Lodge County. No commercial ore
bodies of fluorspar are known in any of these properties. However,
fluorite appears to be associated with the metalliferous veins, and
minable fluorspar bodies may yet be found.

The Potassic Province is an area in central Montana characterized
by alkali intrusives, particularly syenitic rocks. Tt includes the Belt,
Highwood, Bearpaw, Little Rockies, North and South Moceasin, and
Judith Mountains, and the Sweetgrass Hills. In this province fluorite
oceurs in veins and disseminations within the syenite, and as veins
and replacement deposits in the surrounding limestones. The more
promising seem to be those localized in zones in Madison Limestone
of Mississippian age. The best known are those in the Sweetgrass
Hills in Liberty County, particularly those in the Tootsie Creek area
(Ross, 1950, p. 195).

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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Other fluorspar occurrences within the Potassic Province are in the
South Mocassin Mountains, the Judith Mountains, and the Little
Rocky Mountains. Here its general occurrence is as a gangue min-
eral in gold and lead-silver veins, narrow stringers in or near fault
zones, disseminations and replacements in the Madison limestone,
and fine seams or disseminations in rocks of syenitic composition.
Even the best deposits probably are too small to be considered of
commercial significance.

An important potential source of fluorine, though not of the mineral
fluorite, is also present in Montana. The Phosphoria formation of
Permian age contains a large reserve of phosphate in the State, and
is being mined at many places (see chapter on phosphate). The
phosphate occurs as the mineral carbonate-fluorapatite, which con-
tains approximately 1 percent fluorine for each 10 percent Py0s
(Altschuler, Clarke, and Young, 1958, p. 49). No phosphate process-
ing plant in Montana is currently recovering fluorine, but under
certain conditions it is technically feasible to do so. The tonnage of
rock treated is great enough to make Montana phosphate rock an
important potential source of fluorine.

GEMS AND GEM MATERIALS
(By P. L. Weis, U.S. Geological Survey, Spokane, Wash.)

Gems and gem materials are naturally occurring substances that
combine the properties of beauty, rarity, and durability in sufficient
degree to make them prized for personal adornment.

A wide variety of minerals have been used as gems. Many of them
are found in placers, where their durability and weight permit their
concentration. A few are recovered from lode deposits.

Prices of gemstones depend on their scarcity, their beauty, and
their popularity. Prices range from thousands of dollars per carat for
best-quality rubies, sapphires, and emeralds to a few cents per carat
for some of the varieties of quartz (Jahns, 1960, p. 435). Certain
gem material is also used in industry. Diamond and corundum, be-
cause of their great hardness, are used in dies, bearings, abrasives, and
as cutting agents. Garnet is a widely used abrasive. Quartz, calcite,
and fluorite are used as piezoelectric elements in strain gages.

Montana contains several deposits and occurrences of gemstones
(fig. 19).! The most valuable are the sapphires, which have been
found in several places. In fact, the Montana sapphire deposits com-
prise the most valuable gemstone deposits in the United States.
Sapphire is the term given to the colorless, yellow, or blue varieties of
the mineral corundum (ALQO,). The red variety is called ruby. Al-
though corundum found in Montana has a variety of colors, very few
rubies have been found. However, the highly prized “cornflower
blue”” sapphire occurs in several places, and is especially characteristic
of the well-known deposits at Yogo Gulch, Judith Basin County
(Clabaugh, 1952, p. 21-22).

The importance of Montana sapphire deposits is indicated by past
productionlfigures ; $3 to $5million worthlof stones have been produced.
Material from Yogo Gulch alone, prior to 1929, was worth about $2}
million in the rough ; cut stones from that deposit have a present value

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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of more than $25 million (Clabaugh, 1952, p. 2) (fig. 19, locality
No. 1). Production from this deposit has been intermittent since
1929, but some 20,000 carats were recovered in 1958 (Sinkankas,
1959, p. 60). About 20 percent of this material was of gem quality,

Yogo Guleh sapphires oceur in a nearly vertical pyroxene-biotite
dike that intrudes Madison limestone. The dike is almost 5 miles
long and is from 8 to 20 feet in width. Sapphires are distributed
uniformly throughout the dike, and the average yield has been
estimated to range from 20 to 50 carats per ton of rock (Clabaugh,
1952, pp. 11-18). Sapphires were first found in gold placers in
Yogo (rulch some time after 1878, but the dike was not recognized as
the source of the gems until later. The deposit has been extensively
worked, both at the surface and at depth by underground methods,
since the 1880’s. The dike is altered to a soft, easily worked material
in its upper part, and thus far all production has come from this
material. Remaining reserves of altered material are about twice as
great as the amount already mined; reserves below the present work-
ings are undoubtedly many times larger (Clabaugh, 1952, p. 34).

The first Montana sapphires were found in gravels along the Mis-
sourl River northeast of Helena. These placer deposits are chiefly in
gravel beds or terraces as much as 200 feet above river level. Sap-
phires were found at Magpie Gulch (No. 2), about 15 miles due east
of Helena, and at American Bar (No. 3). Early attempts to mine the
gravels were not encouraging, and operations were mostly small and
sporadie until about 1940, when construction of dams and submergence
of some of the deposits made large-scale gold dredging possible.
Sapphires have since been recovered as a byproduct of gold dredging,
but most of these stones have been sold for industrial purposes.

The Rock Creek sapphire deposits on the north side of the West
Fork of Rock Creek, about 16 miles southwest of Philipsburg, Granite
County (No. 4), are in gravels. Fragments of igneous rock similar
to the sapphire-bearing dike near Canyon Ferry have been found, but
neither the dike nor the gems have been found in place. Sapphires
from this locality generally show a wide range of deep colors.

The upper 4 miles of the South Fork of Dry Cottonwood Creek,
Deer Lodge County (No. 5), have been worked for sapphires, but the
source rock has not been identified; recovery has apparently been en-
tirely from alluvium and residuum. Most of the stones are of poor
quality, and only a few thousand carats is believed to have been pro-
duced (Clabaugh, 1952, p. 54).

Sapphires have been reported from other localities in Montana, but
the deposits listed above appear to exceed all others in productivity
and reserves. It is of interest to note that all of the gem-quality
sapphires in Montana have come from such rocks. Deposits of
corundum are also known in metamorphic rocks in Gallatin and
Madison Counties, but no gemstones occur in these deposits (Cla-
baugh, 1942, p. 58) (Nos. 6 and 7). In terms of dollar value, the
sapphire production of Montana far exceeds that of other gemstones.

A number of other gem materials are known to occur in Montana,
and some may be better known than the sapphires. Moss agate, a
transhicent gray variety of chalcedony with black or brown dendritic
inclusions, is a well-known semiprecious stone in Montana. Large
quantities of this material are found in gravels along the Yellowstone
River between Billings and Glendive. No commercial workings are
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known; collectors and gemcutters pick the rough stones from gravel
bars along the river. The polished slabs cut from them are distinctive
and are widely distributed in gift, souvenir, and rock shops. The
quantity of moss agate collected each year in Montana is unknown but-
it is undoubtedly large enough to be of considerable value.

The Pohndorf amethyst mine, about 2 miles northeast of the Toll
Mountain picnic grounds in southwestern Jefferson County (No. 8),
was worked for many years. Clear, smoky, and amethystine quartz
were recovered from cavities in pegmatite (Sinkankas, 1959, p. 356).
This deposit is now believed to be worked out, but similar occurrences
are known in the area.

Almandine garnet, occurring as small but good quality grains and
fragments, is abundant in the gravels of the Ruby River upstream from
Alder, Madison County (No. 9). Rhodochrosite, a pink manganese
carbonate ore, has been mined from deposits in Butte (No. 11) and
Philipsburg (No. 12) and some specimens have been collected for
gem material. Rhodonite, & pink manganese silicate, has also been
mined at Butte. Gem quality quartz is known in a number of places,
as is silicified wood. Clear calcite, which is sometimes used as a
novelty gem, has been mined from several viens in Park (No. 13) and
Sweet Grass (No. 14) Counties for use in optical instruments (Stoll
and Armstrong, 1958). (See also chapter on optical calcite.)

GOLD
(By A. E. Weissenborn, U.S. Geological Survey)

Most of the data on the individual gold-producing districts of
Montana have been abstracted from an unpublished treatise on the
occurrence of gold in the United States by A. H. Koschmann and M. H.
Bergendahl of the U.S. Geological Survey. Because of the untimely
death of Mr. Koschmann, publication of this volume has been delayed.
Mr. Bergendahl has kindly allowed the writer to make use of the
chapter on Montana in preparing this report. Without access to the
great mass of information so painstakingly compiled from many sources
by these men, the following summary could have been prepared only
in a most superficial form.

Gold has been prized since earliest times and has been mined in
almost every part of the world. Because of its wide distribution, its
relative scarcity, and its indestructibility, it has been used for monetary
purposes since the beginning of history. Because of its beauty, its
resistance to tarnish and corrosion, its malleability, and its high value,
it is much used for jewelry and in the decorative arts. It has limited
but important uses in industry.

Although Montana currently ranks only about ninth among the
gold-producing States, the discovery of gold and the resultant influx
of population had much to do with the early development of the State.
Total gold production is not accurately determinable, but best esti-
mates (U.S. Bureau Mines Minerals Yearbooks 1960 and 1961) credit
Montana with a production from 1862 through 1961 of 17,657,400
ounces valued at $402,475,000, including both placer and lode gold,
or about 6 percent of the total U.S. production. The bulk of the placer
gold was produced before 1875 and probably most of it in the 1860%.
From 1904 to 1961, as compiled from Mineral Resources and Minerals
Yearbooks, the total gold production has been 6,219,865 ounces, of
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which 5,225,462 ounces has been derived from lede mining and
994,403 ounces from placer mining. Montana has 52 districts, in 17
counties, that have produced in excess of 10,000 ounces of gold each.
Four districts—DButte, Helena, Marysville, and Virginia City—have
produced more than 1 million ounces, and 27 districts have produced
between 100,000 and 1 million ounces.

Many of the gold deposits of Montana and their associated placers
are found near the margins of granitic rocks or in roof pendants in
these rocks. As shown by Pardee and Schrader (1933), most of the
principal gold districts are centered around the Boulder batholith and
its satellite stocks (fig. 20! and fig. 4). All of the Montana gold
deposits except those at Jardine are late Cretaceous or Tertiary in
age; the Jardine deposits are regarded as Precambrian.

In Montana, as elsewhere in the West, placer gold deposits were
the first ore deposits to be discovered. The placers along Gold Creek
in Powell County, which were found in 1852, were the first discoveries
of placer gold in Montana (Liyden, 1948, p. 118), but the discovery in
1862 of the placers along Grasshopper Creek near Bannock in Beaver-
head County started the influx of progpectors into Montana (Winchell,
1914, p. 18). Other discoveries followed in rapid succession in-
cluding the very rich deposits along Alder Gulch near Virginia City,
which became the most extensive and productive in Montana. The
Last Chance placers on the present site of Helena were discovered in
1864 (Knopf, 1913, p. 15) as were the placers in the Butte district
(Weed, 1912, p. 18; Liyden, 1948, p. 144-145). Placer mining flour-
ished during the late 1860’s. Some of the deposits were quickly
exhausted, but others were worked on a substantial scale until World
War II. Since then very little placer mining has been done.

The first lode mine in Montana is said to have been discovered in
1862 in the Bannock district (Shenon, 1931, p. 27). Among the
early rich lode discoveries were the Whitlatch-Union in the Helena
district in 1864-—the first patented claim in Montana—(Knopf, 1913,
p. 15), several lodes in the Sheridan district (Winchell, 1914, p. 133),
in the Argenta district (Winchell, 1914, p. 69), all in 1864, and several
lodes in the Silver Star district in 1867 (Winchell, 1914, p. 139-140),
including the Greene Campbell—the second claim patented in
Montana. Lode production first became significant in the 1870’s
but until rail transportation became available in 1882 and 1883 only
the richest ores could be mined.

Gold mining in Montana has followed a more or less regular pattern
in most districts. Most of the bonanza placers and the richest and
more easily mined lode deposits were exhausted in an initial period of
feverish activity. Mining declined temporarily, but a second and
longer period of activity ensued during which dredging and other
mechanized methods replaced hand operations of the placer mines,
and mills were constructed to treat lower grade ore at the lode mines.
Production declined sharply as costs increased after the First World
War. Mining reached a low ebb in the early 1930’s but underwent
a dramatic revival when the United States went off the gold standard
in September 1933 and the price of gold was officially raised in
January 1934 to $35 an ounce (fig. 21). Gold mining declined
drastically after October 1942 when a governmental order (L-208)
prevented acquisition of vital supplies. Many gold mines were re-
opened after the end of the Second World War but few were able to

1 NoTE.—Figure indicated appears as a folded map at the rear of this document.
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continue for more than a few years. In the face of rising costs, gold
mining as such declined drastically, and since about 1950 most of
Montana’s production of gold has been derived as a byproduct from
base metal mining—chiefly at Butte. Lode gold mining in Montana
is now essentially confined to small operations, and placer gold mining
has nearly ceased to exist; production from this source was only 132
ounces in 1961, and 135 ounces in 1960. Figure 21 illustrates this
decline very clearly. The story of gold mining in Montana thus is
largely a recital of past glories. Montana will continue to produce
substantial quantities of gold from the operation of its base-metal
mines but only a drastic change in the price of gold relative to that of
other commodities would induce a revival of gold mining such as
occurred in the 1930’s.
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Fieure 21.—Montana gold production, 1900-61.

The occurrence and production of gold by counties is summarized
in the following pages and the salient features of all of the Montana
districts which have produced 10,000 or more ounces of gold are
tabulated on table 5. The locality numbers in the text and the
tabulation correspond to the numbered locations on figure 20, which
has been taken from Koschmann and Bergendahl’s report (1962).

BEAVERHEAD COUNTY

Beaverhead County has produced at least 370,000 ounces of gold,
but early records are incomplete. Before 1900, production from
placers was probably considerably larger than production from lodes.
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From 1904 through 1958 the county has a recorded production of
116,350 ounces of lode gold and 14,800 ounces of placer gold.

The gold deposits are found chiefly in the northern hall of the
county where the Mount Torry granitic stock and several smaller
satellite lobes have intruded Precambrian, Paleozoic, and Mesozoic
sedimentaty rocks (Corry, 1933, fig. 6). Most of the gold came from
the Bannock, Argenta, and Bryant (Hecla) districts (localities 1, 2,
and 3). The placer deposits in the Bannock district were the first
significant gold discoveries in Montana and were responsible for the
first rush to the territory., The Bannock district was also the site of
the first lode discovery in Montana (Shenon, 1931, p. 27).

BROADWATER COUNTY

The placers of Broadwater County were among the most productive
in the State. Records prior to 1903 are not available but from 1904
through 1959 the county has a recorded production of 318,000 ounces
from lodes and 34,000 ounces {rom placers. Lode gold production
prior to 1903 probably was small. The total gold production from
the county from the beginning of mining through 1960 is probably
between 900,000 and 1,225,000 ounces. Production has come mainly
from two rich placer districts (Confederate Gulch and White Creek)
(Nos. 4 and 5) on the west flank of the Big Belt Mountains, and the
Winston, Park, and Radersburg districts (Nos. 6, 7, and 8) on the
east side of the Elkhorn Mountains.

CASCADE COUNTY

Gold production in Cascade County came almost entirely from lode
deposits in the Neihart (Montana) district (No. 9). Gold is chiefly a
byproduct from the mining of silver-rich, base-metal ores. The total
recorded gold output of the district is about 67,000 ounces. The more
important ore deposits oceur as veins in Precambrian gneisses, schists,
and diorite; along contacts of these rocks with Tertiary intrusives and,
in a few instances, as low-grade disseminated deposits in Tertiary in-
trusive bodies. Gold is dominant only in the Snow Creek area where
the gold-silver ratio of the ores is high.

DEER LODGE COUNTY

Deer Lodge County has produced both placer and lode gold. The
Georgetown district (No. 11) has yielded most of the lode gold; the
French Creek district (No. 10) most of the placer gold. Records of
early production, particularly of placer gold, were not kept but the
county is believed to have yielded at least 470,000 ounces of gold,
about 425,000 ounces of which was from lode mining. The most pro-
ductive mines were the Cable and the Southern Cross in the George-
town district.

' FERGUS COUNTY

Although it is far east of the main mining area in the State, Fergus
County has had a respectable production of gold, almost all of it from
lodes. Most of the output has come from the Warm Springs district
in the Judith Mountains (No. 12) and from the North Moccasin dis-
trict in the North Moceasin Mountains (No. 13). Total production
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from 1886 through 1950 was about 653,000 ounces; periods of greatest
activity were from 1901 through 1922 and from 1936 through 1942,
Production of other metals has been insignificant.

GRANITE COUNTY

Barly records are inaccurate or nonexistent but Granite County is
estimated to have produced a minimum of about 716,000 ounces of
gold from the beginning of mining through 1962. Of this, 332,000
ounces is thought to be placer gold and 376,000 ounces is lode gold.
Most of the lode gold was a byproduet of ores that were mined for
small amounts of copper, lead, and zine. Chief districts are the First
Chance (No. 14) in the Garnet Range, Henderson Gulch on the east
flank of the John Liong Mountains (No. 15), and Boulder Creek and
Flint Creek (Philipsburg) in the ¥lint Creek Range (Nos. 16 and 17).

JEFFERSON COUNTY

Mining began in Jefferson County about 1864 with the discovery of
silver, lead, and gold at Wickes (Pardee and Schrader, 1933, pp. 232~
234) and has continued at a fluctuating rate to the present. Gold
mining declined during the 1920’s but activity increased after the
price of gold was raised in 1934. Since 1950, gold mining again has
been reduced sharply. Through 1960 Jefferson County has produced
a minimum of about 735,600 ounces of gold—615,000 ounces from lodes
and 125,000 from placers. Except for the Whitehall district (No. 21)
all the gold-producing areas are in the northern part of the county.
They include the Clancy-Wickes-Colorado, Basin and Boulder, and
Elkhorn districts (Nos. 18, 19, and 20). The lode gold deposits are
found in granitic rocks of the Boulder batholith and in the invaded
sedimentary and volcanic rocks near the contact.

LEWIS AND CLARK COUNTY

Lewis and Clark County has produced well over 4 million ounces of
gold, about equally divided between placer and lode gold. Two
districts within the county—Helena and Marysville—has each pro-
duced in excess of 1 million ounces, and six others have produced in
excess of 100,000 ounces.

Mining began in 1863 or 1864 with discovery of placer gold in the
Sevenmile-Scratchgravel district (No. 25) 4 miles northwest of the
present site of Helena. Other rich lode and placer deposits were
discovered soon afterward in the Helena region. Most of the placers
and some of the lodes were soon exhausted, and by 1900, mining had
dwindled to small-scale operations. After the price of gold was raised
in 1934, gold mining, both lode and placer, again became a major
industry, but declined again after 1942,

The Helena (Liast Chance) placers (No. 23) have been the most
productive in the county; the Marysville district (No. 26) has been
the largest producer of lode gold. Other gold districts are Missouri-
York (No. 24) east of the Missouri River, and the Rimini-Tenmile,
Stemple-Virginia Creek, McClellan, and Lincoln districts (Nos. 22,
27, 28, and 29).
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LINCOLN COUNTY

The mining of gold has been a relatively minor activity in Lincoln
County but the county has produced since 1901 a minimum of about
29,000 ounces from lodes and 2,500 ounces from placers. There is no
record of earlier production although both lode and placer mines were
worked prior to 1901. Most of the lode production has come from
the Libby and Sylvanite districts (Nos. 30 and 31); the placer produc-
tion has come chiefly from the former.

MADISON COUNTY

Madison County ranks third in gold production in Montana, fol-
lowing Silver Bow and Lewis and Clark Counties, and is one of the
three counties that has produced more than 1 million ounces. The
oreater part of the Madison County production has come from placer
deposits, and most of it came from Alder Gulch during the first few
years following discovery. Small amounts have been produced from
at least 40 other gulches, but none of these has been a consistent pro-
ducer. Unlike other gold-producing areas, placer mining in Madison
County was but little affected by the rise in the price of gold in 1934.

Gold lodes are numerous and are found chiefly near the contacts of
Precambrian and Paleozoic rocks with the Tobacco Root batholith
and smaller intrusives and satellitic stocks. Minimum total gold
output of the county is 3,707,600 ounces—2,507,250 from placer and
1,200,000 from lode mining.

The chief gold-producing districts are Virginia City-Alder Gulch
(No. 32), Norris (No. 33), Pony (No. 34), Renova (No. 35), Silver
Star-Rochester (No. 36), Tidal Wave (No. 37), and Sheridan (No. 38).

MINERAL COUNTY

Practically the entire gold output of Mineral County has been de-
rived from placer deposits along creeks that drain the east slope of the
Bitterroot Mountains; the known lode deposits have produced only
minor amounts of byproduct gold. The two most productive areas are
the Cedar Creek and Trout Creek districts (Nos. 39 and 40). Output
is estimated at 120,000 ounces, most of which was recovered before
1908.

MISSOULA COUNTY

Gold production in Missoula County has come mainly from placer
deposits in the Ninemile and Elk Creek-Coloma districts (Nos. 41
and 42) which have yielded 152,000 to 225,000 ounces of gold. Lode
mining in the Elk Creek-Coloma district in the Garnet Range north
of the better known Garnet district (No. 14) accounts for an additional
17,000 ounces.

PARK COUNTY

Placer gold was discovered in 1862 near Gardiner, but the bulk of
the gold has come from the lodes of the Jardine district (No. 44) with
a smaller amount produced as a byproduct of siiver-lead deposits in
the New World district (No. 45). A still smaller amount has been
contributed by the Emigrant Creek district (No. 43). Lodes and
placers have produced a total of about 286,000 ounces of gold, of
which placers have accounted for 16,000 ounces.
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PHILLIPS COUNTY

The entire metal production of the county has come from two
closely-spaced areas in the Little Rocky Mountains, the Zortman-
Landusky or Little Rocky Mountains district (No. 46), the eastern-
most gold-producing area in Montana. Placers were discovered in
1884 and lode deposits in 1893. The deposits are chiefly gold- and
silver-bearing veins in a porphyritic laccolith which has intruded
Precambrian schist and Paleozoic sedimentary rocks. Of lesser
importance are disseminated deposits in porphyry and replacement
bodies in limestone. Early activity was sporadic but the district
flourished between 1905 and about 1912 and, except for the war years,
again from the early 1930’s through 1950. It has been nearly dormant
since.

Total lode gold production is estimated at about 380,000 ounces.
Recorded placer production dating back only to 1928 has been trivial.

POWELL COUNTY

Most of the gold produced in Powell County has come from placer
deposits in the southern part of the county. The discovery in 1852
of gold-bearing gravels along Gold Creek is said to be the first dis-
covery of gold in Montana (Lyden, 1948, pp. 118-120) although the
placers were not worked until 1862. Placer gold has come chiefly
from the Finn, Ophir, and Pioneer districts (Nos. 47, 48, and 49); lode
production from the Ophir and Zosell districts (Nos. 48 and 50).
Estimated production totals 539,000 ounces of placer gold and 50,000
ounces of lode gold.

RAVALLI COUNTY

Most of the 9,000 ounces of gold produced in Ravalli County since
1903 has come from placer deposits in the Hughes Creek district
(No. 51). These were discovered in the early days of mining. Since
1946 production has been small and sporadic. Total production is
probably in excess of 10,000 ounces.

SILVER BOW COUNTY

Silver Bow County is the leading mining county in Montana. Most
of the gold has come as a byproduct of mining copper and other base
metal in the Summit Valley (Butte) district (No. 52), but the High-
land district (No. 53) has also produced both lode and placer gold.
Early records are lacking but the total amount of gold recovered from
Silver Bow County may be in excess of 4 million ounces; 2,406,000
ounces is the recorded production of the Butte veins—the remainder
has come from placer mining and the Highland district lodes.

GRAPHITE
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

Graphite is pure crystalline carbon. It is characterized by its black
color, extreme softness, complete opacity, high electrical and heat
conductivity, and great resistance to chemical decomposition under

94765—68—6
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all conditions. It is insoluble in all common chemical reagents, but
decomposes slowly in the presence of oxygen if heated to 600°~700° C.

Graphite is a common and widespread mineral in metamorphic
rocks, although minable concentrations are rare. It also occurs in
veins and in thermally metamorphosed coal seams. The three geologic
environments in which it cccurs produce three distinctive commercial
types: lump and chip, flake, and “amorphous.” Vein graphite de-
posits, which produce lumyp and chip graphite, are rare; flake graphite
1s widespread in metamorphic rocks in many parts of the world.
“Amorphous” graphite (actually extremely fne-grained ecrystalline
graphite) comes only from metamorphosed coal seams,

Important uses are as carbon brushes for electric motors (lump);
crucible and refractory wares, and lubricant (flake); foundry facings,
paints, rubber, dry-cell batteries, and pencil leads (amorphous).

Montana has one known commercial graphite deposit located about
10 miles southeast of Dillon in Beaverhead County (Perry, 1948,
p. 13). This deposit, the Crystal Graphite mine, has been worked
intermittently since about 1902 (Cameron and Weis, 1960, p. 252),
and total production is on the order of 2,200 tons. Most of the
material was mined during World War I; no production is reported
after 1948.

The deposit contains lump graphite in. veins that cut the Pre-
cambrian Cherry Creek Group. Wall rocks are principally gneiss and
schist, with local pegmatites and some quartzite and dolomitic marble
(Armstrong and Full, 1950). Veins appear to be fracture fillings
around the nose of a plunging isoclinal fold. The graphite resembles
the material mined in Ceylon, which, for many. years, has furnished,
essentially, the entire world supply of this type. Although high-grade
graphite is present in the deposit, tonnage does not appear to be
great, and distribution is erratic and difficult to predict.

Crystalline graphite is also reported from an occurrence on Kate
Creek, about 15 miles southwest of Armstead. Reserves and quality
are not known (Sahinen and Crowley, 1959, p. 15).

GYPSUM AND ANHYDRITE
(By P. L. Weis, U.S. Geological Survey, Spokane, Wash.)

Gypsum, the hydrated calcium sulfate, and anhydrite, the
anhydrous form, are salts formed by the evaporation of sea or lake
water of appropriate composition. The country’s reserves of both
minerals are very large, although some of the largest and purest de-
posits are too far from major markets to be worked profitably under
present conditions (Withington, 1962, p. 1). Of the two minerals,
gypsum is the most widely used.

Gypsum is used extensively in the building industry. It is calcined
to drive off some of the water of hydration, then ground for use in
plaster, wallboard, lath, sheathing, tile, and related interior construc-
tion materials (Havard, 1960, p. 485). Many other uses exist, but
major uses in 1961 were as follows: building industry, about 9.1
million tons; calcined gypsum for industrial uses, 258,000 tons
uncalcined gypsum used in cement, agricultural gypsum, etc., about
3.9 million tons. Of somewhat more than 13 million tons used in the
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United States, about 9.3 million tons were from domestic deposits
(Kuster and Jensen, 1962, p. 629-642). :

Montana has large reserves of gypsum, but in 1961 only one de-
posit was being worked. Production in Montana for the period 1926—
59 amounted to 2,827,726 short tons, valued at more than $12,768,000
(R. D. Geach, Montana Bureau of Mines and Geology, written com-
munication, 1962). Deposits of commercially important gypsum
are exposed in outerops of four formations: the Ellis formation near
Lewistown and in parts of Cascade and Meagher Counties (fig. 22,1
localities Nos. 1 and 2); the Chugwater formation near Bridger,
Lodge Grass Creek (No. 3); the Otter formation in central Montana
near Riceville (No. 4); the Kibbey sandstone in central Montana near
Kibbey and Lingshire (No. 5), and in southwest Montana near Lima
(No. 6) (Sahinen and Crowley, 1959, p. 16; Perry, 1949).

Tn the Gravelly Range a large tonnage of gypsum formed from hot
springs can be observed at irregular intervals along the north slope
of the valley of Cottonwood Creek from the south end of Monument
Ridge to stream level 2 miles west. ~Along the Gravelly Range Ridge
road east of Monument Ridge there are several extinct geysers with
mounds of white gypsum revealing their presence. The gypsum is in
the Ellis group of Jurassic age (Mann, 1954).

Tn addition to the surface exposures of gypsum-bearing formations
listed above, a large volume of gypsum-bearing material is present
in buried sedimentary rocks in the Big Horn, Powder River, and Willis-
ton Basins (Withington, 1962). Montana’s reserves of gypsum are
therefore undoubtedly great enough to last for many decades; activity
of the industry in the State depends on price of the commodity and
demand for it, rather than presence of raw material.

IRON
(By R. D. Geach, Montana Bureau of Mines and Geology)

Iron and steel are the foundation of the industrial economy of the
United States. No other metal is, or is likely to be, used in such
large quantities for so many purposes.

Pure iron is too soft for most uses, and pig iron, the initial product
of the blast furnace, is too brittle. Ultimate use is therefore mostly
in the form of cast iron, wrought iron, steel, or one of the hundreds
of alloys with iron and other metals. Much smaller quantities of
iron are used for paint pigments, cements, and a host of other uses
(Tucker, 1960). The United States consumes more than 100 million
tons of iron ore each year.

Principal iron ore minerals are the oxides hematite (70 percent
iron) and magnetite (72.4 percent iron). Smaller tonnages of iron
have been produced from limonite, a mixture of hydrous oxides, and
siderite, the iron carbonate, but neither has been a significant source
of ore in this country. The largest iron deposits of the world are in
Precambrian sedimentary iron formations or their metamorphosed
equivalents, and ores of this type have provided by far the largest
tonnage for world production.

Until the end of World War II, almost all of the iron ore mined in
this country was shipped directly to the smelters without further

1 Nors—Tigure indicated appears as a folded map at the rear of this document,
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beneficiation other than washing. These crude and washed ores
generally contained at least 50 percent iron; most shipping-grade ore
contains from about 51 percent to about 60 percent iron, and a few
deposits produced ore with as much as 68 percent iron. Since World
War II, however, processes have been developed for concentrating
and pelletizing lower grade ores, and the proportion of U.S. production
that is upgraded has risen from less than 20 percent at the end of the
war to 55 percent in 1960. As a result, low-grade deposits (25-45
percent iron) that were formerly considered to be of no value are
now worth serious consideration as sources of iron ore.

Montana deposits are generally believed to contain no more than
about 30 percent iron, but some appear to be large, and most of the
iron-bearing mineral is magnetite which, if not too fine grained, can
be easily and cheaply upgraded. Of importance to Montana deposits
and to western ores in general is the accelerated growth of population
and industry west of the Mississippi, which is creating a potential
market in which western iron and steel may enjoy a competitive
advantage over distant eastern sources.

The Carter Creek deposit (fig. 23,' No. 1), unknown until recently,
is believed to contain reserves in excess of 60 million tons of iron
ore. The ore body, consisting mostly of magnetite with minor
amounts of hematite, is in the Precambrian Cherry Creek group,
which is made up of hornblende-biotite-garnet gneisses and meta-
morphosed limestones. The iron-rich zone is 12,000 feet long and
700 to 900 feet wide. The grade of the deposit is not precisely
known, but a limited number of samples show a range of iron content
from 30 to 32 percent. Calculations made by the author of the results
of a series of tests made by the Bureau of Mines (Holmes and others,
1962, p. 10) show that wet grinding the material to minus 200-mesh
followed by wet-magnetic separation will yield a concentrate averaging
59.3 percent iron and recover 85 percent of the iron.

Montana contains several other deposits in the same geologic
environment, specifically the Kelly, Ramshorn (Copper Mountain),
Johnny Gulch, and Dry Boulder Creek deposits. Although the exact
amount of ore reserves is unknown, it is believed that for each deposit
quantities estimated at tens of millions of tons are realistic. It is
also noteworthy that all of these deposits are within a few score miles
of each other, and a thorough investigation of the entire area might
well result in finds of great value and importance. There is little
question that deposits of this type make up by far the most important
iron ore reserves in Montana.

Concentrations of titaniferous magnetite of detrital origin are
present along a belt of ancient beach deposits that extends inter-
mittently from the Blackfoot Indian Reservation on the Canadian
border southward to Radersburg, Mont., a distance of about 190
miles (Wimmler, 1946b). The ores have been examined superficially
at outcrops, and it is believed that they are not contiguous from place
to place. Iron-rich zones occur in two horizons, the Horsethief
sandstone and the Virgelle sandstone, both of Late Cretaceous age.
The deposits are lenticular in shape, and their thickness may taper
from a few inches at the ends to 20 feet at the widest portion. The ore
minerals are magnetite and ilmenite in a gangue of quartz and feld-
spar. The grade of these deposits is not precisely known, but a
chemical analysis of a composite sample taken by the U.S. Bureau of

1 NoTtE—Figure indicated appears as a folded map at the rear of this document.
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Mines at the Choteau deposit showed 43.7 percent iron and 7.2 percent
titania (Wimmler, 1946b, p. 7), whereas chemical analyses of channel
samples from the other deposits give 10.5 to 55.6 percent iron and 2.01
to 12.7 percent titania (Hubbard and Hencks, written communication,
1962). The exposure near Radersburg, Mont., contains magnetite,
hematite, and minor amounts of copper oxides and calcite veinlets.
It is presently operated by Harris Brothers and John Ralls, and their
product is shipped directly to the cement plant of the Ideal Ceruent
Co. at Trident, Mont., where it is used in the manufacture of types
IT and V cements.

The more numerous, though smaller, iron occurrences known in
Montana have a magmatic affiliation. The deposits are in general
associated with limestones or shales at or near a contact with intrusive
igneous rocks. They may, however, be entirely enclosed within the
intrusive rock, as for example, the Elkhorn Mountain deposits near
Boulder. Their shape is tabular or lenticular, and they swell and
pinch horizontally and down dip. Reserves are not accurately known,
but some deposits may contain more than several million tons. The
iron minerals are predominantly magnetite, hematite, and limonite.
Minor amounts of recoverable copper, lead, silver, and gold are also
present. The ore mined was high grade, and many of these ores were
especially sought in the early days, not for the manufacture of iron
and steel, but as a fluxing material needed by the copper and lead
industry.

At the Sheep Creek iron deposit in Meagher County two major
steeply dipping veins are known, and each has been traced for about
1,300 feet along the strike. The width is variable but 38 feet may
be an average. Bedded ores also occur nearly at right angles to the
dip of the veins. The iron mineral in the veins is chiefly hematite;
whereas the bedded ores contain more limonite than hematite. The
difference in mineralogy is further emphasized because the iron con-
tent in the veins is higher, probably 48 percent iron and 4 percent
silica as opposed to 39 to 46 percent iron with 4 to 21 percent silica
in the bedded ores (Reed, 1949).

Notable other occurrences are the Running Wolf (Willow Creek)
deposit in Judith Basin County (Roby, 1949), the Southern Cross and
the Cable deposits in Deer Lodge County (Wimmler, 1946a), the
Sweetgrass Hills deposit in Liberty County, Thunder Mountain de-
%osit in Cascade County, and the Iron Mountain deposit in Meagher

ounty.

The Running Wolf deposit is the only property in the State that
has produced commercial iron ore for the steelmaking industry within
the last 5 years. The ores were mined and shipped to the Great Lakes
region and elsewhere by the Young-Montana Co.

The area south of Yogo Peak in Judith Basin County contains many
small outerops of high-grade magnetite deposits. It has been sug-
gested that & magnetometer survey of this area might reveal larger
hidden deposits (DeMunck, 1956, p. 49).

Numerous deposits derived from oxidation of preexisting pyritic
veins are known in Montana, as well as limonite deposits attributed
to hot spring deposition. Their value and potential as a source of
metallic iron is probably doubtful due to the small tonnages of ore
available and because of their isolation from transportation facilities.
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The use of smelter slags as a source of iron has aroused considerable
interest in Montana. In 1959, Webb & Knapp, Inc., announced that
construction of an integrated steel plant utilizing natural ore and
smelter slag derived from the Anaconda Co.’s reduction works at
Anaconda, Mont., was being considered. It was explained that the
Strategic-Udy process employing electric smelting techniques would
be applied to reduce the raw material and that the final products
would consist of finished shapes. It was also stated that initiation
of the project would depend on obtaining investment capital, estimated
at $40 million, and solying marketing problems. As of 1962, Gulf,
State Lands & Industries, Inc., a subsidiary of Webb & Knapp, Inc.
has applied to the Federal Area Redevelopment Administration for
financial assistance. No decision is believed to have been reached
(1962).

The slag dump at Anaconda is reported to contain 40 million tons
of material. Other slag dumps comparable in size are at the plant of
the American Smelting & Refining Co. at East Helena and at the
plant of the Anaconda Co. at Great Falls.

Torty-five percent seems to be a realistic estimate of the iron content
in the slags, although the exact grade is not known. Most of the
iron evidently occurs as a synthetic silicate. Small amounts of
copper, lead, and zinc are present, since nonferrous metal recovery is
not complete.

It appears likely that Montana contains enough iron ore to provide
for at least a moderate-size iron and steel industry. Chief obstacles
at present are the distance from existing major markets, and the
limited population and consumer demand within the area where
Montana iron could realize an advantage in transportation costs.

LIMESTONE !
(Bv J. M. Chelini, Montana Bureau of Mines and Geology, Butte, Mont.)

Limestone, including dolomite, is the most widely used of all rocks.
Over 450 million tons are consumed annually in the United States.
It occurs in some form in every State, is produced in thousands of
localities, and is sold as a low-cost mineral commodity to many
different industries, which utilize it either in raw crushed form or
calcined to lime.

In Montans, limestone is used for concrete aggregate, roadstone,
flux, agriculture, railroad ballast, riprap, fill material, filler, sugar
refining, portland cement, and lime. Important uses in other areas
include coal mine dusting, filtration, limestone whiting, mineral food,
and alkali, calcium carbide, glass, and paper manufacture.

In terms of total domestic production, concrete aggregate and
roadstone consume the greatest volume of the raw product. How-
ever, cement and lime, the major products manufactured from lime-
stone, exceed in dollar value that of all limestone sold or used in the
United States in any one year. ILime is an essential material for
more than 7,000 uses, involving many different industries (Patterson,
1960). By far the greatest number of uses are chemical and indus-
trial. In 1961 the value of cement produced in the United States
was $1,105,537,000 (West and Lindquist, 1962, p. 391), the value of
lime was $210,141,000 (Patterson and Schreck, 1962, p. 799), and the

1 Including lime and cement.
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combined value of crushed limestone and limestone dimension stone
was $608,139,000 (Cotter and Jensen, 1962, p. 1145, 1156.)

Commercially, the word “limestone” is a general term for that class
of rocks which contains at least 80 percent of the carbonates of calcium
and magnesium. The marketed products are further defined depend-
ing upon composition and use. When calcium carbonate is present
in excess of 95 percent, the rock is called a high-calcium limestone.
High-calcium limestone, the variety used by lime and cement indus-
tries, should contain less than 2 percent magnesium carbonate and less
than 3 percent of other impurities (commonly silica, alumina, and
other insolubles). If 10 percent or more of magnesium carbonate is
present, the rock is called magnesian or dolomitic limestone.
This decreases its usefulness in the manufacture of lime and makes it
unfit for the manufacture of cement; cement manufacturers do not like
to use a limestone containing more than 5 percent magnesium car-
bonate and prefer even less. It does, however, find use for agricul-
tural processes. Portland cement is commonly made from “natural
cement’’ rock, an argillaceous limestone containing clay and silica in
the correct proportions to make cement. However, some cement is
made from high-purity limestone by adding the proper amount of clay
and silica.

When the content of magnesium carbonate approaches 45 percent
in a carbonate rock, it is known as a dolomite. Dolomite is used in
the manufacture of high-magnesium lime; its predominant use is in
the production of magnesium compounds and as a refractory.

Marine limestones are formed on the sea bottom by any one or
combinations of the following processes: slow accretion of organic
remains, such as shells; accumulation of carbonate detritus in the
same manner as with other clastic sediments; and chemical precipita-
tion.

The above types may be altered to dolomites or dolomitized lime-
stones by replacement of part of the caleium carbonate by magnesium
carbonate. Limestones may also be deposited in lakes or streams or
from springs. Impurities such as sand, clay, ivon oxide, or other
detritus may be mixed or interbedded with the calcareous material,
Limestones are named, in part, on the basis of these impurities. Thus,
siliceous or cherty limestones contain considerable quantities of silica;
ferruginous limestones contain iron oxides; and argillaceous lime-
stones contain clay or shale.

Limestones are also classified according to their physical character.
Lithographic stone is a very fine-grained crystalline variety, deriving
its name from one of its early uses for making lithographs. Travertine
is & banded variety of carbonate rock that has been deposited from
ground or surface water or from hot springs. Its pleasantly varie-
gated coloring and ease of polishing makes the travertine generally
more valuable as building stone than for its calcium carbonate content.
Waste material from travertine quarries is marketed as chicken feed,
agricultural limestone, and for the manufacture of lime.

In Mentane, limestone is found in strata of nearly every geologic
age. However, three units of Paleozoic age are the major sources of
limestone. These are the Mission Canyon and Lodgepole limestones
of Mississippian age, and the Meagher limestone of Cambrian age.
Exposures of these units are confined to the central and western part
of the State; younger rocks form a thick cover to the east (fig. 24).2

2NoTe~—Figure indicated appears as a folded map at the rear of this document.
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The Mission Canyon limestone is the most important source of
high-purity limestone in Montana and crops out in many places in the
western part of the State. It characteristically contains more than
95 percent CaCO;. At Limespur (fig. 1, locality No. 7) where the
limestone was quarried for flux for the Butte smelters and for sugar
refining, the calcium carbonate content exceeds 99 percent (Perry,
1949, p. 40). At Sappington (No. 8), where the rock was quarried for
use in sugar refining, and at Elliston (No. 5), where rock is currently
produced for the manufacture of lime, the calcium carbonate content
exceeds 98 percent. Good quality limestone is also found in north-
west Montana at the Stahl quarry near Roosville (No. 1).

The Lodgepole limestone contains thin-bedded limestone, inter-
bedded with chert and shale. Its composition is suitable for cement
manufacture, and the Ideal Cement Co., is quarrying it for that pur-
pose at Trident (No. 10).

Cambrian carbonate formations in Montana are commonly dolo-
mitic in composition, but the Meagher limestone is in places a very
pure limestone. In the Helena-Townsend region the magnesium
carbonate content of the Meagher is less than 3 percent (Perry, 1949,
p. 39). Hanson (1952, p. 15) states, “East of a line connecting Ennis
and Whitehall, the Meagher formation is entirely limestone, whereas
west of a line connecting Butte and the Upper Ruby Valley it is
entirely dolomitic.” Between these two areas there is a transition
zone of intermediate composition.

The upper part of the Meagher is characteristically mottled in dark
gray or black and buff and is sometimes termed “black and gold
marble.” A quarry in the Limestone Hills north of Radersburg
(No. 9) was operated for a time by the Vermont Marble Co. Polished
slabs for facing work were marketed under the name “Egyptain
Limestone.”  The quarry has not been operated in recent years.

The Meagher limestone is quarried at two localities east and south
of Helena. At Maronick (No. 14) it is quarried for flux for the
American Smelting Refining Co. plant at East Helena. A few miles
to the west it will be quarried for cement rock in the new plant of the
Permanente Cement Co. (No. 13).

Other potentially important Paleozoic carbonate formations include
the Pilgrim dolomite, the Big Horn dolomite, the Jefferson dolomite,
and the Ellis formation (Perry, 1949, p. 32). These limestones are
suitable for lime manufacture, but they are not likely to be sought
because adequate limestone is generally available in more accessible
localities. In addition, beds of impure limestone are found in Precam-
brian (Belt series), Mesozoic (Cretaceous), and Cenozoic (Tertiary-
Quaternary) sedimentary rocks. In the northwestern and extreme
western parts of Montana and in the Belt Mountains in the central
part of the State, great thicknesses of rocks of the Belt series are
found. The calcareous formations of this series are the Helena, the
Wallace or Newland, the Siyeh, and the Altyn formations. Assay
rveports by Johns (1960 and 1961) show that the calcareous rocks of
the Belt series in northwestern Montana generally average about 44
percent silica, 10 percent alumina, between 40 and 50 percent calcium
carbonate, and 4 percent magnesium carbonate.

Also of potential value among Precambrian calcareous deposits
are the massive marbles of the Cherry Creek group exposed in the low
foothills of Ruby Range southeast of Dillon, in the vicinity of Virginia



MINERAL AND WATER RESOURCES OF MONTANA 83

City, in the low foothills of the Gravelly Range 15 miles south of
Ennis, and in the Bridger Range 5 miles north of Bozeman. They
range in composition from nearly pure calcite to nearly pure dolomite.
Thicknesses range up to 800 feet. South of Ennis there is an area of
magnesium-bearing marble about 2 miles wide and 5 miles long in
which the strata stand nearly vertical (Perry, 1949, p. 33).

The only important Mesozoic limestone is the gastropod limestone
member of the Cretaceous Kootenai formation. This member is
present in southwestern Montana and ranges in thickness from 10
to 75 feet (Perry, 1949, p. 22); it has been quarried for lime burning
near Drummond (No. 3). Recent assays of a grab sample from the
quarry site show a calcium carbonate content of 87 percent; mag-
nesium carbonate, 2 percent; insolubles, 9.38 percent; and alumina,
1.13 percent.

Cenozoic travertines of hot spring origin in Montana are believed
to be of late Tertiary or early Quaternary age (Perry, 1949, p. 32).
Two large, unusually pure deposits have been developed, and several
smaller occurrences are known. The more important of these deposits
is near Gardiner (No. 16) (Mansfield, 1933, p. 7). It is being quarried
by the Montana Travertine Co. for use as interior and exterior
decorative building stone.

Rock from the Gardiner quarry is used for building and ornamental
stone, though the rock is chemically suitable for the manufacture of
lime and chemical compounds. A typical analysis of the stone is:
calcium carbonate, 95 percent; magnesium carbonate, 0.9 percent;
silica, 0.9 percent; and iron oxide, 0.2 percent.

Another deposit of travertine is on the south flanks of the North
Mocecasin Mountains of central Montana, north and west of Lewis-
town (No. 19). The deposit is contained in an area of about 6 square
miles and has a maximum thickness of 250 feet (Calvert, 1909, p. 36)
and is presently being quarried for building stone, but it is also suitable
for many uses requiring pure high-calcium carbonate rock. Other
undeveloped travertine deposits occur in the general area north and
east of Lewistown (Perry, 1949, p. 42).

MANGANESE
(By William C. Prinz, U.8. Geological Survey, Washington, D.C.)

Manganese is indispensable in the production of steel and is thus
essential to our Nation’s economy. The chief value of manganese is
as a desulfurizer, and more than 13 pounds are consumed in the
production of each ton of steel. Some is also used as an alloying
metal in high-strength steels. More than 95 percent of the manganese
consumed in the United States is for metallurgical purposes; the
remainder is used, generally as oxide ore or concentrate, as the de-
polarizer in dry-cell batteries, in the manufacture of manganese chemi-
cals, as a drying agent in paints and varnishes, as a pigment or to
neutralize the effects of iron in glassmaking and ceramics, and in the
leaching of uranium ores.

Manganese occurs in a variety of minerals in the earth’s crust,
but insofar as ore deposits are concerned only two types are important:
(1) the manganese oxide minerals, which are too numerous to mention
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individually here, and (2) the manganese carbonate, rhodochrosite.
Some manganese deposits are sedimentary in origin; others are in
veins or replacement deposits that formed from hydrothermal solu-
solutions. Later action by ground water modified many deposits of
both types by converting rhodochrosite and manganese silicates to
manganese oxide minerals, changing original oxide minerals to dif-
ferent oxide minerals, and enriching or concentrating manganese.

Most of the manganese reserves of the United States are in low-
grade sedimentary deposits which, except for the manganiferous iron
ores of the Cuyuna Range, Minn., are not economical to mine at
the present time. Domestic reserves of high-grade manganese ore are
limited, and the United States therefore relies almost entirely on
imported manganese. In 1958, production of ores and concentrates
(+35 percent manganese) by domestic mines reached 22 percent of
consumption (DeHuff and Fratta, 1959, p. 724); this was accomplished
however, only because of Government purchases at premium prices
for stockpiling. After Government purchasing ceased, domestic
production declined sharply and in 1961 amounted to less than 3
percent of consumption. By the end of 1961, Montana was the only
State producing high-grade manganese ores or concentrates. Mon-
tana is the leading State in total production of this type of material,
most of which has come from two districts—Philipsburg and Butte
(fig. 25).

The Philipsburg district (fig. 25," locality No. 1), which started as a
silver camp in 1864, first produced manganese in 1500 (Pardee, 1922,
p. 146), and became the country’s leading producer of high-grade
manganese ore during World War I. This ore, all oxide, was used
mainly for metallurgical purposes. After the war, the district was
unable to compete in the metallurgical market because of its distance
from steel-producing centers; however, it was found that manganese
oxide concentrates from the district were well suited for the manufac-
ture of dry-cell batteries. Since then, Philipshurg has been the lead-
ing, and for the most part sole, domestic source of nataral battery-
grade manganese dioxide. Oxide ore is upgraded in local mills %o
battery-grade concentrates containing 65 to 70 percent manganese
dioxide. Middlings containing 10 to 35 percent manganese are also
marketed. Through 1961, production from the Philipsburg district,
including both oxide and carbonate ores, has accounted for apProxi-
mately half of Montana’s total production of more than 3,230,000 tons
of manganese ore.

The Philipshurg district straddles part of the western border of an
early Tertiary granodiorite batholith that was intruded into folded
and faulted Precambrian and Paleozoic sedimentary rocks (Emmons
and Calkins, 1913). Silver- and zinc-bearing quartz veins cut both
the granodiorite and the sedimentary rocks. Although the veins
have yielded a small amount of manganese ore, most has come from
irregular manganese-rich replacement deposits which are distributed
erratically in favorable limestone and marble beds adjacent to the
quartz veins (Goddard, 1940, pp. 157-202). The primary manganese
minerals in these deposits are the carbonates, rhodochrosite, and
manganoan dolomite, which were deposited from hydrothermal solu-
tions. Near the surface and to depths varying from 160 to more
than 850 feet, the manganese carbonates were oxidized by ground
water to manganese oxide minerals. The bulk of the ore produced

i Nore.—TFigure indicated appears as a folded map at the rear of this document.
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from the district has been oxide; some carbonate was mined during
World War II and for Government stockpiles in the early and mid-
1950’s, but little, if any, carbonate has been sold commercially.
Reserves of manganese oxide and carbonate ore at Philipsburg have
been estimated at 710,000 long tons averaging 22.5 percent manganese
(Hewett and others, 1956, p. 214).

The veins around the periphery of the famous copper, silver, and
zine district of Butte (No. 2) contain abundant rhodochrosite, and
the ares west and south of the heart of the district has yielded con-
siderable manganese ore. The veins are in an early Tertiary quartz
monzonite batholith, and in the manganese-rich areas they contain
rhodochrosite, silver, lead, and zine sulfides in a quartz gangue.
The depth of oxidation at Butte is relatively shallow; thus manganese
production from the district has been principally carbonate ore with
only a minor amount of oxide.

Manganese was first mined in Butte during World War I, but, as
with Philipsburg, production declined after the armistice. In the
late 1920’s and the 1930’s, carbonate ore containing 38 percent
manganese was roasted in revolving kilns to produce oxide nodules
containing 56 percent manganese. ilowever, reserves of these high-
orade ores were limited and manganese production was small until
1941 when the Anaconda Co. built a manganese concentrating plant
and its own kilns. Ores averaging 18 percent manganese were then
treated by flotation to recover the associated zinc, lead, and silver
sulfides and to produce rhodochrosite concentrates containing 38
percent manganese. 'The rhodochrosite concentrates were dried and
then roasted to drive off CO, and produce nodules of manganese
oxide grading 57 to 60 percent manganese (U.S. Congress, House
Committee on Public Lands, Subcommittee on Mines and Mining,
1948, pp. 279-298). The high manganese and low impurity content
of these nodules made them well suited for the manufacture of ferro-
manganese, the most common form in which manganese is added to
steel, and in 1946 the Anaconda Co. began production of ferroman-
oanese from its own nodules in an electric furnace at Great Falls.
Turnaces were also built at Anaconds, and in the late 1940’s and
early 1950’s Anaconda consumed a large quantity of its own nodules
to make ferromanganese. However, high {reight rates to the steel-
producing centers in the East and competition from low-cost imported
manganese ore forced Anaconda to reduce production in the late
1950’s. The company’s last remaining manganese mine, the Emma,
was closed during the strike in 1959 and has not been reopened.
The ferromanganese furnaces have been operated intermittently since
then on stockpiled ore.

Many mines in the west Butte area other than those operated by
the Anaconda Co. have also produced manganese ore, chiefly during
times when the Government was paying premium prices. Reserves
of the Butte district were reported in 1956 to be 4,460,000 short tons
of carbonate ore averaging 14 percent manganese (Hewett and others,
1956, p. 214). Reserves of oxide ore are nil.

Manganese also occurs at many other places in southwestern
Montana (Pardee, 1919; 1922, pp. 177-179; Sahinen and Crowley,
1959, p. 21), and some areas have yielded a little ore. Hydrothermal
deposits similar to those at Butte or Philipsburg occur in the Wickes
(No. 3), and Cataract Creek (No. 4), districts between Butte and
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Helena, in the Niehart district in the southeastern part of Cascade
County (No. 5), in the Castle Mountains 10 miles southeast of White
Sulphur Springs (No. 6), in the Cramer Creek district east of Missoula
(No. 7), in west-central Gallatin County (No. 8), and at several places
in Beaverhead and Madison Counties (Nos. 9,10, 11, and 12). Irregu-
lar lenses or pods of manganese that follow bedding in sedimentary
rocks occur in central and northwestern Meagher County (Nos. 13,
14, and 15), southeastern Lewis and Clark County (Ne. 16), and in a
few places in Beaverhead and Madison Counties (Nos. 17, 18, 19, and
20). It is not known whether the manganese was concentrated by
ground water from that occurring in surrounding or overlying beds or
whether it was introduced by hydrothermal solutions. A manganifer-
ous bed of iron ore has been reported near Renova in northern Madi-
son County (No. 21) (Pardee, 1919, p. 132).

MOLYBDENUM
(Bv P. L. Weis, U.8. Geological Survev, Spokane, Wash.)

Molybdenum is a white metal that is commonly used as an alloy to
increase hardness, strength, and resistance to corrosion of steel, par-
ticularly at elevated temperatures. It is also used in electrical equip-
ment and in aireraft and missile parts.

The most important ore mineral is molybdenite (MoS,). More
than half of the world supply comes from molybdenite ores mined at
Climax, Colo. Molybdenite is also an important byproduct of por-
phyry copper deposits. ILess important are contact metamorphic
tungsten deposits that yield molybdenum as a byproduct.

Montana has not produced molybdenum, although several low-
grade deposits are known. The Big Ben deposit near Neihart, Cas-
cade County, has been prospected and drilled, and it appears to contain
between 3 and 4 million tons of material that averages 0.2 to 0.3 per-
cent molybdenum (fig. 26, locality No. 1) (Creasey and Scholz, 1945).
Known tonnage and grade of the material do not favor production at
present prices and mining costs, but further exploration may increase
the estimates of reserves.

Molybdenite occurs with pyrite and chalcopyrite in quartz veins at
the Bismarck mine, Madison County. The amount of ore is not
known, and the grade appears to be low (Tansley and others, 1933,

.31).

P The copper deposits at Butte contain traces of molybdenite, and
in a few local areas it is reported to be abundant (Weed, 1912, p. 79).
None has been recovered as a byproduct, however.

Molybdenum is known to occur in aplitic quartz monzonite in
NE¥ sec. 9, T. 1 N., R. 7 W., at the head of Blacktail Deer Creek
about 10 miles south of Butte, and in the Emigrant Gulch area, Park
County (Sahinen, U. M., written communication, 1962). The poten-
tial of these occurrences is unknown, but is probably not great.
Neither occurrence is shown on the map.

An additional potential source of molybdenum in Montans, still
essentially untested, is the occurrence of powellite, the caleium molyb-
date, in tactite bodies associated with Mesozoic intrusives. (See the
chapter on tungsten for a more comprehensive discussion of these
deposits.)

i Nore—Pigure indicated appears as a folded map at the rear of this document.
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NIOBIUM
(By 8. L. Groff, Montana Bureau of Mines and Geology, Butte, Mont.)

Columbite, the commonest ore mineral of niobium (columbium) is
& niobate-tantalate of iron and manganese. It is an end member of
an isomorphous mineral series (Fe, Mn) (Nb, Ta),0¢, of which tan-
talite, the principal ore of tantalum, is the other. Columbite is usually
recognized by its iron-black, commonly irridescent color.

The minerals of the columbite-tantalite series are commonly found
in pegmatites. The world’s main source of supply comes from Ni-
gerian alluvial deposits formed by the weathering of pegmatite dikes.
Niobium is a steel-gray, lustrous metallic element used principally as
an alloying agent in metals for jet aircraft engines. Niobium alloys
are stable and retain their strength at temperatures up to 1,550° F.
Minor uses of the metal include applications in the vacuum-tube in-
dustry, in tungsten-carbide cutting tools, and as a shielding material
in some types of nuclear reactors.

Purchasers of columbite are the Electro-Metallurgical Division,
Union Carbide & Carbon Co., Niagara Falls, N.Y.; and the Fansteel
Metallurgical Corp., North Chicago, Ill. Columbite ore (65 percent
pentoxide) was being purchased in October 1962, at the following
prices:

Ratio Nby0s-Taz0s: Per pound
10 e e $1. 10-81. 25
B8 e 1. 00— 1. 10

There is no record of columbite production from Montana, but
columbite and other niobium-bearing minerals are found in several
localities in Montana (fig. 27).! Minor amounts of columbite were
reported in'carbonate rocks in the Rocky Boy stock, Bearpaw Moun-
tains, Hill County. Fergusonite—a complex mineral containing rare
earths, niobium, and uranium—has been found in the Sappington
pegmatites in northern Madison County, and in pegmatites near
Hamilton, Ravalli County, and in placers at the head of California
Guleh in Madison County (Heinrich, 1949, pp. 31-32).

The largest deposit in Montana is on Sheep Creek, a tributary of the
West Fork, Bitterroot River, in southern Ravalli County (Crowley,
1960). In this deposit columbite is associated with euxenite and
fersmite, along with the rare-earth minerals ancylite, allanite, and
monazite. There has been extensive development, but the deposit is
apparently subcommercial.

OPTICAL CALCITE
(By F. C. Armstrong, U.8. Geological Survey, Spokane, Wash.)

Optical calcite is the transparent variety of calcite (CaCOs). It
is used in polarizing microscopes, polariscopes, colorimeters, sac-
charimeters, and other optical devices. First-grade material, often
referred to as Iceland spar, must be colorless, water clear, and free
from cracks, twinning, inclusions, and other flaws.

Both before and during World War IT a small but unknown amount
of first-grade material was mined in Montana. For a short time
during World War IT optical calcite was mined in Montana for use

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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by the Navy in a special gunsight. Caleite for this purpose did
not have to meet several of the specifications required of Iceland
spar. During the period 1942-44 about 7,400 pounds of optical cal-
cite suitable for the sight was mined from Montana deposits. The
average grade of the deposits mined by Metals Reserve Co. was
almost 0.3 pound of optical calcite per ton of vein material mined
and the cost of mining this ‘“‘gunsight” calcite was almost $60 per
pound. This cost contrasts sharply with the peacetime price of
$50 per pound for the best crystals of Iceland spar (Waesche, 1960,
D. 697.)

: Veins containing optical calcite occur in Park and Sweet Grass
Counties, Mont. (fig. 28), and have been described by Stoll and
Armstrong (1958). Most of the optical calcite has been obtained
from veins eutting the sedimentary rocks of the Livingston group of
Late Cretaceous and Tertiary age. The veins occupy faults. The
productive veins are large; many of them are conspicuously banded
parallel to their walls, and the individual bands exhibit comb structure.
Vugs created by incomplete filling of fissures have been the source
of all optical calcite mined; most of the usable material came from
the clear crystal tips that project into the vugs. The calcite veins
were deposited in open fractures by rising hydrothermal solutions
of low temperature and pressure. The veins appear genetically
related to the local igneous activity, and may have been deposited
during an earlier hypogene period of carbonate mineralization by
ancient hot springs similar to the ones in the ares today.

The demand for optical calcite has never exceeded several hundred
pounds annually, and sales are usually individually negotiated. A
factor adversely affecting the market is the increasing use of synthetic
Polaroid in many instruments that formerly required calcite. If,
however, uses demanding the unique qualities of optical calcite
develop to the extent that cost is not a major factor, a limited amount
of optical calcite could be recovered from the veins in Montana.

PEGMATITE MINERALS
(Bv 8. L. Groff, Montana Bureau of Mines and Geology, Butte, Mont.)

Pegmatite minerals that may attain commercial importance include
potash feldspar, quartz, muscovite, and lithium silicates, with smaller
amounts of niobium-tantalum, rare-earth minerals, beryl, cassiterite,
and wolframite. These minerals occur in pegmatite dikes, which are
coarsely crystalline igneous rocks commonly associated with larger
intrusive bodies of finer-grained rocks. Pegmatite bodies are believed
to have formed during a late stage in the normal sequence of crystal-
lization of & magma, when residual fluids were sufficiently enriched in
volatile materials to permit the formation of coarse-grained rocks
more or less equivalent in composition to the parent rock. Montana
has, thus far, produced little material from pegmatites, and of the
pegmatite minerals only mica, feldspar, and beryl are discussed here.

MICA

“Mica’” is the name given to a group of hydrous aluminum silicates
containing varying amounts of iron and magnesium. The more im-

1 Nore.—Figure indicated appears as a folded map at the rear of this docurent.
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portant members of this group are muscovite (white mica), phlogopite
(amber mica), biotite (black mica), vermiculite (expanding mica), and
lepidolite (lithia mica). Of these only vermiculite and muscovite
have been mined in Montana. Vermiculite is not a pegmatite mica,
and is treated elsewhere in this publication.

Muscovite mica has the general formula K,AL(OH).[(ALSe)0q],
but minor amounts of other elements affect its color and cause slight
differences in its properties. Muscovite is valuable for its very low
heat and electrical conductivity and the perfect basal cleavage which
permits it to be split into flexible sheets as little as 1/1000 inch in
thickness. The mineral occurs as rough crystals, called books, in
pegmatites. Books with a high proportion of structural flaws, or too
smell for minimum sheet size, are classified as “scrap’ or grinding
mica.

Sheet mica is mostly used for electrical insulation and has many
applications in electrical and electronic instruments and utensils.
Mica board is made up of thin splittings bonded together and is widely
used as forms for mounting electrical equipment. {round mica is used
in molded insulators, or it may be used in roof coating, plaster,
paints, lubricants, or as a binder and filler.

Prices (North Carolina district) as of October 18, 1962, are quoted
here as a general guide for prospective producers. FPrices for punch
mica (material that will yield trimmed, unflawed books of less than
1% x 2 inches) and sheet mica vary considerably, depending on the
degree of stain. Clear punch runs 7¢ to 12¢ per pound; clear sheet
mica prices depend on the size of the trimmed sheets.

Per pound Per pound
1% by 2 inches .- _______ $0. 07-%$1. 10 3 by 4inches. . ___ ... $2. 00-$2. 60
2 by 2inches_ .. _.___.._ 1. 10- 1. 60 3 by Sinches_ .. ______ 2. 60— 3. 00
2 by 3inches_ . ________ 1. 60— 2. 00 4 by 6inches____.._____ 2. 75— 4. 00
3by3inches. ___.______ 1. 80— 2.30 6 by &inches______.____ 4. 00— 8. 00

Scrap or grinding-quality mica is valued at $20 to $30 per short ton,
depending on relative amounts of other mineral impurities. The
nearest scrap mica buyer is in Colorado. Buyers of sheet mica are
all east of the Mississippi River.

Mica-bearing pegmatites are shown on figure 29." Some 10 tons
of hand cobbed books were marketed from the Sappington deposit
(fig. 1, locality No. 1) in northeast Madison County, and a small
amount was mined from the Dulea and Montana deposit (No. 2) near
Virginia City (Heinrich, 1949, p. 23; Stoll, 1950, p. 57). Beginning
in 1958 small quantities of hand sorted mica were produced from the
Thumper Lode (No. 4), Gallatin County, and from a deposit 15 miles
south of Ennis (No. 3), Madison County. Small amounts have also
been produced from the San Miguel district (No. 5), Judith Basin
County (Robertson and Roby, 1952, p. 46).

FELDSPAR

The feldspar minerals are potassium, sodium, or calcium aluminum
silicates and are the most abundant of the rock-forming minerals.
The relative concentration of potash, soda, and lime determine the
properties of the minerals. Silicic pegmatites may contain a concen-
tration of large crystals of potash feldspar together with soda feldspar.

1t Nore.—Figure indicated appears as a folded map at the rear of this document.
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The chief use for feldspar is in ground form as a constituent of
enamels, glasses, and pottery. It is the chief source of aluminum in
class and is also the chief flux. Additional uses are as fillers, bases
for scouring powder, ceramic binders, poultry grit, and roofing gran-
ules. In the ceramic industry potash feldspar, chiefly the variety
microcline, is used almost exclusively but soda feldspar can be used
in enamels and glazes. Both types have been found suitable for
glass manufacturing.

Most feldspar produced commercially has come from pegmatites
containing concentrations of very large crystals. Hand sorting is
necessary to separate the feldspar from the other minerals. Depletion
of rich deposits throughout the Nation brought about a search for
methods of beneficiation; as a result, the flotation method of feldspar
separation and concentration is now a common process. Feldspar is
sold in ground form. Maximum price is $17 per short ton.

No feldspar has been produced in Montana, mainly because of
distance and shipping costs to areas of industrial use. Feldspar-
bearing pegmatites are common in west and southwest Montana;
most of those that have produced mica could also produce feldspar.
Many more exist than are shown on the map (fig. 29).

BERYL

Beryl, found mainly in silicic pegmatites, is at present virtually the
only ore mineral of the important strategic metal beryllium. Because
of the need for beryllium, low-grade deposits of other beryllium
minerals such as phenacite and bertrandite are being investigated in
Nevada, Utah, Colorado, and elsewhere. Deposits of these minerals
are not yet known in Montana.

Beryl, Be;Al;(S10;), occurs as prismatic hexagonal crystals that
may sometimes be confused with quartz. Beryl is brittle and hard
(7.5-8), and, when pure, contains 13.9 percent BeO, though the usual
range is 9-11 percent. It is commonly green, but occurs in several
varieties with colors of emerald green, yellow, blue, white, and even
pale-rose red. The emerald-green clear beryl (emerald) is one of the
most valuable of all precious stones. Other gem varieties are the
bluish-green “‘aquamarine,’”’ the yellowish “golden beryl” or ‘helio-
dor,” and the rose-colored ‘“morganite.” Helvite, a beryllium mineral
not associated with pegmatites, has been found at Butte, Mont.

Beryllium is the lightest of all metals except lithium. The largest
single use is in copper alloys where beryllium imparts properties to
copper somewhat analogous to those which carbon imparts to steel.
The major uses of the pure metal are in X-ray tubes and in nuclear
reactors. Beryllium oxide has a melting point of 2,400° C., low
thermal expansion, high electrical resistance, and resists abrupt tem-
perature changes, properties that make it useful for various purposes
in rockets and missiles.

Beryllium is priced on the basis of BeO content. This is presently
$30 to $32 per unit for ore containing 10 to 12 percent BeO, or $300 to
$320 per ton for essentially pure beryl.

No beryl has been produced in Montana, but there are three known
occurrences. It occurs in pegmatites of the Tobacco Root Mountains
(No. 7), Madison County, and near Monarch (No. 6), 46 miles south
of Great Falls. A pegmatite containing scattered green prisms of
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beryl up to 2 or 3 inches long in a clear quartz-feldspar matrix is
located near Sula (No. 8) in southern Ravalli County. The pegma-
tites of the Sula area are perhaps the most promising in Montana.

PHOSPHATE
(By R. W. Swanson, U.8. Geological Survey, Spokane, Wash.)

Phosphorus, meaning light bringer, burns spontaneously in air.
Because of its great afiinity for oxygen, it is never found free or
uncombined in nature but almost always as a phosphate. Having
many valence states, it combines with many metals and nonmetals
to form a great many compounds for industry. Phosphorus is so
widely used that phosphorus compounds affect the everyday life of
most Americans and much of American industry. It is an essential
constituent of all life, hence its principal use is n fertilizers, yet the
most commonly produced white variety of the element is highly
toxic and must be used with appropriate caution. A large part of
the elemental phosphorus produced in furnace treatment is used in
the manufacture of detergents.

Most phosphorus in nature occurs as one of the apatite series
minerals. Common apatite or fluorapatite, (CaF)Ca,(PO,);, is
present in.almost all igneous rocks, and this is the ultimate source of
most phosphate on earth. It contains about 42 percent P,05 (or
18 percent P), 50 percent CaQ, and 8 percent CalF..

The largest, richest, and most important occurrences of phosphate,
including those of Montana, are the sedimentary apatite deposits
(McEelvey and others, 1953a), composed of the mineral carbonate,
fluorapatite. These deposits are marine in origin, deposition having
occurred from cold phosphate-rich waters that upwelled from the
ocean reservoir onto a Continental Shelf environment (MecKelvey
and others, 1953Db).

Very little raw phosphate rock (phosphorite) is used directly. For
mbpst of the fertilizer industry sulfuric acid is added, freeing the phos-
phate of its combined fluorine and forming synthetic gypsum, which is
usually filtered off. In the elemental phosphorus industry, phos-
phorite is smelted in an electric furnace, vaporizing the phosphorus
which is then condensed and collected under water (see Ruhlman, 1958,
and Waggaman and Ruhlman, 1960, for summary of industry
methods). Most of the net value of phosphate stems directly from
such treatment.

The United States ranks first in world production with 42 percent
of the nearly 44 million tons of phosphate rock produced in 1961
(Lewis .and Tucker, 1962). Montana ranks fourth among the States
after Florida (74 percent), Tennessee (12 percent), and Idaho (9 per-
cent). Montana and Wyoming production in 1961 was more than
1 million tons, having a value of more than $8 million, and the larger
part of this came from Montana (data for the two States are combined
to avoid disclosure of information from individual companies). In
1961, 55 percent of U.S. production was used in agriculture, 23 percent
in industry, and 22 percent was exported (most of that was also used
in agriculture).

94765—63—7



TABLE 5.— Montana gold districts
BEAVERHEAD COUNTY

Placer Lode
Local-
ity District . . . References
Date of dis- Principal period(s) Estimated production Status in 1962 Remarks Date of discovery Principal period(s) Manner of occurrence Estimated production Status in 1962 Remarks
covery of activity total (ounces of gold) of activity total (ounces of gold)
1| Bannoek_ ... _____._._.... 1862_ ... 1860°S. o oo 132,000 (10,800 since 1903).! Essentially dormant....| Most of productionfrom | 1862_ ... cc----. Pre-1903. oo Chiefly irregular replacement deposits | 108,140 _ . --- o _____. Small activity.ceceeeo--- First lode discovery in Montana. | Shenon (1931, pp. 39-40).
Grasshopper Creek. in Madison limestone near granodio- 35,571 ounces recovered since 1903.
First significant ore rite contact.
discovery in Montana. .
2| Argenta___________.__.. .| Early 1860’s...| 1870’ c oo e oo _-. Minor.... . ccaceaaoaoC Inactive. oo oceeca oo mcme e deme e ceees 1865, e e e 1926-42_ . oo ... In andesite sill and at contact with | 65,350 cccoaee______. Small intermittent pro- | First discovery was of lead-silver ore. Shenon (1931), Mpyers (1952,
Devonian shale. duction. Lode gold discovered in 1880. Chief PD.
gold production from Ermont mine,
discovered in 1926. Production un-
known prior to 1904. . .
3 | Bryant (Hecla).......-. Placers unimportant 1873, et 873-1904, 193449_...___ Replacement deposits in Cambrian | 17,400 ccceaee .. Little activity since 1949.| Gold is byproduct of silver-lead min- | Winchell (1914, pp. 80-86);
limestone; veins in quartz monzo- ing. 11,700 ounces recovered prior Karlstrom (1948).
| | | nite and along dikes. to 1913.
BROADWATER COUNTY
4 | Confederate Gulch 1864 . _______. 1864-69. ... ______._ 550,000 to 600,000_ ______. Inactive........._._...._. Production declined | Probably in 186(’s.| 1908-42, 1946-52___._____. Gold quartz veins in quartz diorite or | 9,300 minimum; produc- | Dormant since 1952_.._. Nearly continuous production from | Pardee and ¥Schrader (1933,
(Backer). rapidly after 1869; in bedding planes in Precambrian tion prior to 1908 un- 1908 to 1952 except for World War 1I. pp. 139-144; 162-163; 171).
placers very rich. shale. ! known.
5| White Creek.___.__.._.. 1800 1886-85..ccuscanessnass 67,700 to 92,000 _________ ’\Tegsly inactive sinee | ... .. ... Small amount of copper from lode mines but almost no gold Lyden (1948, pp. 18 and 74).
6 | Winston (Beaver Creek).| 1866.._..______ Early years. .. ........ 12,0000 oo No recorded activity [-..--_ ... 1867  -scccscmane cn 1908-18, 1926-53. ... ... .- Quartz sulfide veins in quartz mon- | 106,000 minimum._-...... Small production Of | oo ecceeeae Pardee and Schrader (1933, p.
after 1915. zonite and andesite. ’ lead, silver, and zinc. 214); Lyden (1948, p. 19).
7 | Park (Hassel, Indian | 1860._.________ 1870’s, 1911-15, 1933~ 43,000 _ oo ... Little activity since 1949 Most of gold produced | Early 1860’s...___. Prior to 1908, 1934-43....| Quartz veins in andesite near quartz | 36,000 _________._...._. Intermittent operations | Intermittent operations since discov- | Stone (1911, pp. 87—91)
Creek). 43, 1945-49. from 1940 to 1942. monzonite intrusion. continue. ery. .
8 | Radersburg (Cedar | 1866...__...___ 1866-1904 . _________ 25,000 to 49,000_ ________. Dormant...____________. Only 850 ounces pro- | 1866..--c-.o___.. 1866~78, 1908—43. ... .- --- Gold veins in andesite flows; base | 279,400 ... ______..-__..__ Only small, intermit- | Largest producer of lode gold in coun- | Winchell (1914, pp. 173 and
Plains, Cow Creek). duced since 1904. metal—silver veins in sedimentary tent operation since try. Nearly continuous production 182).
rocks and along contacts between 1943, to 1943.
sedimentary and intrusive rocks.
CASCADE COUNTY
| I |
9 | Niehart (Montana)....-. l Placers unimportant  |) O Gold production nearly | Veins in Precambrian gneiss and dio- | 67,000 c cccaeo o ccceaaao- Essentially dormant..__| In Little Belt Mountains. Gold | Weed (1900, p. 404); Schafer
continuous through rite and along contact with Tertiary mostly byproduct from silver-rich (1935, p. 15).
1952; sharp decline intrusives; low-grade disseminated base metal ores. Gold important
| | | 1 t arter 1949. deposits in Tertiary intrusives. } only in Snow Creek area.
DEER LODGE COUNTY
10 | French Creek..._....._. 1864, ... 186469 ... ______ Uncertain; 48,000 to | Production since 1905 | . oo occcccacaooaas
several times this intermittent and
amount. small Lode production insignificant Lyden (1948, p. 24).
11 | Georgetown.____.___.__. 1866(?)cccaaa-- 8 £y (1 - T Significant but wun- (| Dormant._._.___________. Only trivial production | 1866. - cccceeeo ... Before 1932... oo cccceeen Gold-copper in contact metamorphic | 300,000 since 1904; mini- | Little activity since 1952.| Most of production from Cable and | Emmons and Calkins (1913,
known production. recorded since 1931. deposits. Gold replacement veins mum total, 460,000 (in- Southern Cross mines. Fluctuating PD. 221-264).
in sedimentary rocks. QGold veins cluding placers). but nearly continuous production to
in granite. 1952 except for 1943-48.
FERGUS COUNTY
12 | Warm Springs (Maiden- | 1879. .| oo . Not known but proba- | ... .. ... Less than 100 ounces | Soon after placer ! 1901-21_ .. __ . _______ Replacements in limestone near intru- | 200,000 to 210,000 (in- | Production since 1932 | In Judith Mountains, 150,000 ounces | Weed and Pirsson (1898, p.
Gilt Edge). bly small-scale pro- since 1904. discoveries. sive contacts. Gold, sylvanite, cludes placers) small and intermit- recovered since 1900. 457); Corry (1933, pp. 36-40).
duction only. i %ulﬁdes in chalcedonic quartz and tent.
! uorite.
18 | North Moccasin (Ken- Placers unimportant ) |11 ; S 1900-22, 193642 ... Ore mostly in bituminous and argilla- | 425,000 to 450,000 ... Only desultory opera- | In North Moccasin Mountains_.____ Blixt (1933, pp. 5and 21).
dall). ceous layers near top of Madison tioms since 1942.
| | limestone.
GRANITE COUNTY
14 | First Chance (Garnet)..| 1865 ____..__._. Early years, 1939-42___| 260,000 to 355,000, ..._._. Small-scale activity | Most of gold recovered | 1867 ....__.... 1896-1903. . - oo Pyritic gold-copper veins in grano- | 85,000 to 90,000 .__._____ Essentially inactive | Continuous but fluctuating produc- | Pardee (19183, pp. 159-195;
(1960). in 1st few years. di}(;rite and adjacent quartzite since 1951. tion maintained through 1942. 231-232).
schist.

15 | Henderson Creek....... 1866 oo 1866-1913, 1939-54.... .. 80,500 - e ocoeo oo Inactive.... .. _.....___ Scheelite recovered with | Following placer | 1932-42. . cececeacao- Veins on Henderson and Sunrise | 1,300 - oo _______ Inactive...__.__________. Lode production unimportant________. Emmons and Calkins (1913,
g(f)ld duxt'iing last years discoveries. Mountains. : p. 263); Lyden (1948, p. 39).
of operation.

16 | Boulder Creek.._._..... 1885 . .. 1909-10. . ____._______ Less than 1,500..._______ Essentially inactive.___. Intermittent operation | 1885._.__.________. 1885-1906, 193243 __ Gold veins with silver in granite, | 57,000 - ccaeeae ... Small production re- | Royal mine chief producer. Only | Lyden (1948, pp. 40-41); Em-
through 1942. Precambrian and Paleozoic siliceous ported i minor production since 1943. mons and Calkins (1913, pp.

rocks; a few replacement veins in 246-250) .
Paleozoic limestone.
17 | Flint Creek (Philips- | ?-ooo - ... 1904-5,1914-15_________ Minoraoee . Inactive.ooe oo .. Mining attempted spo- | 1864 ccceccaeaaa-—. 1875-92, 1898-1904, | Most deposits occur as replacements | 260,000. ..o Manganese production | Gold recovered as byproduct from | Lyden (1948, pp. 38-39); Em-
burg). radically along Flint 1951-60. in limestone and in veins cutting continues at reduced mining of silver-base metal ores. mons and Calkins (1913)
Creek, generally un- across Philipsburg anticline, but rate since 1958. Small Manganese mining important since
profitably. most productive mine is in granite. base metal produc- 1951. 60 percent of gold produced
tion. from granite-bimetallic mine.
JEFFERSON COUNTY
1
18 | Clancy, Wickes, Colo- | 1865..._...__.. 1933-42, 1946-48________ 100,500 . ... 2 small placers active in | Dredging in Lump | 1864 ... ____..__. Prior to 1893 . _..____ | Veins in quartz monzonite and vol- | 258,000 - _ o cccoooooooo|ooooooooioooooooioooooo- Nearly continuous production but | Pardee and Schrader (1933,
rado (includes Warm 1960 on Clancy Creek. Gulch produced 93,760 canic rocks. Gold chiefly byprod- sharply reduced since 1950. hief pp. 185-186; 223-227); Lyden
Springs and Clancy ounces, 1923-48. uct of silver-lead mining. gold production from Wickes area. (1948, pp. 42-47); Knopf
reeks and Lump (1913, pp. 107-119); Sahinen
Gulch). (1959, p. 135).
19 | Basin and Boulder (in- | (?)..-...______ 193241 ______. 12,0000 ... In 1960, 1 hand placer | 8,471 ounces recovered | Before 1870...._... 1905-8, 1916-20, 1924-26, | In veins of 2 ages in quartz monzonite, | 176,200 .. _______.__.____ Minor activity since | Gold recovered partly as byproduct of | Lyden (1948, PD. 48-50); Pardee
cludes Basin, Cata- reported working on from Lowland Creek, 1935-41. Older base metal veins. Younger 1954. silver and base metal mining. and Schrader (1933, p. 287-
ract, and Lowland Cataract Creek. 1938-41. gold-silver veins. 299); Knopf (1913, pp. 121-
Creeks and upper
Boulder River.

20 | Elkhorn. - ... ___.______ () PRS- 1040 oo oo 7|, | ) 517:V1\ 1 (ORISR, ISR OR ST O (0 [0 )OS S Ore in contact metamorphic deposits | 79,800 ..o ccoccoooooaoo. Only small production | On eastern margin of Boulder batho- | Pardee and Schrader \(1933
(Dolcoath mine); auriferous silver- since 1952. lith. Gold is byproduct of silver- pPp. 299-300); Knopf (1913,
lead replacement deposits (Elkhorn lead mining. pp. 128-139); Klepper and
mine); sulfides in augite gangue others (1957, pp. 67-72).
(Golden Curry mine).

21 | Whitehall (Cardwell). .. Placers unimportant. Total production less than 150 ounces. 1896 . - - cecceeeee 193349 e eeeeeeeeee Quartz veins with pyrite, galena, and | 100,000, .. __ oo ....._. No production recorded Insouth end of Bull Mountain Range. | Winchell (1914, pp. 97-99);
sphalerite in Belt series rocks and since 1957, rcent of production from Roby and others, 1960.

| | | | quartz porphyry. Gol en Sunlight mine.
LEWIS AND CLARK COUNTY
22 | Rimini (Vaughn)-Ten- | 1864 . . | ccocooccceeeeos 4,275 e et e 1864. oo ceeeeeeee Prior t0 1907 - e Auriferous lead-zinc veins in Creta- | 194,000 . ..o ... Only minor activity | Has also produced lead and silver._... Knopf (1913, pp. 80-85).
mile. ceous volcanics and quartz monzo- since 1957.
nite. Low-grade disseminated de-
posits in Tertiary rhyolite.
23 | Helena-Last Chanee....| 1864.._________ First few years; 1935~ | 940,000 minimum..._____| Only minor activity | Richest ground mined | 1864.. .. __.._.___. First few years; 1934—40.| District on north contact of Boulder | 345,000 minimum..______ Only minor activity | Most of production before 1900. In- | Lyden (1948, pp. 56-57);
50. since 1950. out by 1900. batholith. Ore occurs as dissemi- since 1940. termittent operations, 1800-1934. Knopf (1913 pp. 85-102).
nated deposits in intrusive rocks,
veins in sediments and instrusives,
contact metamorphic deposits and
replacements in carbonate rocks.
24 | Missouri River-York | 1864.__________ Early years; 1909-13, | 265,000 ... _____________ No production reported |- ____________________ Prior to 1870.. ... Early years; 1895-1900...| Small quartz veins and replacements | 70,000 minimum._________ Idle since 1942 ____.__.__ On west side of Belt Mountains. | Pardee and Schrader (1933,
(Trout Creek). 193444, since 1950. in quartz diorite dikes and along Golden Messenger mine continued pPp. 176-182; 121-122).
. bedding in adjacent Belt shales. producing until 1942.
25 | Sevenmile-Scratchgravel | 1864___________ Early years..o...._._. 59,000 - . Only slight activity | Early discoveries soon | 1872 .. .._._. 1) (i | S —— Scratchgravel Hills, contact meta- | 49,000 - ocooocoaaaean. Desultory output from | First discovery silver. Rich gold | Pardee and Schrader (1933,
since 1930. exhausted. @ Mining morphic deposits and pyritic veins small mines since 1918. found in 1913. pp. 35-62).
continuous to 1930 on in quartz monzonite. Sevenmile
Sevenmile Creek. Creek, irregular pockets and pipe-
like deposits in limestone.
26 | Marysville (Ottowa)- | 1864 oo _.._ Early years, 1938—41__.| 164,000...__.___________ Essentially dormant | Mostly 1dle 1904-33_..._. 1876 o eceeeeeeeee 1876-90’s, 1911-51_ ... QGold-silver quartz veins in meta- | 1,146,000 ... _.________ Intermittent small-scale | Most of production from Drumlum- | Barrell (1907); Knopf (1913);
Silver Creek (includes since 1941 hosed Belt Series rocks around operation of several mon mine. Last significant produc- Pardee and Schrader (1933).
Bald Butte south of small quartz diorite stock and in small mines in 1960. tion in 1951, Drumlummon closed
main district). marginal portion of intrusive. in 1956.
27 | Stemple (Gould)-Vir- | Uncertain._._. Previous to 1927_..._.. 29,200 - oo Dormant since 1922 . - _ | oo eeeeeeeas Prior to 1878....... Early years, 192242____. Vein in Belt sedimentary rocks and | 216,000 ccccccccccaaaaaa-- Dormant._....___._.__.. Intermittent work from discovery | Lyden (1948, p. 63); Pardee
ginia Creek. in quartz diorite stock. through 1951. Sharp decline after and Schrader (1933, pp.
closing of Jay Gould mine in 1942. 77-87).
Gold accounts for 95 percent of value
of production.

28 | McClellan Creek........ 1864 e -- 186475 oo ccceeaae 340,000 - - ... Inactive. ..o ooocoooooooo. Placers small but spec- Little or no production from lode mining Lyden (1948, p. 64); Pardee
tacularly rich. Schrader (1933, p. 118).

29 | Lincoln_ - ______...__.. 1865 - cccee--- 1865-75, 1941-42........ 341,000 ______. Lastrecorded activity in| Intermittent operation Lode gold production less than a few hundred ounces Lyden (1948 Pp. 65-66, 3 Pardee

1954 and 1955. since 1904 has yielded and Schrader (1933 pPDp.
2,400 ounces. | | 115-117).
LINCOLN COUNTY
30 | Libby (Snowshoe)...... 1867 ... 103047 ..o ovocoan s 1,600 (production since | Imactive_...____________. Mining did not begin | 1890’S.cccccacao--. 1031-45. .- o cauvenacuanea 5 Lead-silver and gold-quartz veins in | 16,300 (production since | No recorded production | Lead-silver veins discovered earlier. | Gibson (1948, pp. 67-76); Lyden
1901 only). until early 1880’s. shear zones and bedding plane faults 1901 only). since 1945. Most of gold byproduct of lead- (1948, pp. 76-78).
in Belt senes sedimentary rocks. silver mining.
Gold veins mostly in small area 20
. . N miles south of Libby.
31 | Sylvanite (Yak).caee - No record on placer production Not known....... 1932-40. e oo mcceceeeeee Gold-bearing quartz-pyrite veins in | 10,850 .o oo oo Only desultory work | Early history unknown. Was ghost | Gibson (1948, pp. 69-70).
i | | sandstone. since 1940. camp by 1905.
MADISON COUNTY
32 | Virginia City-Alder | 1863..___.____.. 1863-66, 1899-1922 2,475,000 minimum | Essentially inactive | Richest placersin Mon- | 1864..........._... 1867-90, 1932-53...co-.- Quartz veins and stringers in Pre- | 142,000 . oo coocooocoaoooo Only very small produc- | Nearly continuous but fluctuating | Knopf (1913, p. 15); Lyden
Gulch. s (some estimates much since 1950. tana. Yielded $30,- cambrian gneiss. tion since 1953. production to 1953. (1948, pp. 80-83); Tansley,
higher). 000,000 in 1st 3 years. §7ch5%f)er, and Hart (1933, pp.
33 | Norris (includes Nor- | 1864._..______. 1864-1902, 1936-42-...__ 29,000 minimum_________ INACHIVE. cocccnsnnssassalsssnsessnascensassnsesnsns 1864, oo Prior to 1902, 193342._..| Quartz veins in quartz monzonite and | 235,000 .o coccco-.._ Only minor activity | Production declined sharply after | Winchell (1914, pp. 111 and
wegian, Hot Springs, Precambrian gneiss near contact of since 1953. 1942. 118).
%thS;Vashington dis- two.
ricts).
34 | Pony district (includes Placers have yielded less than 250 ounces Early 1870’s_______ 1870-1918, 192844 ______._ Quartz veins in Precambrian gneiss | 346,000, ... ___.______ Only minor production | Only small, sporadic production from | Winchell (1914, p. 119); Tans-
Mineral Hill and near contact with quartz monzonite since 1944. 1919 to 1927. ley, Schafer, and Hart (1933,
South Boulder Creek). of Tobacco Root batholith. Some p. 4).
. veins in intrusive.

35| Renova..ooococeeeaao.. Placers unimportant 1896 - e 1896-1905, 1934-42________ Veins in Paleozoic limestone and Belt | 162,000 . ..o ocooocoaeao. No significant produc- | Most of production from Mayflower | Winchell (1914, pp. 99-101).

series sedimentary rocks. Ore at tion since 1953. mine. Activity declined sharply
. Mayflower mine chiefly tellurides. after 1942.

36 | Silver Star-Rochester.._. Placers small and unimportant 1860°S e e e cocecee e Early years, 1935-42_____ Near southern end of Boulder batho- | 225,000 . ... _..__.______ Only minor activity | Silver and base metals also recovered-.| Sahinen (1939, pp. 5-7); Win-
lith. Veins in Precambrian gneiss; since 1951. chell (1914, pp. 126-132; 139- ~
cgntact deposits in Paleozoic lime- 144).
stone.

37 | Tidal Wave (Twin Placer output negligible 1864, - cceeeeeee Early years, 1931-55_____ On west side of Tobacco Root batho- | 33,400 (production since | Only minor activity | Little development until 1874_________ Winchell (1914, p. 145); Tans-

Bridges). lith. Contact deposits in Paleozoic 1904 only). since 1955. ley, Schafer and Hart (1933,
limestone. Veins in Precambrian Pp. 34-89).
gneﬁs. Some veins in quartz mon-
zonite.
38 | Sheridan (includes | 1864 - o |ecmmmoomaeaaae. 2,000 (production SINCE ooce  coascos sessssssacea|sennennnnen o 1864 oot Early years, 1931-52__. .. Veins and replacements in Precam- | 31,500 (production since Regular production through 1952 with sharp drop after 1948 Tansley, Schafer, and Hart
Ramshorn). 1904 only). brian gneisses, schists, quartzites, 1904 only. Early pro- (1933, pp. 4045).
and limestone near quartz monzon- duction known to be
ite stock. substantial). |
MINERAL COUNTY
I I ! I I
39} Cedar Creek and Trout | 1869 and 1872._| Early years_....._.... 120,000 cccczocscsanassss Only small-scale desul- | Most of gold recovered No significant production of gold from lodes Lyden (1948, pp. 98-103).
40 Creek. }82% operations since before 1908.
| | I | |
MISSOULA COUNTY
| |
41 | Ninemile Creek_.__...__ b 1.y S 1874-1015, 1934-48...___| 100,000 to 125,000 ... ... Only small-scale ac- | Gold in glacial moraine. | No significant prolduction of gold from lodes | Lyden (1948, pp. 103-107);
tivity. Dredging in 1954 re- Pardee (1918, p. 234).
covered 1,300 ounces.
. Nearly dormant since.
42 | EIk Creek-Coloma...... 1865. .. ... Early years, 1938-40.__| 52,000 to 100,000. ... Intermittent activity (... . ____ 1867 cccccccaccceen 1897-1907(?), 1932-52..... Quartz-pyrite-gold veins in granodi- | 17,000 .cccoccccacacana-- Only minor activity | Most production from Coloma area. | Pardee (1918, pp. 195-205; 231).
only since 1940. orite. since 1952. North side of Garnet Range adjaceni
to locality 14. Production declined
sharply after 1942.
PARK COUNTY
[ |

43 | Emigrant Creek.._._.... Uncertain._...| 1941-42, 1946-47___.__._ 15,0005 cccan o zoscussans Inactive ..o oooo_._.. No records available | 1870’s.......... e Lode production unimportant since 1901. Early production unknown Reed (1950, pp. 14; 49-54);
before 1905. Mining Lyden (1948, . 110).
pr;?r to 1941 on small
scale.

44 | Jardine (Sheepeater)....| 1866..cccee--- Small-scale production only. Only 400 ounces reported recovered since 1901. £/ 1 IS [ | Replacement veins with arsenic and | 190,000 to 200,000_._..... ) (; | Produced until 1948 when mill burned | Seager (1944).

tungsten in Precambrian gneisses.
X Veins are Precambrian in age.
45 | New World (Cooke) .| oooooooooo_ Placer output negligible. 1870 c oo 1882-87, 1890’s, 1933-53...| Contact metamorphic deposits and | 66,000.. ccoccccacaca .- Only small-scale mining | Intermittent production since dis- | Reed (1950, pp. 8-9); Lovering
sulfide veins. since 1957. covery but until 1933 mining (1930).
l confined mostly to silver base metal
ores.
I |
PHILLIPS COUNTY

46 | Zortman-Landusky...._| 1884 __________ Recorded placer production small. Early records not available. 1893, 1803-19, 1930-43, 1946-50.| Gold-silver veins in porphyritic lac- | 380,000 c.ccccccamccaaana Essentially dormant....| In Little Rocky Mountains. Emmons (1908, pp. 97-98;
colith intrusive into Precambrian | 104-106); Corry (1933 pp.
schist and Paleozoic limestone. ’ 32-36) .

Also as disseminated bodies in
porphyry and replacements in
l limestone.
POWELL COUNTY
. . - . ]
47 | Finn (includes Wash- | Early 1860’s...| 1908-16, 1931-42_.._____| 81,000 ._____.___________ No recorded activity._..| Production since World Lode production since 1933 1s oloo ouncee. Na records of eLrlier production. ' Lyden (1948, p. 128).
ington, Jefferson, and War 11 is small.
Buffalo Gulches).
48 | Ophir (Avon)....._..... 1865 cooo- 1865-75, 1934-35..._._._| 180,000 .- __________. No recorded production | Most production re- | 1888 ... _...._.____ 1909-18, 193644 _________ Veins mainly in Paleozoic limestone | 8,500 o ccceoeenoocee-- Inactive ooooocoeoooooooo No recorded gold production since | Pardee and Schrader (1933, p
after 1954. covered before 1875. surr]?undlng quartz monzonite 1954. ‘;2—1135) Lyden (1948, p. 124 )
X stocks. opf (1913, p. 15).
49 | Pioneer-c.-c=zcazemvmsas 1852, ... 1862-98 . ... 276,000. = o conuenc s sumns No systematic work | First discovery of gold | Early. ..o o | cccmmmmicoecemccceaaa-- Quartz, calcite, pyrite, chalcopyrite | Less than 1.000..___..o-_|-co. o (Y A Lydenp (1948, e p. 120-121);
after 1947. in Montana. veins in granite. Emmonf) m(lld (alkins (1913,
. p. 251); Pardee (1951)

50 | Zosell (Emery)--.------- 18720 ... 1872-92. ... 3,600, oo Inactivesinee 1904. ... | . __. 1888 .. eooo... 193541 oo Narrow quartz-sulfide veins in vol- | 39,400 ..o Little activity after 1951.| Most production from Emery mine....| Pardee and Schrader (1933, pp.
canic rock of late Cretaceous or early 270-273, 280).

Tertiary age.
RAVALLI COUNTY
|
51 | Hughes Creek......_.... By . cccaucas|csssscsasascssenssasasan In excess 0of 10,000 ... Small &I;g sporadic |..cscussccassosancsansaaas ' ! No record of lode gold production ! Lyden (1948, p. 132).
since 2
| I | I |
SILVER BOW COUNTY

52 | Summit Valley (Butte).| 1864 . caceo|ocomcam et 1,530,000...<ccocasnmnsens Inactive....cccccccscssss Production, 1903-51, | 1875 oo | ceec e ccccecccccc——- I Complex system of veins in quartz | 2,406,039 (estimated by | Continuing production..| Gold is byproduct from mining of | Weed (1912, p. 18); Lyden

less than 6,000 ounces. | monzonite the Anaconda Co., ‘ copper. (1948, pp. 143-144); Sales
. _ ) ! 1880-1961). (1914, . PP 3-109).
53 | Highland district....__.. 1866 e 1866-76_- oo (€9 I P (0 . Early production un- | 1866-..__.ccoaoo.. Early days, 1931-44...__. Veins, chimneys, and contact de- 000 - oo aeeeee Inactive ..o ...____ | Only small, sporadic production since | Winchell = (1914, pp. 89-90);

known. Production
since 1932 trivial.

‘ posits near contact of Paleozoic
limestone and intrusive rocks of
; Boulder batholith.

1951.

Sahinen (1959, p. 135).

94765—63

(Face p. 71)
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It should be noted that some apatite is present in virtually all rock
and therefore all soils. This helps make the soil of any area a valuable
resource. If the content is insufficient for agricultural needs (this
may be due to cropping), as is true for some Montana soils, phosphate
must be added for successful agriculture. It is partly in satisfaction
of this type of need and partly to satisfy an evergrowing chemical
industry that the minable phosphate deposits of southwest Montana
attain their importance as one of the State’s valuable mineral resources.

The western phosphate field of the United States, extending from
western Montana through southeastern Idaho and western Wyoming
to northern Utah, contains one of the world’s largest occurrences of
sedimentary apatite. These have been investigated extensively since
World War II by the U.S. Geological Survey (Swanson and others,
1953) ; these investigations included the collection of more than 1,500
channel samples from more than 60 localities in Montana, and this
report is based on these studies.

Most of the phosphate in the western phosphate field occurs in the
Meade Peak (lower) and the Retort (upper) phosphatic shale members
of the Phosphoria formation, which are part of a complex sequence of
sedimentary rocks of Permian age (McKelvey and others, 1959).
The Permian rocks near Lima, at the southwest corner, are more than
800 feet thick. They thin northward and eastward to near zero
northeast of Three Forks and northwest of Drummond, partly by
unconformable relations to underlying and overlying formations.
The Meade Peak member pinches out between Dillon and Butte, but
the Retort member has been identified in every area of southwest
Montana in which Permian rocks have been found.

The phosphatic shale members are composed of interbedded shaly
siltstone, phosphorite, and some chert, dolomite, and sandstone.
Their dark-brownish-gray to black color is due chiefly to included
organic matter. The phosphate is mostly pelletal to oolitic, with
grains in the fine- to medium-sand-size range (J%4-¥% mm), but some is
nodular and some is composed of phosphatic shell and bone fragments.
The grains occur scattered through other rock types, in thin layers
interbedded with other rocks, and in thicker layers of mostly apatite.
Beds of pure carbonate-fluorapatite (39.1 percent P,O;) do not occur.
Minable thicknesses almost everywhere include thin layers rich in
other rock materials that dilute the ore, and the quality of an ore is
chiefly a function of the amount, and partly of the identity, of such
dilution. Thus carbonate is undesirable for both acid and furnace
treatment. Silica, on the other hand, is relatively inert in the acid
treatment, but in the furnace it acts as a flux to help smelt the ore so
it is a valuable ingredient and must be present in furnace feed in a
fairly definite ratio to the phosphate.

Sedimentary rocks of Paleozoic and Mesozoic age, including the
Permian strata, accumulated over all of southwest Montana, cover-
ing the older rocks like a blanket 10,000 to 15,000 feet thick. Later
these rocks were folded and faulted and invaded locally by granite
bodies. The region was uplifted, and much of the material from the
higher areas was eroded, including the Permian rocks from some fairly
large parts of the region. As a result the Permian rocks crop out in a
narrow band that winds back and forth acress southwest Montana,
interrupted by faults, igneous intrusions, or later cover (fig. 30).! In
some areas these rocks occur high on the mountains, in others they

1t Nore.—Figure indicated appears as a folded map at the rear of this document.
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lie deeply buried. In downfolded areas they are continuous from
one outcrop band to the next, in places beneath many thousands of
feet of younger rocks.

Unlike other stable minerals, such as gold and magnetite, sedi-
mentary apatite in the western phosphate field is not known to have
formed valuable placers. Of the phosphate rock that is now present,
that which is deep below entry level is of little immediate economic
interest, for the rock is so plentiful that its value per ton is low and
the costs of deep mining are too great. Such rock is of interest from
the standpoint of long-term resource appraisal, however. The ton-
nage estimates of phosphate present in western Montana (table 6)
are based on minimum thicknesses of 3 feet and grade cutoffs of 31
percent (acid grade), 24 percent (approximate furnace grade), and
18 percent (potential beneficiation grade) Py;O;. In addition esti-
mates are made for rock above entry level, rock in the first 100 feet
vertically below entry level, and the total tonnage in the block. This
table combines the detailed estimates for southwest Montana (south
of Butte) (Swanson, 1960) with less detailed estimates for the northern
area (the detailed estimates for the northern area are in preparation).
It shows the phosphate in the two shale members separately.

TaBLE 6.—FEstimale of phosphate resources in Permian rocks of western Monlane,
in millions of short tons 1

Tonnage | Tonnagein
Grade cutoff and reporting unit above st 100 Total
entry level | feet below tonnage
entry level
Rock containing more than 31 percent P2Osx:
Retort member. ... s 40 16 450
Meade Peak member. ..o 35 4 150
otal e 75 20 600
Rock containing more than 24 percent P20s: 2
Retort member. 200 53 4,000
Meade Peak member. ... 150 32 -3, 500
oAl L e 350 85 7, 500
Rock containing more than 18 percent Pe0;: 2
Retort member_ 820 250 17,000
Meade Peak member_ e 230 50 , 250
) OO OSSR 1,050 300 24, 250

1 Baged on data already published (Swanson, 1960) plus rough estimates for area north of Butte.
2 Includes tonnages in rock of higher grade.

A summary of the phosphate industry of Montana (Crowley, 1962)
shows the rapid expansion of this industry since 1940. Phosphorite
is being mined from the Retort member near Melrose for treatment in
the electric furnaces of the Stauffer Chemical Co.’s Victor Chemical
Works at Silver Bow southwest of Butte. It is mined at several
places north of Garrison by the Montana Phosphate Products Co. for
treatment in Canada at the fertilizer plants of the Consolidated
Mining & Smelting Co. of Canada, Litd. Another mine is being
developed near Maxville to produce rock for shipment to Canada.
The Relyea mine north of Garrison supplies phosphate rock to other
producers. Phosphorite has been mined from the Meade Peak
member in the Centennial Range west of Yellowstone Park by the
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J.R. Simplot Co. Many other small mines have produced limited
‘tonnages of phosphate.

Many other elements of economic interest occur with the western
phosphate. Fluorine (see chapter on fluorite) is part of the phosphate
mineral and is present in the approximate ratio of 1 part F for every
10 parts P,O;. There is thus 1 ton of F for every 32 tons of rock
containing 31 percent P;0;, for every 40 tons at 25 percent grade, or
for every 50 tons at 20 percent grade. The reserves of fluorine,
therefore, are very large. Fluorine is being recovered from some of
the Florida phosphorite, but none has been recovered on a commercial
basis from Montana phosphorite.

Uranium, vanadium, chromium, nickel, molybdenum, and rare
earths are present in small amounts in most western phosphorite.
Vanadium has been recovered from phosphorite mined in Idaho
(Caro, 1949). Uranium (see chapter on uranium) is being recovered
from some Florida phosphorite, in which it occurs in comparable
amounts to western phosphorite. Vanadium concentrates in ferro-
phosphorus, and it is being recovered from ferrophosphorus produced
by electric furnace in Idaho (Fulkerson and others, 1962). Chromium
and nickel also concentrate in the ferrophosphorus and can be re-
covered therefrom (Banning and Rasmussen, 1951). Data on the
content of these metals in ferrophosphorus produced in Montana are
not available.

" Approximately 1% tons of synthetic gypsum is produced in the
sulfuric acid treatment of phosphorite to make 1 ton of triple super-
phosphate (high quality) fertilizer. This is removed by filtration and
it is discarded, but it could be recovered and used in a variety of
building materials and for agricultural purposes.

0il shale occurs in beds associated with much of the phosphorite in
the Retort member in southwest Montana (Condit, 1920) (see chapter
on oil shale). Beds 18 feet thick contain more than 18 gallons per ton
at one locality and beds 24 feet thick contain nearly 15 gallons at
another.

. As the phosphate in the western phosphate field is a bedded deposit,
like coal or oll shale, application of neither the lode nor the placer
laws proved satisfactory for mining purposes. Western phosphate
lands were therefore withdrawn from entry (Gale and Richards, 1910),
but they are available under lease from the Government or the State
for mining of phosphate, for which a small royalty is charged (see
Crowley, 1962, p. 4). Most of western Montana underlain by Per-
mian rocks is public land (Willey and others, 1954) and is subject to
the leasing regulations.

SALT
(By A. F. Bateman, Jr., U.8. Geological Survey, Great Falls, Mont.)

Halite (NaCl) or rock salt is present in the subsurface throughout
most of the Williston Basin. In the Montana portion of the basin
there are 10 separate salt beds ranging in age from Devonian to
Triassic (Pierce and Rich, 1962, p. 51-61; Anderson and Hansen,
1957).
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The Prairie formation (Prairie evaporite formation of Canada) of
Middle Devonian age, consists of a rather thin lower member that is
mostly anhydrite and dolomite interbedded with shale and thin beds
of halite and a thicker upper member that is mostly halite with some
mterbedded anhydrite (Baillie, 1955, p. 590-597; Sandberg and
Hammeond, 1958, p. 2304, 2307; Sandberg, 1961, p. 112-114). On the
flanks of the Williston Basin an anhydrite bed overlies the salt. The
salt is colorless to moderate reddish-orange and grayish-red, and
varies from fine- to very coarse-grained, with the coarse-grained
material chiefly in the upper part of the unit. The salt member is
more restricted than the lower member and in Montana underlies
about 3,800 square miles in Sheridan, Daniels, Roosevelt, and Rich-
land Counties, as is shown on figure 31.! The formation attains a
thickness of about 600 feet where best developed in south-central
Saskatchewan, but in Montana it has a maximumn thickness of about
250 feet in the northeast corner of the State, from which it thins south-
ward and westward. West of this area, the salt has been removed by
solution as a result of movement of ground water across this part of
Montana in a general northeast direction (Milner, 1956, p. 111).
Depth below ground surface ranges from 8,000 to 11,600 feet.

In Saskatchewan, the potash minerals sylvite (KCl) and carnallite
(KMg Cl;.6H,0) occur with the halite in at least three zones in the
upper 200 feet of the salt member (Goudie, 1957, unpublished report).
These zones are continuous and recognizable over large areas. To
date, potash minerals have not been reported in Montana, but no
special search for potash seems to have been made. Tracing of the
potash-bearing zones into Montana is difficult because of wide well-
spacing, but two zones have been identified tentatively in a test for
oil and gas in Sheridan County. In the last 3 years, potash has been
produced commercially in Saskatchewan, where reserves of recoverable
ore containing 25 percent or more potash, and lying at depths of
less than 38,500 feet, are estimated at 6.4 billion tons (Pearson, 1960,
B 2). :

During deposition of the Charles formation of Early Mississippian
age, environmental conditions in the Williston Basin fluctuated
between penesaline and evaporitic, resulting in a thick alternating
sequence of carbonates (limestone and dolomite) -and evaporites
(anhydrite and salt) (Anderson, 1958; Andrichuck, 1955, p. 2175-2182,
2199-2206; Nordquist, 1953, p. 68). In Montana there are six salt
beds designated “A” through “F” (Pierce and Rich, 1962, p. 56-57,
Anderson and Hansen, 1957, pls. 1-2, figs. 4-9). The “A” bed is the
thickest and underlies the greatest area. Data on the salt beds are
as follows:

Bed Usual thickness Maximum | Areal extent Depth of cover
thickness | square miles feet

feet ) ’

110 12,400 | 5,600 to 8,500,

50 6, 900 | 6,000 to 8,600,

30 4,850 | 6,700 to 8,650.

70 11, 500 | 5,800 to 8,850,

30 1,800 | 7,650 to 8,950.

75 6,700 | 6,100 to 9,050,

1 NoTE.~—Figure indicated appears as a folded map at the rear of this document.
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PERMIAN SALT

A small part of Montana along the North Dakota border is under-
lain by a salt bed 30 to 80 feet thick in the Opeche formation of
Permian age (Pierce and Rich, 1962, p. 58; Anderson and Hansen,
1957, pls. 1-2, fig. 3). The area covers about 1,300 square miles.
Beneath a smaller, separate area of about 500 square miles, the salt
occurs either in very thin layers or disseminated in the orange-red,
anhydritic and dolomitic siltstones, shales, and sandstones. Cover
ranges from 7,000 to 7,300 feet in the larger area and from 5,950 to
7,600 in the smaller area.

The Pine salt, one of the most extensive salt beds in the Williston
Basin, underlies the extreme eastern edge of Montana from Carter
County northward through Roosevelt County (Pierce and Rich,
1962, p. 59, fig. 24; Anderson and Hansen, 1957, pls. 1-2, fig. 2).
Thickness ranges from a featheredge to more than 300 feet just east
of the Montana-North Dakota line in Slope County, N. Dak. The
Pine salt is predominantly halite, but contains thin interbeds of
reddish-brown mudstone and anhydrite and is capped by a layer of
anhydrite. It underlies approximately 6,200 square miles in Montana
and has from 6,650 to 7,100 feet of overburden. A stratigraphically
higher bed, the Dunham salt was restricted in deposition to the
deeper part of the Williston Basin (Pierce and Rich, 1962, p. 59,
fig. 26; Anderson and Hansen, 1957, pls. 1-2, fig. 1). It covers an
area of about 1,150 square miles in Montana, mostly in Richland
County; has a maximum thickness of nearly 50 feet; and has from
5,450 to 7,050 feet of overburden.

To date there has been no production of salt in Montana. Near
Williston, N. Dak., however, the Dakota Salt & Chemical Co., a
subsidiary of General Carbon & Chemical Corp., is mining salt by
solution methods from the A bed of the Charles formation at a depth
of about 8,200 feet, and propane gas is being stored in the cavities
produced.

SAND AND GRAVEL
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

Sand and gravel, so abundant that few people think of them as
mineral deposits, actually comprise the largest mineral industry in
the United States in terms of tonnage, and the fourth largest in terms
of dollar value. Only crushed stone, petroleum, and portland cement
exceed sand and gravel in value. U.S. production in 1961 amounted to
751,784,000 tons, valued at $751,301,000. During the period 1862~
1961 Montana produced more than 137 million tons (written com-
munication, R. D. Geach, Montana Bureau of Mines and Geology,
1961); in 1961 it produced 14,702,000 tons valued at $13,506,000
(D’Amico, Kathleen J., 1862, p. 138).

Major uses for sand and gravel are in aggregates such as concrete,
mortar, plaster, and asphalt, and as ballast on railroads and highways.
Construction of dams and highways consume the greatest tonnages,
but hardly any construction of any type is undertaken without using
sand or gravel in one form or another.

Sand and gravel constitute a low-cost commodity. Prices are
generally less than a dollar per ton at the source for washed and graded
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products meeting various specifications. Transportation is a major
cost item, and every attempt is made to locate large deposits as close
as possible to major users; as a result there are thousands of sand and
gravel producers, each supplying the needs of local markets. Where
lIocal supplies of sand and gravel are unavailable, it is a common
practice to substitute locally manufactured crushed rock.

Sand and gravel deposits may be glacial, fluvial, marine or lake, or
residual in origin. Because most operations require a substantial
quantity of raw material with the highest possible proportion of
grains within a preferred size range, selection of suitable sand and
gravel deposits requires an understanding of the geologic processes
responsible for their formation. As an example, glaciation can form
a wide variety of unconsolidated deposits, ranging from unsorted till
containing a high proportion of clay- and silt-size material mixed with
boulders of almost unmanageable size, to deposits of outwash sands
and gravels that are clean and well sorted, and suitable for immediate
use. The success or failure of any enterprise dealing with such a
low-cost commodity depends to a large degree on adequate geologic
information.

Sand and gravel deposits in Montana are principally glacial or
fluvial in origin. Major glacial deposits are therefore generally
north of a line approximately halfway between the Missouri and
Yellowstone Rivers (the area of continental glaciation) and in valleys
in many of the mountain ranges where alpine glaciation occurred.
Fluvial deposits are found in stream valleys, except where streams
drain areas of soft bedrock, or where the valleys are too short or
parrow to permit significant accumulation. Only major areas of
sand and gravel deposits are shown on figure 32. !

SILICA
(By R. D. Geach, Montana Bureau of Mines and Geology)

Silica (Si0,) is used in a wide variety of industrial applications.
Quartz, its commonest mineral form, is the principal mineral in the
silica of commerce. It is a common gangue mineral in veins of
hydrothermal origin, where it is generally associated with other min-
erals, although veins in which quartz is essentially the only constituent
are not uncommon. Quartz is also found as large masses in the cores
of some pegmatites. Quartz in many rocks has been set free by
weathering, and segregated during transportation and deposition into
silica sand. Some ancient deposits of sand have been lithified into
sandstone or quartzite. Some of these in turn have been weathered
and reconcentrated into silica sands of exceptional purity.

Most of the silica of commerce is obtained from silica sand deposits.
High-quality sands going into industrial uses are known as “industrial
sands’’; 17,128,000 tons of industrial sands valued at $50,929,000 was
produced in the United States in 1961 (Cotter and Mallory, 1962,
p. 1062). A much lesser quantity is quarried from deposits of massive
silica. Whether sand or crushed rock from massive deposits is utilized
depends in part on the type of material that is available but to a much
greater extent on the use to which it is to be put. For some purposes
physical properties are of paramount importance, for others the

1 Note.—Figure indicated appears as a folded map at the rear of this document.
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chemical composition is the chief concern, for still others both chemical
and physical properties are important.

Silica is used chiefly as an essential constituent in the manufacture
of glass. It is also used in large amounts for metallurgical flux, for
ferroalloys and for refractories, as well as for molding sands, engine
sands, hydrafrac sands, and for a variety of other specialized uses.
In much smaller quantities, silica is the source of metallic silicon, an
element used for semiconductors which serve a variety of specialized
electronic purposes. Silicon is also used for the manufacture of
silicones, a group of plastics with many unusual properties.

Specifications vary greatly according to use. For many purposes,
washing and sizing are the enly treatments necessary. Other products
have particular requirements as to purity; glass sand must contain
less than 0.06 percent iron, as greater amounts impart color to the
final product. Raw material for the production of silicon metal must
contain at least 99 percent SiOs, and only traces of certain impurities.
For hydrafrac sand, which is packed into artificial openings in the
producing rocks of oil wells to promote recovery, physical properties
are of greatest importance. The sand must be made up of clean,
tough, well-rounded grains. Material used for sandblasting must be
tough and closely sized, but need not be especially pure.

The entire silica production in Montansa through 1961 was as
crushed rock. Little is known of specific sources of high-quality silica
sand in the State, but it seems probable that several exist. The
Tensleep Sandstone, of Pennsylvanian age, crops out in many places
in eastern Montana (fig. 33),' and where surface weathering has
separated the rock into individual grains, or cheap, mechsnical treat-
ment could do so, the formation may be of potential value as industrial
sand. Other formations, such as the Quadrant formation (the cor-
relative of the Tensleep in southwestern Montana), may also in places
vietd sands of value. The Quadrant formation of Pennsylvanian
age is a persistent widespread stratigraphic unit in southwestern
Montana. It has been quarried for silica rock in at least three
localities. Should the demand develop, it is probable that numerous
suitable sources of silica sand could be developed in Montana.

At the Dalys Spur deposit near Dillon, Mont. (fig. 33, locality No. 1),
the Quadrant formation is more than 150 feet thick. It is a friable:
rock composed principally of small well-rounded clear quartz grains,
with some drak minerals present in minor amounts. A quarry at
this site has produced about 100,000 tons of metallurgical material
and the remaining reserves are apparently very large. The Oregon
Short Line (Union Pacific) Railroad is near the base of the quarry,
and loading facilities and a connecting spur to the quarry have been
constructed. Duplicate chemical analyses (Carter and others, 1962,
p. 23) of a sample taken at the quarry face are:

[In percent]
A B
Fey0 - Q.05 0. 049+
Bi0g e - 98.9 7.5
AYOs. . — . .41 45
CaO._..... - — - - <.05 <.05
MgO e e <. 05 : <.05

1 Nore~—Figure indicated appears as:a folded:map at.the rear of this document.
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Metallurgical silica is also produced from the Quadrant formation
by the Victor Chemical Co. from a deposit near Maiden Rock (No. 3),
and by the Ideal Cement Co. from a deposit near Trident (No. 6).

The quartz cores of certain pegmatites are sources of silica in
Washington: = A few similar deposits are known to occur in south-
western Montana (Heinrich, 1949), though undoubtedly many more
remain to be discovered. The quartz is generally pure and white,
though some is clear or gray with minor iron staining along joints
and fracture surfaces. ;

The white quartz miass between Basin and Boulder (No. 9) is
evidently of pegmatitic origin. The deposit is estimated to contain
200,000 tons of high-purity silica and has in the past produced silica
for metallurgical purposes. A spur from the main line of the Great
Northern Railroad runs to the base of the deposit. Duplicate chem-
ical analyses (Carter and others, 1962, p. 24) of a sample taken across
the outcrop are: ‘
S ' [In percent}

A B
________________________________________________________________________ 0.029 0.036
_______________________________________________________________ 98.9 99,2
______________________________________ .29 .31
________________________________ .05 .05
.05 05

The analyses indicate this quartz is suitable for use either as a glass
sand or for making ferrosilicon.
~ The Sappington pegmatite deposit in Madison County (No. 6),
¢ontaing a quartz core estimated to be 75 feet long, 30 feet wide, and
about 70 feet deep (Heinrich, 1949, p. 24). The northern edge of the
deposit is covered by surface debris and the extent of the quartz core
northward is unknown. Other quartz-core pegmatites are the Rim
Rock (No. 4) and Montana (No. 5) deposits in Madison County,
and the Pohndorf Amethyst mine (No. 7) in Jefferson County, but
their potential as silica sources is uncertain owing to limited exposures.
The Corral Creek (No. 11) and Brown (No. 10) deposits in Jeffer-
son County, and the Crystal Butte deposit (No. 2) in Madison County
are examples of quartz-filled fissure veins in granitic rock. The two
Jefferson County deposits are estimated to contain in excess of 200,000
tons each of high-grade silica (Roby and others, 1960, p. 86). The
veserves of the Crystal Butte deposit are not accurately known but
are estimated to be more than 50,000 tons. The Corral Creek deposit
is lenticular in shape and is reported to be about 150 feet wide and more
than 160 feet long. The vein on the Brown property is 60 feet wide and
1,200 feet long. Both veins contain massive white quartz with minor
iron staining along joint and fracture surfaces. Quartz from the Crys-
tal Butte deposit is of the same general appearance, but slightly
pinkish.in color.
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Chemical analyses (Carter and others, 1962, pp. 25-27) of samples
from the Brown, Corral Creek, and Crystal Butte deposits, respec-

tively, are:
[In percent]

A B1 A B1
Brown deposit: 0.09 |oeemaas
0.02 0.07 .02 5 1 I,
99. 59 99. 63 B2
.36 14
A0 el .032 . 036
007 |l 93.6 98,7
.26 )
{172 S 05 .05
05 .05

1 Analysis furnished by owner.
3 Duplicate chemical analysis.

Both the Corral Creek and Brown deposits contain extremely pure
silica, and are thus potential sources of premium-grade material.
The Crystal Butte deposit is of lower grade, but may be suitable for
ferrosilicon production.

SILLIMANITE GROUP OF REFRACTORY MINERALS
(By 8. L. Groff, Montana Bureau of Mines and Geology, Butte, Mont.)

A wide variety of refractory materials are required by industry, for
many different uses. Among them are four minerals with identical
applications: sillimanite, kyanite, andalusite, and dumortierite (Bate-
man, 1950, p. 207-299). The first three have identical composition
(ALO.;Si0,); dumortierite is a basic aluminum borosilicate. At high
temperatures (1,100°-1,650° C.) all change over to mullite
(8Al,0,.25810;) and vitreous silica. This material remains stable up
to 1,810° C., and is heat resistant, a good high-temperature insulator,
and is particularly resistant to thermal shock. Although costly it is
much used for spark plugs, electrical and laboratory porcelains, and
in the high-temperature ceramic industry.

Kyamte is a common mineral of metamorphic rocks, and also
occurs in some pegmatites and locally in quartz veins.

Andalusite occurs in metamorphic rocks, alkaline crystalline roeks,
and in pegmatites.

Sillimanite usually occurs in highly metamorphosed alumina-rich
rocks.

Dumortierite is commonly associated with pegmatites or quartz
veins that cut aluminous rocks.

Prices for ground bagged kyanite in South Carolina (October 18,
1962) are as follows: 35 mesh, $47 per short ton; 200 mesh, $53 to $55
per short ton.

Apparently the kyanite price includes the other minerals of the sil-
limanite group (Eng. Mining Jour., Metal and Minerals Markets,
October 18, 1962).

There has been no production of the sillimanite minerals in Mon-
tana to date, although deposits of these minerals of potential commer-
cial importance exist within the State (fig. 34).! Industrial pur-
chasers, however, are too far removed to permit the profitable working
of such deposits.

1 NoTe.~Figure indicated appears as a folded map at the rear of this document.
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Montana’s major deposits of kyanite, andalusite, and sillimanite
are found 13 miles southwest of Ennis (fig- 1, locality No. 1) in Madi-
son County, where they are associated with pegmatite dikes and
Precambrian gneiss (Heinrich, 1948). These deposits are irregular
and pockety, and accurate estimates of tonnage and grade cannot be
made. However, there are vast tonnages of low-grade material with
local concentrations of from 50 to 60 percent aluminum silicates
(Sahinen and Crowley, 1959, p. 18). Other occurrences are the
Bozeman deposit, 12 miles southwest of Bozeman (No. 2), with
corundum in syenite; the Gallatin deposit, 17 miles southwest of
Bozeman (No. 3), similar to the Bozeman deposit, of variable grade,
developed for corundum during World War II; Bear Trap deposit,
10 miles southeast of Norris (No. 4), Madison County, has some
high-grade sillimanite and corundum. Still other deposits about
which little is known are found in the vicinity of Dillon (Nos. 5 and 6),
Beaverhead County; 23 miles southeast of Dillon (No. 7) (Heinrich,
1950) ; in the Jardine district (No. 8), Park County; and in the Philips-
burg area (No. 9), Granite County.

Only two deposits of dumortierite are known in Montana, one in
secs. 3 and 4, T. 7 S., R. 6 W., about 14 miles east of Dillon (No. 10),
Beaverhead County; the second, 7 miles north of Basin on Jack
Creek, in sec. 7, T. 7 N, R. 6 W. (No. 11), in Jefferson County (Gra-
ham and Robertson, 1951, p. 916). No production has been recorded
from either deposit, nor are tonnage estimates available.

SILVER, ZINC, AND LEAD
(By A. B. Weissenborn, U.S. Geological Survey, Spokane, Wash.)

Montana has 56 districts, scattered throughout 19 different counties,
in which the sum of the recorded production plus the estimated reserves
of metal exceeds 100,000 ounces of silver, 1,000 tons of lead, or 1,000
tons of zinc. Fifty-five, or all but one of these, have produced sig-
nificant (i.e., more than the minimum stated above) amounts of silver.
Of the 35 lead districts, 34 are silver districts as well; and of the 23
zine districts, all are also lead and silver districts. Because of the
intimate association of these metals, which in many instances are
mined from the same deposits, all three are discussed together.

Gold is found in many of the same districts and even in the same
deposits as silver, lead, or zine, but gold occurrences have been de-
scribed separately because gold was of great importance in Montana’s
early history; much of the gold was derived from placers rather than
lode deposits; and 14 of Montana’s 52 gold-producing districts did
not produce significant amounts of silver, lead, or zinec.

The following discussion of the geology of silver, zine, and lead
deposits has been condensed from ‘“Zinc in the United States” and
“Lead in the United States” (McKnight, Newman, and Heyl, 1962
a and b) and from “Silver in the United States” (McKnight, Newman,
Klemic, and Heyl, 1962). The tabulation of Montana’s silver-zinc-
lead districts which is at the end of this chapter has also been compiled
with a few modifications from these same sources.

In Montana, as in other parts of the West, deposits of silver, lead,
or zinc occur in areas where intrusive igneous rocks of intermediate
to acidic composition are prominent (fig. 35). The deposits generally

t NoTE.—Figure indicated appears as a folded map at the rear of this document.
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are found in the bordering rocks, but they may also occur in intrusive
vocks as at Butte. In either case, the ores are related to structural
breaks that developed after consolidation of the igneous rock and
they are believed to have been deposited from solutions of deep-seated
origin. The ore may occur in veins doseh confined to the oviginal
fractures in the rock or it may replace the adjacent wall rocks. Where
there are carbonate rocks, the ore may replace certain beds for con-
mdﬂmble distances, . .

. The igneous bodies with which the deposits are affilinted are
typically small bodies of porphyritic textures whose apices are trun-
cated by erosion. Where deposits are asscciated with larger batho-
liths such association is with special parts, usually the smaller
satellitic protuberances or cupolas.

- Although the host rocks of the deposits range from Pr ecambrian to
Tertiary in age, most of the deposits appear to be related to igneous.
rocks that were intruded from about the end of the Jurassic Period to
near the end of the Miocene.

For convenience, Montana’s silver-zinc-lead districts have been
grouped into the following categories:

First magnitude: Districts in which production plus estimated
reserves totals more than 50 million ounces of silver, 1 million tons
of lead, or 1 million tons of zine.

) Second magnitude: Districts in which productlon plus reserves
“fotals from 5 o 50 million ounces of silver, 50,000 to 1 million tons
of lead, or 50,000 to 1 million tons of zine.

Third magnitude: Districts in which production plus reserves
totals from 100,000 to 5 million ounces of silver, 1,000 to 50,000
tens of lead, or 1,000 to 50,000 tons of zine,

The locations of these districts are shown on figure 35; the numbers
on the ficure refer to districts mentioned in the text. Only districts
on which production plus reserves is equal to or greater than magni-
tude 3 are considered.

Montana has three districts which by this definition are of the first
magnitude silver districts—Philipsburg (Neo. 12), Butte (No. 30),
and CUolorado-Wickes (No. 36). Butte is also a first-magnitude
zine district and a second-magnitude lead district, Colorado- Wickes
is & second-magnitude lead dist rmt 'Mnme others—Blyam (No. 16),
New World (No. 51), an are second-magnitude
districts for both silver and leqd T‘oul——HOo" Heaven (No 3),
Elkhorn (No. 37), Marysville (INo. 45), and Nethart (No. 50)—ar
second-magnitude districts for silver only. One—TFEagle strlct
(No. 4)—~is a second-magnitude district for lead only.” Of the 11
first- or second-magnitude districts, all but the Hog Heaven and
Eagle districts have produced su‘bstantmi amounts of gold and in
gsome of them silver, lead, and zinc have been subordinate to gold.
Butte 8 nn]or 1mportance is as a copper producer.

Since the inception of mining, Montana has been an important silver
producer. The peak of production was reached in 1918 when Mon-
tana was the country’s leading silver State (fig. 36). In that vear
Montans’s mines produced 16,797,477 fine ounces of silver or nearly
a fourth of the domestic mine productlon - Since 1957 Montana has
ranked third or fourth as a silver- pmducmo State but the amount
produced has been steadily declining. In 1961 Montana’s silver
production was only 3,490,350 fine ounces or about 10 percent of
domestic mine production. , :




MINERAL AND WATER RESOURCES OF MONTANA 103

Figure 36
MONTANA SILVER PRODUCTION 13001962

]

20,000

15,000

SR RTiAvS
VAR

| | | | | |

1900 1910 1920 1930 1940 1950 1560

THOUSANDS OF FINE OUNCES

Although silver is, or has been, produced in many localities within
the State, by far the greater part of the silver has been obtained as a
byproduct of base-metal mining, especially at Butte. Through 1961
this district alone has produced 627,753,711 fine ounces of silver? a
figure that has been exceeded only by the Coeur d’Alene district in
Idaho. In 1961 Silver Bow County (essentially the Butte district)
accounted for 79 percent of the State’s output of silver. Granite
County (mostly the Philipsburg district) accounted for an additional
13 percent; the remaining 8 percent came from 16 other counties
(Fulkerson and others, 1962, p. 624). The rise in the price of silver
which resulted from the suspension in November 1961 of Treasury
sales of silver will undoubtedly tend to stimulate mining of other
silver or of other argentiferous lead-zinc deposits. However, the
great bulk of the silver will be obtained in the future, as in the past,
from the Butte area. Because of the size of the Butte reserves,
Montana should remain an important silver-producing area for a
long time to come.

Montana is an important zinc-producing State, but zinc production
has been subject to extreme. fluctuations (fig. 37). In terms of total
zinc production, Montana is fifth in the Nation. The alltime peak
was reached in 1916, when. 114,630 short tons was produced from
Montana deposits. Montana in that year -accounted for about a
fifth of the U.S. mine production and was second only to Missouri.
In 1951, although mine output was only 85,551 short tons, Montana
was the Nation’s leading zinc producer. Zinc production has de-
clined sharply since then; in 1961 Montana ranked only 13th in the
listing of domestic producers. The 10,262 short tons credited to the

2 The Anaconda Co.—Montana operations. Pamphlet published 1962 by the Anaconda Co.
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Figure 37
MONTANA PRODUCTION OF LEAD AND ZINC
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State accounted for only 2.2 percent of domestic mine production.
Preliminary U.S. Bureau of Mines production figures for 1962 show
a substantial rise to 38,830 short tons of zinc.

Zinc has been produced in quantity from 23 different districts in
Montana but, as with silver, the Butte district has been by far the
chief source of the State’s zinc. Through 1961 over 2,290,000 short
tons has been mined from this single district. In 1956, a typical year
of fairly high zinc production, 90 percent of Montana’s 70,520 tons of
zinc was obtained from the Butte mines. Nevertheless, unlike silver,
zinc production is nearly independent of copper mining. Some zine
is recovered as a byproduct of copper mining, but most of the zinc at
Butte is obtained from zinc-lead-bearing veins peripheral to the
copper-rich central part of the district. (See section on copperr.)
These deposits normally are worked only when market conditions
make it economic to do so. Periods of high demand for zinc may or
may not correspond with periods of demand for copper. Thus in
1956 Montana produced nearly seven times as much zinc as in 1961,
although more copper was produced in 1961 than in 1956.  The in-
creased output of zinc in 1962 over ‘1961 reflects the opening of the
Anaconda’s Elm Orlu-Black Rock project at Butte.
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The largest known reserves of zinc in Montana are in the Butte
district but potential reserves both within and without the district
are large. Wide fluctuation in the production rate can be expected
from year to year but, under suitable market conditions, Montana will
continue to be an important source of zinc.

Montana has been a substantial but not a major producer of lead.
Lead output has fluctuated but this fluctuation has not been as pro-
nounced as in the case of zine (fig. 3). Peaks of production average
about 20,000 tons of lead a year. From 1946 through 1956 Montana
production has been maintained at an average rate of about 18,000
tons a year, or about 5 percent of U.S. mine production. Since 1956
there had been a progressive decline until in 1961 Montana produced
only 2,643 short tons of lead or about 1 percent of domestic mine
production. With the opening of Anaconda’s Elm Orlu-Black Rock
project this was increased to 6,556 short tons in 1962.

Tead is found with zine in the veins in the peripheral part of the
Butte district and the Butte veins have produced a total of 402,000
short tons of lead or about a fifth of the amount of zine credited to the
State. However, other districts in the State such as Colorado-
Wickes, Eagle, and Bryant have been substantial producers in the
past and in 35 different districts production plus reserves exceeds
1,000 tons of lead. In 1956, a year of relatively high lead production,
80 percent of the State’s output of 18,642 short tons was derived from

the Butte district. In 1961, a year of relatively low lead production,
23 percent of the 2,643 short tons produced came from mines in Lewis
and Clark County, 16 percent from Granite County—mostly the
Philipsburg district—and an equal amount from the Butte district.
Eight other counties yielded the remainder (Fulkerson, Kauffman,
and Knostman, 1962, p. 623).

Reserves of lead in the Butte district are large and potential reserves
outside the Butte district are substantial, but market conditions in
the lead industry do not at present encourage their extensive develop-
ment. The rise in the price of silver resulting from the suspension
in November 1961 of Treasury sales of that metal should tend to
stimulate development outlying deposits of silver-rich lead ores which
are marginal at present lead prices. However, any really significant
increase in the current rate of lead production probably must await
higher price levels for lead—or for zinc with which much of the lead
is associated.

Pertinent statistics on Montana’s silver, zine, and lead districts are
summarized in table 7.
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SODIUM SULFATE
(By U. M. Sahinen, Montana Bureau of Mines and Geology, Butte, Mont.)

The sodium sulfate of commerce is of two kinds: (1) natural sodium
sulfate and (2) byproduct sodium sulfate. Until about 1925. the
supply of byproduct sodium sulfate, or “salt cake,” from the manu-
facture of hydrochloric and nitric acids tended to exceed the demand;
but due to the changes in the processes for acid manufacture, the
supply of salt cake was diminishing at about the same time that its
demand in the manufacture of kraft paper was increasing. The
increasing demand was partly offset by utilizing natural sodium
sulfate, deposits of which are widespread throughout Western United
States. Most of the demand, however, was met by imports. Prior
to the last war, Germany was perhaps the main source of imported
salt cake, although some was recovered from deposits in Belgium,
Netherlands; and “Carada: “In ldater years Chile and Russia -also
contributed to United States imports.

Sodium sulfate is principally used by the pulp and paper industry
in the manufacture of kraft paper, and the demand for this purpose
is steadily rising. Each ton of pulp produced consumes 120 pounds
of sodium sulfate. Sodium sulfate is also used in container and plate
glass manufacture, in curing hides, in the dye and coal tar industry, in
stock feeds, in the medical and chemical industries, in the manufacture
of rayon and textiles, and in the metallurgical industry. The newest
use 1s in soapless detergents.

The specifications of commercial sodium sulfate vary with industrial
uses. The paper pulp industry acquires material that is from 94 to
98 percent anhydrous sedium sulfate, but different plants have differ-
ent limits for different impurities. Dye industries prefer natural
sodium sulfate to salt cake because the latter may contain nitrates or
nitrites that oxidize the dyes.

- The United States produces annually about 300,000 tons of sodium
sulfate, about 40 percent of which is from natural sources. About 60
percent is produced as byproduct salt cake from various manufacturing
mdustries. Price per ton ranges from $28 to $54 depending on grade.
Imports exceed exports by about 130,000 tons. Montana has not
produced sodium sulfate (production reported from Montana in 1951
was actually from North Dakota), but deposits in the State could
readily supply the demands of the western paper pulp industry.

Sodium sulfate is a white salt that occurs in nature chiefly as the
anhydrous mineral thenardite with the decahydrate mirabilite. It is
found in different degrees of purity from pure mirabilite crystals to
massive deposits containing mixed salts or minerals of a wide variety
of composition together with insoluble impurities. In Montana
sodium sulfate occurs as crusts, as crystals intermixed with mud, and
as massive beds in certain intermittent lakes. Deposits in Chouteaun
and Sheridan Counties have long been known to exist and have been
described by Sahinen (1956).

In Chouteau County the deposits occur along Shonkin Sag, a
topographically low area which was formerly the course of the Mis-
sour: River (fig. 38).) The lakes, which are 2 to 24 miles southeast of
Fort Benton, have no outlets and dry up during the summer. The
C.M. St.P. & P. Railway traverses the Sag skirting both White and
Big Lakes. The nearest rail shipping peint is Geraldine, about 10

1 Nore.—Figure indicated appears as a folded map at the rear of this document,
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miles easterly from Big and Kingsburt Lakes. Four of the lakes,
listed below, show thick crusts and concentrations of crystals in mud
which suggest the possible existence of permanent crystal beds of
economic significance; however, as yet no drilling has been done to
verify this.

Name Also knowa as Area ) Location
‘White Lake__.._... Teal Lake__._._._. 900 2CreS. woimmamne Secs. 2, 3,10, and 11, T. 22 N, R. 10 E.
Lost Lake. .. ooocana]ooioamaoon --j 160 acres. ~--| Sec. 29 T, 29 N., R.10 E.
Big Lake. . .ccowcnnn Crane Lake_.._... 2 square mile! Sees. 25 26, 35, and 36, T. 22 N., R, 10 E.
Kingsburt Lake..__| Mallard Lake_.... 1.8 square miles_._| Secs. 17, 18, 19, and 20, T. 22 N., R.11 E.

The reserves of these deposits cannot be estimated from the present
state of knowledge.

In Sheridan Count; v intermittent soda lakes form part of a chain
extending from Saskatchewan through northeastern Montana into
North Dakota. These lakes occupy “shallow undrained depressions
in channelways in glacial drift. Sulfate salts are deposited as the
water evaporates during the hot summer months. Similar deposits
in Canada and North Dakota have been thoroughly examined and
described (Cole, 1926; Binyon, 1952; Witkind, 1959). There are
some 66 lakes in Sheridan County, most of which are intermittent.
Some contain deposits of sodium sulfate that warrant further investi-
gations (Sahinen, 1956), but only 2 have been described in detail
(Bmyon 1952; Witkind, 1959). Binyon (1952, p. 34). indicates a
reserve of 2 824 000 tons for S.K. Brush Lake and 3,813,000 tons for
%Vestby B. Lake ‘the latter partly in Montana and partly in North

akota

S.E. Brush Lake in secs. 26, 27, 34, and 35, T, 33 N, R. 58 E. (313
acres) has a permanent crystal bed 5.65 feet thick with 77.41 percent
glauber’s salt (commercial term for sodium sulfate). This bed con-
tains 2,710,000 tons of salt; another 113,000 tons is contained in a
]rsié;ture of salt and mud a few inches above and below the permanent

ed.

Westhy B. Lake in sec. 12, T. 36 N., R. 58 E. has an area of 386
acres, one-third of which is in Montana and two-thirds in North Dakota.
The lake has a permanent crystal bed which is at least 9 feet thick.

Reserves for the entire lake are estimated (Binyon, 1952, p. 24) at
3,677,000 tons for the drilled portion of the permanent bed and 136,000
tons in about 1 foot of mixed mud and crystals overlying the per-
manent bed. About a third of the reserves, or 1,270,000 tons, should
underlie the Montana portion of the lake.

Other lakes in this area that might be possible sources of sodium
sulfate lie in sec. 13, T. 36 N., R. 58 E., just west of Westby B. Lake
and the lake in secs. 24 and 25 T. 36 N R. 58 E., south of the town
of Westby.

Lakes northwest of these, near Sybouts, Saskatchewan, have been
worked for sodium sulfate and there is no apparent reason why the
Montana deposits could not also be worked to supply the paper pulp
industry to the west. Lignite coal for power and processing the salt
is plentaful in the area.
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STONE
(By J. M: Chelini, Montana Burcau of Mines and Geology, Butte, Mont.)

Dimension stone and crushed and broken stone are the principal
products of the stone industry. Dimension stone consists of natural
blocks or slabs that are cut to definite shapes or sizes (Key, 1960b,
p. 794). Ctushed and broken stone consists of large irregular frag-
ments of rock usually mined or quarried and crushed or ground to
smaller size (Xey, 1960b, p. 804). The raw material for the stone
industry includes ignsous, metamorphic, and sedimentary rocks.
The principal varieties of rock used for dimension stone are limestone,
granite, and marble, whereas many kinds of rock are used for crushed
and broken stone. Broad classifications are “traprock,” which in the
trade is considered to be all dark dense fine-grained igneous rocks; and
“oranite,” which includes all the lighter colored, coarser grained
igneous rocks. Gneiss, a metamorphic rock, is usually grouped with
oranite. Sandstone and quartzite are locally used in large amounts.
Limestone, a calcareous rock that includes dolomite and marble, is
used in great quantities for fluxing in smelters and in the manufacture
of lime. Of the crushed stone produced, nearly 75 percent is lime-
stone, 8 percent is traprock, 6 percent is granite; the remainder is
sandstone and miscellaneous rock types. = .

Dimension stone for interior use must be attractive in color and.
texture, have reasonable strength, and. resist. abrasion and cleaning
solutions. For exterior use where it will be subjected to weathering,
it moust possess, in addition, resistance to stresses set up by repeated
expansion and contraction, and resistance to chemicals naturally
present or introduced into the atmosphere. Tests have been devised
by the Bureau of Standards to determine these properties as well as
the physical properties of toughness, elasticity, and. density (Kessler
and others, 1940 and 1927). . = o s

~ Physical features of rocks that determine their usefulness as di-
mension stone include jointing, sedimentary layering, and secondary
cleavage. These are planes of weakness that influence the size and
shape of the blocks that can be quarried. If properly distributed
they may facilitate quarrying; if not, they may prohibit extraction of
large-sized blocks. ST «

_The principal uses of dimension stone are.in exterior and interior
walls, windowsills, steps, -fireplaces, piers, columns, trim, wainscoat-
ing, flooring, and ornamental structures such as arches. A large
market has been developed in recent years for “split stone,” “strip
stone,” ashlar, and rubble as veneer on residences and other small
buildings. Other important uses are for monuments, curbing,
flagging, paving, and roofing (Currier, 1960, p. 7).

- The prineipal uses for crushed and broken stone arve for concrete
aggregate, road stone, and railroad ballast; however, large quantities
are used in riprap and terrazzo. , '

Rigid requirements by consuming industries have produced many
different specifications for crushed stone; therefore, reference is made
to reports of the following organizations: American Association of
State Highway Officials, American Roadbuilders Association, and
U.S. Department-of Commerce. . :

In 1961 the value of dimension stone sold or used by producers in
the United States was $88,093,000; the value of crushed and broken
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stone was $862,467,000; and the value for all stone was $950,560,000
(Cotter and Jensen, 1961, p.-1139). During the same year, Montana
stone production was worth $1,849,000, or only about 0.2 percent of
the national total.

Numerous varieties of rock suitable for dimension stone can be
found in many parts of the State, and stone has been quarried in the
State foromany years. However, not uncommonly a dimension-stone
quarry was opened to produce stone for a specific project and then
abandoned. Similarly, abandoned crushed and broken stone quarries
are numerous owing to the plentiful and widespread occurrences of
the:raw material ‘within:the State. Feér-economic reasons, producers
move portable plants to new sites as existing markets shift.

At present, sandstone and quartzite for crushed and broken stone
are being quarried by Victor Chemical Works in Beaverhead County
(fig. 39, locality No. 1); by Russken Mining Co. in Deer Lodge County
(No. 2); by Ideal Cement Co. in Gallatin County (No. 3); by Lyons
Construction Co. in Missoula County (No. 4); by the Great Northern
Railway Co. in Cascade County (No. 5) and in Flathead County
(No. 6); and by the Northern Pacific Railroad in Park County (No. 7).
Limestone is quarried in a number of counties in western Montana.
(See chapter on Limestone.)

Sandstone and quartzite are quarried for dimension stone by Mon-
tana Stone, Inc., in two quarries near Neihart in Cascade County
(Nos. 8 and 9). At these quarries a very brilliant tan to maroon, and
tan and maroon banded ashlar and flagstone are produced. The
quarries are in the Flathead quartzite of Cambrian age. A green
picture slate is quarried by the same company in Lewis and Clark
County (No. 10). The Sesco Co. is quarrying a tan and chocolate-
brown banded quartzite from the Striped Peak formation of Pre-cam-
brian age near Thompson Falls (No. 11).

Granite for the manufacture of monuments is quarried intermit-
tently by Trevillion-Johnson Memorials Co. from three quarries within
a 5-mile radius of each other in Jefferson County (No. 12). Granite
is quarried near Gardiner, Park County (Ne. 13), by the Livingston
Marble & Granite Works. This same company quarries travertine
in the same area for manufacture of rubble, ashlar, and polished build-
ing stone.  (See Chapter on limestone.)

Travertine is also quarried near Gardiner by the Montana Traver-
tine Co., which produces at present only rubble for exterior and interior
veneer. Montana Stone, Ine., quarries travertine northwest of Lewis-
town for manufacture of rubble (No. 14).

SULFUR

(By C. E. Erdmann, U.S. Geological Survey, Great Falls, Mont., and U. M.
Sahinen, Montana Bureau of Mines and Geology, Butte, Mont.)

Sulfur is a nonmetallic element that constitutes only 0.06 percent
of the earth’s crust, yet is found widespread in nature, both in the
native form and in combination with other minerals. Chief com-
mercial sources are from deposits of native-sulfur, from hydrogen
sulfide (H,S) gas associated with natural gas and petroleum, and from
metallic sulfide ores such as pyrite (FeS;). A potential source not
utilized at present are the very large and widespread sedimentary
deposits of gypsum (CaS0,-2H,0) and anhydrite (CaS0,).

1 NorE.~—Figure indicated appears as a folded map at the rear of this document.
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The uses of sulfur are so widespread and important that it is often
mentioned as an indicator of economic development. Largest con-
sumer is the fertilizer industry, which like the chemical, petroleum,
rayon, and steel industries, uses it in the form of sulfuric acid (H,S0,).
Large amounts are used by the paper industry for sulfite pulp, and
the insecticide and rubber industries are major users of elemental
sulfur. Annual consumption of sulfur in the United States in recent
years has generally been in excess of 5 million long tons.

No commercial deposits of native sulfur are known in Montana,
although small occurrences have been noted in a few places. Mon-
tana has produced important quantities of sulfuric acid from metallic
ores, however. Maétallic sulfides are found in every mining district
in the State, and as the ores from these districts are smelted, the
sulfur is driven off as sulfur dioxide, which is recovered and manu-
factured into sulfuric acid. The Butte district provides by far the
greater bulk of the ores smelted at Anaconda, Mont. Sulfuric acid
produced there was formerly used at the plant in the manufacture of
treble superphosphate fertilizer; but since Anaconda has ceased
fertilizer manufacture, the acid is marketed as such in tank cars, and
much, if not all of it, finds its way into fertilizer industry in other
States.

Up until 1959 pyrite concentrate from low-grade pyritic ores from
the Butte district was made at Anaconda at a rate of about 50,000
long tons of equivalent pyrite annually. Production ceased after
1959 because of no intracompany demand for sulfuric acid.

Deposits of pyritic ores outside of the Butte district have been
suggested as possible sources of sulfur for sulfuric acid, but to date
go investigation has proceeded to the stage of delineating any such

eposits.

fI[)n Montana there are extensive deposits of gypsum and anhydrite
(calcium sulfate) interbedded with Paleozoic and Mesozoic strata,
and deposits of sodium sulfate oceur in intermittent lakes of Chouteaun
County in central Montana and in Sheridan County in northeastern
Montana; but these materials are valuable mineral commodities in
the(iir own right and are not utilized as sources of sulfur or sulfuric
acid.

Large quantities of hydregen sulfide.gas (containing 94.1 percent
sulfur) are found in natural gas from some of Montana’s gasfields.
Because of its highly toxic nature and unpleasant odor, it must be
removed before marketing the gas for domestic or industrial con-
sumption when the concentration reaches 0.04 percent. Gas that
contains more than this is known as sour gas.

Much of the petroleum and natural gas from the Paleozoic forma-
tions in the Rocky Mountain area contains hydrogen sulfide, and
where present in sufficient amount it has become an important source
of elemental sulfur. Concentrations are highly variable, even from
place to place in the same formation or reservoir, and range from
traces to more than 16 percent in the Tensleep sandstone at Elk
Basini oilfield in Carbon County. On the whole, in Montana they are
decidedly low. Those available from the Madison (Mission Canyon)
limestone in Kevin-Sunburst Dome in Toole County, for example,
range from 0.069 to 3.73 percent in the Rim Rock pool. The gas
associated with the Mississippian, Silurian, and Ordovician oil on
Cedar Creek anticline in the southeastern part of the State is for the
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most part considered “sweet.” Where the amount of gas is sufficient
for commercial use, but the hydrogen sulfide content is low, as at the.
Reagan field or Pine field, the H,S is extracted and flared to prevent
the possibility of dangerous accumulations in local topographic,
depressions.

The problem of what concentration of hydrogen sulfide is worth
recovering for sulfur therefore becomes a matter of business judgment
involving many factors, but a plant working with small percentages.
obviously requires very large reserves of gas. Thus, a sulfur plant in-
Wyoming, which operates on what is considered a minimum profit
byproduct basis, extracts 9 or 10 long tons of sulfur per day from 15
million cubic feet of gas with an H,3 content of 2.5 percent, the bene-
ficiated gas being delivered to a pipeline for commercial and domestic
use. On the other hand, in some States where the H,S concentration
is sufficiently great to be processed for sulfur alone, and where no
market for gas in available, the beneficiated gas may be returned to
the reservoir to maintain pressure. :

Production of elemental sulfur in Montana has developed some
interesting discrepancies. The only plant that processes hydrogen
sulfide gas originating in Montana is situated in Wyoming. This is
the Pan American plant in the Elk Basin field, which handles over.
16 million cubic feet of gas per day to extract some 60 or 70 long tons
of sulfur daily from Tensleep sandstone gas with an H,S content of
about 16 percent and Madison limestone gas with 2 or 3 percent 5.
Approximately 20 percent of the sulfur attributed to the Tensleep
and about 8 percent of the sulfur from the Madison is consideredto
come from the Montana portion of the field. Conversely, the only
sulfur plant in Montana is the Montana Sulphur & Chemical Co.
installation at Billings which produces about 50 long tons of sulfur
per day from waste gases, mainly hydrogen sulfide and carbon dioxide,
received from local refineries of the Continental Oil Co. and the Hum-
ble Oil Co. The origin of the hydrogen sulfide, however, is mainly
from oil imported from Wyoming. o

All things considered, the outlook for improvement of production
of elemental sulfur from Montana is not attractive, chiefiy for the
following reasons: (1) Except for the northern part of the Klk Basin
field, which is already contributing hydrogen-rich sulfide gas to a
plant in the southern part of the field in Wyoming, the volume and.
H,S content of natural gas from the State is low; (2) Montana is lit-
erally surrounded by large refineries in adjacent States that treat
rich concentrations of hydrogen sulfide in large volumes of gas. Hven
if a new discovery of hydrogen sulfide suitable in quality and quantity
were to be made in Montana, its competitive position against these
established plants probably would be poor. Chief among these large
sulfur plants are: The Texas Gulf Sulphur Co. plant at Worland,
Wyo., which produces about 85 long tons of sulfur per day; the Signal
0Oil & Gas Co. at Tioga, in the Williston Basin of North Dakota,
which produced about 107,180 long tons of sulfur during the first
6 months of 1962; and the British American Oil Co. plant in the
Pincher Creek gas condensate field in southwest Alberta, which is
capable of processing 170 million cubic feet of crude natural gas per
day to recover 780 long tons of sulfur,
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TALC AND PYROPHYLLITE
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

Talc is a hydrous magnesium silicate. It is a very soft white, gray,
or green micaceous mineral that occurs only in metamorphic rocks.
It forms from serpentine, which in turn may be formed by the regional
or contact metamorphism of magnesium-bearing rocks such as dunite,
pyroxenite, and dolomite. The deposits themselves are generally
closely associated with serpentine; more rarely they are enclosed by
quartzite, phyllite, gneiss, or even grauite.

Pyrophyllite, a hydrous aluminum silicate, resembles talc very
closely in physical properties and appearances, hence is substituted
for tale in some industrial -applications. It also characteristically
occurs in metamorphic rocks (Chidester and Worthington, 1962).

Tale has several physical properties which make it useful in industry.
It is extremely soft, chemically mert, and has low thermal and electrical
conductivity. Several grades are marketed, but steatite, the purest
of the common commercial grades, and ‘“lava,’’ a pure, massive,
fine-grained variety extensively used in the electrical industry, are the
most valuable. They are machined or preformed into intricate shapes
and fired for use as insulator plates in vacuum tubes and related
electronic equipment.

Tale is used extensively as a filler in rubber, paint, paper, and
roofing material, in the manufacture of high-fusion ceramic products
such as high-frequency insulators, and it 1s used in the manufacture
of whiteware, glazed wall, and floor tiles, and similar products, and
as a carrier for insecticides. Special uses include: white shoe polish,
cosmetics, dusting powders, finishing agent for leather and nails,
lubricant for gunpowder, and crayons for marking hot metal castings
and ingots. Prices for best quality talc in the period 1950-60 com-
monly ranged from about $9 to $12 per ton for the crude material at
the mine. Pyrophyllite is competitive with talc in most uses where
00}01' is not a factor, and prices ave, therefore, about the same as for
taic.

Montana has possibly the largest reserve of steatite-grade tale in
the United States (Engel and Wright, 1960, p. 840). All of the known
deposits are in the highly metamorphosed rocks of the Cherry Creek
Group in Beaverhead and Madison Counties, and all appear to have
formed from serpentinized dolomitic marble. The greatest production
has come from the Smith-Dillon deposit on Axes Creek, about 1l
miles southeast of Dillon (fig. 40, locality No. 1). The mineral occurs.
there both as thin veins and stringers, and as large masses of excep-
tional purity. The deposit is being worked by Tri-State Minerals Co.

Similar deposits occur about 8 miles to the northeast (Keystone
mine) and about 3 miles to the south (Timber Gulch deposit). Tale,
at these two deposits, contains some impurities, however, and neither
is being worked at present, although both contain large reserves of
tale suitable for many commercial purposes (Perry, 1948, p. 6).

Talc deposits are also worked at Johnny Gulch, about 20 miles
south of Ennis, Madison County (No. 2). Considerable lava talc
was produced, but known reserves of this grade appear small. Large
quantities of ceramic-grade tale remain, and limited amounts of
cosmetic-grade tale are also present.

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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Tale occurs on Granite Creek, north of Virginia City (No. 3),
and on Idaho Creek, southwest of Virginia City (No. 4), but these
deposits appear to have less potential value than those described above.
A deposit of good-quality talc was found in Cambrian rocks just
south of Helena (No. 5), but was worked out a number of years ago.

Pyrophyllite occurs in a deposit about half a mile northeast of
Argenta, 12 miles northwest of Dillon (No. 6) which appears to be of
commercial quality and of sufficient size to permit exploitation,
provided a suitable market can be found.

Current production figures are not available for Montana tale
deposits. However, 250,000 tons, worth nearly $3% million, was
produced during the period 1952-61.

THORIUM AND THE RARE EARTHS
(By P. L. Weis, U.8. Geological Survey, Spokane, Wash.)

Thorium and the rare earths are closely related in chemical prop-
erties, hence they are considered together in this report. Thorium
is the only naturally radioactive element other than uranium that
constitutes a potential source of atomic power. Natural thorium
cannot be used in nuclear reactions, but it can be converted to [z
in a breeder reactor and then used in the same way as uranium (Olson
and Adams, 1962). Although uranium reactors are apparently
simpler and cheaper to build and fuel at present, much research is
being done to develop the use of thorium for atomic power in the
future. Thorium is also used as an alloy with magnesium, in gas
mantles, refractories, polishing compounds, and chemical and medical
products.

The rare-earth metals comprise fifteen elements. Lanthanum,
cerium, praseodymium, neodymium, samarium, and europium are
generally considered to form the cerium group. Yttrium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, lutetium, and
ytterbium make up the yttrium group.

Rare-earth metals and their compounds are used for a wide variety
of purposes, although none are used in large quantities (1960 consump-
tion in the United States was equivalent to about 1,800 tons of rare-
earth oxides). Cerium is used in sparking alloys, arc carbons, and in
the glass industry. A variety of rare-earth elements are used in the
iron and steel industries. Rare-earth oxides are used as polishing
agents. A variety of minor uses exist, and considerable research is in
progress to investigate further uses.

Principal minerals containing important amounts of thorium are
few; thorite, thorogummite, and thorianite are the most common ones.
Monazite, a cerium phosphate, commonly contains thorium as well
as the rare earths. The euxenite group consists of several similar
minerals that contain thorium and the rare earths along with tantalum,
niobium, and uranium. Bastnaesite is a rare-earth carbonate.
Thorium- and rare-earth-bearing minerals, although widely distributed
in igneous and metamorphic rocks, are most abundant in alkalic rocks
and carbonatites, in syenites and granites, in gneisses, and in veins,
especially those associated with alkalic rocks. Because these minerals
are, in general, resistant to weathering, most of the world supply of
thorium and rare-earth minerals is found in placer accumulations.
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The Lemhi Pass area of Montana and Idaho (fig. 41,' locality No. 1),
near the crest of the Beaverhead Range, contains a considerable num-
ber of thorium-bearing quartz veins that cut metamorphic rocks of
the Belt Series (Sharp and Cavender, in press). Some veins are more
than 1,000 feet long and, in places, are as much as 35 feet thick
(Armstrong, F. C., written communication, 1954). They consist of
red to white quartz with barite, feldspar, thorite, specular hematite,
and hydrous iron oxides, and with less widespread rare-earth minerals,
and copper and iron sulfides (Anderson, 1958). Some of the veins
locally contain as much as 20 percent ThO,; average grade may be
about 0.50 percent in some deposits (Sahinen and Crowley, 1959).

Thorium reserves in the Lemhi Pass area are estimated to be about
100,000 tons of ThO, in ore of probable commercial grade at current
prices ($1.75 to $2.25 per pound of ThQO; in 20 to 30 percent thorium
concentrates) (Baker and Tucker, 1962).

Upper Cretaceous sandstones (Virgelle and Horsethief sandstones,
St. Mary River formation) (Nos. 2, 3, and 4) in Glacier, Pondera, and
Lewis and Clark Counties contain fossil black-sand placer concentra-
tions (Stebinger, 1914) that are a potential source of monazite (Arm-
strong, 1957; Murphy and Houston, 1955), as well as zircon, ilmenite,
and magnetite, and may constitute a worthwhile source of thorium
and rare-earth elements.

Deposits of uncertain origin containing monazite, rare earths, and
relatively small amounts of thorium, together with columbite and
rutile, are known in southern Ravalli County (No. 5). The deposits
are in a group of schists, gneisses, amphibolites, and carbonate rocks
that extend from the headwaters of the West Fork of Bitterroot River,
south into Idaho -(Abbett, 1954;-Sahinen,-1957; Anderson; 1958;.
Crowley, 1960). They may constitute a resource with considerable
potential for the future, although their grade and location do not
appear to be favorable for immediate exploitation.

Qarbonatite veins in the Bearpaw Mountains on the Rocky Boy
Indian Reservation, Hill and Chouteau Counties, contain as much as
3.5 percent rare earths (Pecora, 1956, p. 1546) (No. 6). This is much
less than the amount present in the Mountain Pass carbonatite in
California; nevertheless, the Bearpaw deposits may be a potential
source of rare earths at some future date.

Other occurrences of thorium minerals in Montana are shown on
the accompanying map (fig. 41). Most are in placers or associated
with pegmatites. Their potential is unknown, but it appears likely
that the principal reserves are in the four areas listed above. Thorium-
bearing placer deposits of unknown potential are also known near
Victor, Ravalli County (No. 7).

Although some of the deposits of thorium and rare earths have been
known for a number of years, only a very small amount has been pro-
duced in Montana. Recent developments make it appear likely that
this situation may change in the future. Much depends on the ad-
vances in technology that may come about as a result of current and
projected research. Market conditions do not-favor increased produc-
tion at present, but the demand for thorium as a source of atomic
energy, and of rare earths for a number of developing uses, may in-
crease considerably in the not-too-distant future. At that time, some
of the Montana deposits may well prove to be highly important.

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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TITANIUM
(By P. L. Weis, U.S. Geological Survey, Spokane, Wash.)

Titanium is a light, lustrous, white metal. It is stronger for its
weight than most metals, and is both strong and markedly corrosion
resistant at temperatures up to 1,000° F. It is therefore used in
airframes, jet engines, in a variety of apparatus exposed to salt water,
and in heat exchangers, reactors, pumps, valves, and other equipment
used in the chemical industry. Titanium is alloved with other
metals to inecrease corrosion resistance. Titanium metal 15 difficult
and expensive to produce, and did not become available in usable
amounts until 1948 (Liynd, 1960, p. 851). High cost is still one of
the chief obstacles to its widespread use.

The chiefl use of titanium is in the form of titanium oxide, a brilliant
white material with very high refractive index and great light-
scattering ability. It is therefore without peer as a white pigment
in paints, paper, rubber, and a wide variety of other materials, but
the oxide is also used extensively for welding rod coatings. Titanium
nitride, boride, and carbide are used in cutting tools, abrasive stones,
and dies. . '

Titanium is a constituent of a large number of minerals, but only
two are now, or are likely to become, ores. . Ilmenite, iron titaniom
oxide, is the chief ore mineral. It occurs in large massive deposits
associated with anorthosite and pyroxenite in several places in the
world, and is also recovered from placer concentrations in beach
sands. - Rutile (TiO,) 1s a widespread accessory mineral in igneous
rocks but, with or without associated ilmenite, it forms minable con-
centrations in some ore bodies that are also typically associated with
anorthosite. Like ilinenite, rutile oceurs in beach sands in some
places.

No commercial deposits of titanium minerals are known in Montana.
Fossil beach sands containing ilmenite are present in the Virgelle,
St. Mary River, and Horsethief formations of Cretaceous age in
Glacier, Pondera, and Lewis and Clark Counties (Murphy and
Houston, 1955), but reserves and grade have not been established.
Although they may contain enough titanium to be a potential souree
i the future, they are too low grade and too far from existing markets
to be of commercial value at present. (See fig. 41, thorium and rave
earths in Montana, for the location of these deposits.)

TUNGSTEN
(By A. E. Weissenborn, U.S. Geological Survey, Spokane, Wash.)

Tungsten is a white metal which is ductile when pure and which has
superior mechanical properties at high temperatures. Its melting
point of 3,410° C. is lugher than that of any other metal. TIts uses are
based chiefly on the extreme hardness and wear resistance of tungsten
alloys and carbides; on the ability of tungsten alloys to retain harduess
at elevated temperatures; and on the high melting point, low vapor
pressure, or favorable electrical and thermionic properties of pure
tungsten (Holliday, 1960, p. 903). Because of these characteristics,
tungsten is used extensively in the machine-tool industry and is a
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metal of high strategic value. The United States has been considered
deficient in tungsten resources, and except for the period 1953-56,
consumption has excceded domestic production. However, a large
domestic productive capacity was demonstrated between 1950-56
under the influence of the price incentive of the Government stock-
piling program. In the peak year of 1956, domestic production was
nearly four times the average annual production achieved from 1946
through 1950, the 5 years immediately preceding the start of the
prograr.

In the United States tungsten occurs principally in quartz veins
that contain scheelite (caleium tungstate, which forms an isomorphous
series with powellite, the calcium molybdate), minerals of the wolfram-
ite group (iron and manganese tungstates) or both, and in contact
metamorphic deposits. Most of the tungsten deposits of the Western
United States, including Montana, are related spatially to intrusive
bodies of Cretaceous or early Tertiary age (Lemmon and Tweto,
1962, p. 1).

Tungsten has been produced in Montana from numerous lode de-
posits and from some alluvial deposits, in part in conjunction with the
mining of gold (fig. 42),' but until 1954 Montana’s tungsten output was
insignificant. 'The entire production from 1900 to 1951 amounted only
to the equivalent of 33,760 short ton units of WGQ;, or about 0.40 per-
cent of the domestic production of 10,216,720 short ton units (U.S.
Bureau of Mines Minerals Yearbook, 1954, p. 1289). Previous to 1954
naximum shipments in any one year were in 1946 and these amounted
only to the equivalent of 5,040 short ton units of WQO;, most of which
was produced from the Henderson Gulch gold-tungsten placers. In
1952, under the influence of the Government buying program and
Government aid to exploration available through the Defense Minerals
Exploration Administration, there was a great mcrease in the explora-
tion of Montana tungsten deposits. Montana production reached an
alltime high of 73,800 short ten units (table 8) and Montana became
the fourth largest tungsten-producing State. Production dropped
rapidly at the termination of the Government domestic stockpiling
program in December 1956, and at the end of 1958 no tungsten mines
were operating in Montana. The Red Button mine was reopened in
late 1959 but was closed again in December 1961. In 1962 there were
no tungsten mines operating-in-Montana.

TasLe 8.—Mine production of tungsten in Mbntana, 1950-62

1 None reported.
2 Production from Brown’s Lakeand Red Button mines.
3 Production from Red Button mine.

NOTE.-1 short ton unit == 20 pounds WOs.
Source: U.8. Bureau Mines Minerals Yearbooks, 1950-62.

1 Nore.—Figure indicated appears as a folded map at the rear of this document,
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Tungsten deposits are found in Beaverhead County along the
eastern edge of a quartz monzonite pluton that forms the backbone
of the Pioneer Mountains (Myers, 1952, pp. 16-17). In the Brown’s
Lake-Lost Creek area most of the tungsten deposits that from present
knowledge give promise of commercial grades and tonnage lie in
contact-metamorphosed carbonate rocks of the Amsden formation
of Pennsylvanian age along the eastern edge of the main quartz
monzonite mass, although older limestones have been mineralized in
places south of Birch Creek. Five known areas of contact-meta-
morphosed Amsden formation are recognized between Birch Creek
and Brown’s Lake.

The chief producer has been the Brown’s Lake or Ivanhoe deposit
on Rock Creek about 6 miles northwest of Glen (fig. 42, locality 20).
Up to the time it was closed in 1957 the mine produced 625,107 tons of
ore averaging 0.35 percent WO, and during the brief span of its
operation it ranked high among domestic producers (Pattee, 1960, p.
6). The deposit has long been known and a few hundred pounds of
concentrates had been shipped, but previous to 1951 the low grade of
the tactite and the high molybdenum content of the scheelite dis-
couraged development.

The tungsten is found chiefly as fine-grained high-powellite scheelite
in tactite near the base of the Amsden formation. The scheelite
occurs mostly as tiny crystals sprinkled through interstitial quartz
and the outer shells of garnet crystals (Myers, 1952, p. 39). Concen-
trates prepared at the Glen mill were shipped to Salt Lake City for
refining. The successful operation of the property was due in large
part to the development of a method of metallurgical treatment by
which a high recovery was made from a low-grade ore (Mining World,
1955). ,

The Lost Creek deposits (No. 21) are about 3 miles southeast
of the Brown’s Lake mine and are in a similar geologic environment.
The-deposits were explored intensively in 1952 and 1953. Production
from 1952 to August 1956 totaléd 21,150 short tons of ore averaging
0.18 percent WO, (Pattee, 1960, p. 12), the grade of the ore produced
being considerably lower than that from the Brown’s Lake mine.
The ore was treated at the Glen mill.

The Red Button, or Calvert, mine (No. 19) is reported to have
been discovered in 1956 and was operated in 1957 and 1959-60. In
1960 the grade of the ore shipped was 1.13 percent WO, U.S. (Bureau of
Mines Minerals Yearbook 1960, 1961, v. 3, p. 610). - The ore occurs
in recrystallized limestone of probable Precambrian age near the
contact with a quartz monzonite intrusive. Other tungsten occur-
rences are known in this area, and some exploration has been done on
the Fool Hen prospect about 2 miles to the southeast.

Numerous other tungsten occurrences in Beaverhead County are
known in the Utopia or Birch Creek district (No. 22) scuth of the
Lost Creek deposit, and in the Bald Mountain district (No. 22a)
still farther south. All are along the edge of the intrusive. Many of
these are described by Pattee (1960).

In Deer Lodge and Granite Counties, tungsten occurs in quartz
veins near granitic intrusives in the Flint Creek and Anaconda ranges
(Walker, 1060). Some contact deposits also occur. Many of these
vein deposits were explored during the 1950’s with the assistance of
Defense Minerals Exploration Administration contracts.
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Tungsten occurrences are numerous in the Black Pine-Heuderson
districts, north of Philipsburg. The chief production has come from a,
placer in Henderson Gulch (No. 7) where scheelite was identified in
the black sand concentrate in 1933. According to Walker (1960,
p. 17), from 1942-49 dredging yielded $940,000 in gold and scheelite;
a total of 142 tons of scheelite concentrate containing 63 percent WO;
was produced. The average gold content was 15.5 cents per cubic
vard; the average tungsten recovery was 0.06 pound WO, per cubic
vard. In the vicinity of Henderson Gulch, sediments of the Pre-
cambrian Newland Formation have been intensely metamorphosed
by a granodiorite intrusive. Scheelite from the granodiorite and the
contact zone is the probable source of most of the scheelite in the
placer. Eluvial material on the adjacent hillslope also contains small
amounts of scheelite (Walker, 1960, pp. 17-20).

The Combination (Black Pine) mine (No. 8) is in the eastern part
of the John Long Mountains, about 3% miles southwest of the Hender-
son Gulch placer. During its main period of production from 1882 to
1897 it produced a notable amount of silver from quartz-tetrahedrite
veins with other sulfides (Fmmons and Calkins, 1913, pp. 252-253).
The principal ore-bearing structure of the mine is the Combination
vein, one of four known parallel veins. The veins are enclosed in
quartzite of the Precambrian Spokane Formation, and conform gen-
erally to the bedding. Huebnerite is a minor constituent of the ore
and occurs as disseminated grains and in irregular concentrations
which form narrow tungsten-rich bands or lenses of limited extent.
In 1947 and 1948 the U.S. Bureau of Mines explored the property
(Volin and others, 1952). Further exploration was done in 1952 and
1953 with the aid of a Defense Minerals Exploration contract. Onlv
a small amount of tungsten ore was produced.

Other occurrences of tungsten in the district are the Bear and
Float prospect and the Double Eagle prospect, both of which adjoin
the Combination property, and the Franz prospect about 6 miles
northwest (No. 5). All are similar to the occurrence at the Combina-
tion mine, as is the Sunrise vein on Sunrise Mountain, north of
Henderson Gulech. At the Argo mine in the Harvey Creck district
(No. 4),.T. 10 N., R. 16 W., to the north, tungsten occurs in a gold
quarts bedding vein in the Belt series.

Tungsten minerals have been noted at a number of prospects in the
Philipsburg area (Walker, 1960, pp. 20-25), but there is no recorded
production of tungsten from any of these properties.

At least 17 tungsten occurrences are known in two closely spaced
areas about 14 miles west of the city of Anaconda (Nos. 17 and 18).
The tungsten is found in quartz veins or replacements in Paleozoic
limy sedimentary rocks intruded by several small granodiorite
outliers of the Philipsburg batholith. A large granodiorite stock
lies about a mile north of Silver Lake (Walker, 1960, p. 28). The
Trigger mine has produced about 1,000 tons of ore, averaging 1 per-
cent WO, (Walker, 1960, p. 29, table 3) from replacement deposits in
the Jefferson Formation. Smaller production has come from the
H. L. M. and Storm Lake or Tarlach properties. The latter was
explored in 1953 and 1954 by the Sunshine Mining Co.

Another tungsten area is in the Foster Creek district (No. 16) on
the east slope of the Flint Creek range, approximately 8 miles west
of Anaconda and 5 miles northeast of Silver Lake, where at least 15
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occurrences of tungsten are known. The Tip Top, Day, and Smith
prospects have shipped small amounts of tungsten ore, but none has
made any substantial production. Tungsten occurs in veins and
shear zones and in tactite bodies. Tungsten grade of some of the
surface showings is good, but exploration Thas faﬂed to find extensmns
of the ore in depth (Walker 1960, pp. 44-52).

In the Marysville district of Lewis and Clark County (No. 9), veins
mined chiefly for their gold content are found in and around a grano-
diorite stock about 3 square miles in extent. The stock intrudes the
Helena limestone and the overlying Empire shale, and is surrounded
by a contact aureole half a mile to a mile wide. Although the district
produced much gold, there has been little activity in recent years.
Scheelite was recognized in 1941 in placer concentrate from gold
dredging in Piegan Gulch. Subsequently, scheelite-bearing tactite
bodies were found in six or seven localities in the contact aureole
(Knopf, Adolph, written communication, 1842). One of these locali-
ties, a tactite body on the Prentice property adjoining the Drumlum-
mon mine, was explored in 1953 and 1954 by Ottawa Tungsten Co.

Tn Colorado Gulch (No. 10), 9 miles west of Helena, scheelite-
bearing garnetiferous tactite masses are found on both sides of the
gulch. The area is along the northern border of the Boulder batholith
where the intrusive rocks are in contact with Three Forks formation
and the Madison limestone (Xnopf, Adolph, written communication,
1042).

In Lincoln County, scheelite has been reported (Lemmon and
Tweto, 1962, p. 12) m a lead-zine vein on Callahan Creek, about 8
miles west of Troy (No. 1). At this locality, veins with sphalerite
and galena in a silicate gangue are enclosed in argillitic and quartzitic
sediments of the Prichard and Burke formations (Calkins and Mac-
Donald, 1909, pp. 99-102).

Glbson (1948 p. 87) mentions scheelite as a constituent of a quartz
vein with galena and tetrahedrite at the Midas mine near Howard
Lake 21 miles south of Libby (No. 2). The country rock consists of

caleareous shales of the Wallace formation.

Lemmon and Tweto (1962, p. 12) list an occurrence of scheehte in
quartz streaks in a shear zone at the Waylett prospect on Miller
Creekk (No. 3) a short distance southeast of the Midas mine.

Numerous quartz-tungsten veins are known in the Potosi district,
Madison County (No. 23), in extremely rugged country. southwest
of the town of Pony. These are associated with aplitic or alaskitic
phases of the Tobacco Root batholith and are entlrely within the
batholithic rocks. These have been described by Hart (Tansley and
others, 1933, p. 32) as follows:

The tungsten mineral hubnerite occurs as seams in wide, massive, white quartz
veins or dikes of pegmatitic character. Along the hanging wall, fluorite filling
may be noted. The hubnerite occurrences, although of great extent, vary
greatly in intensity and only lenslike zones constitute possible ore reserves, but
it is apparent that under favorable market conditions the veins would warrant
further exploration.

In the Jardine-Crevasse Mountain district, Park County (1\0 25)—
also known as the Sheepeater district—scheelite occurs with gold and
arsenic, and was recovered for many years as a byproduct of gold
mining. It is interesting to note that the Jardine mine is one of the
earlier commercial sources of tungsten to be discovered in the United
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States. Total production of scheelite through 1942, all of which came
from the Jardine mine, is estimated at about 400 tons of concentrate
with an estimated value of $305,000 (Seager, 1944, p. 1). In addition
to gold, silver, and tungsten, the mine produced minor amounts of
lead and copper, and a considerable quantity of arsenic, it being one
of the few mines in the country where arsenic was a valuable by-
product. The mine continued 1n operation until 1948, when a fire
destroyed the cyanide plant. Production during the period 194248
was probably about 15 short tons of 60 percent WO,.

The gold-tungsten-arsenic deposits of the Jardine-Crevasse Moun-
tain district are found as replacement veins in Precambrian meta-~
morphic rocks. Two types of veins are recognized: (1) quartz veins in
quartz-bictite schist and biotite quartzite; and (2) arsenopyrite veins
in quartz-cummingtonite-schist. The veins of the first type contain
more tungsten and less gold than those of the second (Seager, 1944,

. 45).

P In Powell County, several scheelite contact-metamorphic deposits
have been found in the Ophir district (No. 8) 20 miles west of Helena
on Snowshoe, Ward, Carpenter, and Ophir Creeks. Scheelite occurs
scattered through garnetiferous tactite masses in the Madison Lime-
stone. A small shipment of tungsten is reported to have been made
from the Arnold and Ladysmith properties on Snowshoe Gulch in
1943 (Hobbs, S. W., written communication, 1944).

In the Ogden Mountain mining district (No. 8a) east of Helmville,
gold-quartz veins with scheelite are found in rocks of the Belt series
surrounding s quartz monzonite stock and also in the quartz monzonite
stock itself. Scheelite is also said to occur in placer gravels. Some
exploration was done in 1952 and 1953 on the New Progress and Old
Timer claims, but there is no record of tungsten ore having been
shipped from the area.

Huebnerite has been recognized (Weed, 1912, pp. 81-85) in some
of the veins at Butte, Silver Bow County (No. 15), but has not been
recovered commercially from the ore.

The presence of huebnerite in a quartz-silver shoot on the Birdie
vein has long been known, and some tungsten ore is said to have been
shipped in 1916. The mine is on the western slope of the Continental
Divide, about 4 miles east of Butte, and is in granitic rocks of the
Boulder batholith. The property was reopened and explored for
tungsten by the West Slope Mining Co. during the period 1952-55.
Sahinen (personal communication) also reports a scheelite-powellite
occurrence in tactite along a limestone-quartz monzonite contact in
the Highland district, 15 miles south of Butte.

Other localities where tungsten has been reported are in Broadwater
County at the Diamond Hill mine (No. 13), near Kendall in Fergus
County (No. 12), in the Woodville district in Jefferson County (No.
14), in the emigrant district in Park County (No. 24), and in tactite,
near the Yogo Peak deposits in Judith Basin County (No. 11). Little
is known about most of these occurrences.

The future outlook for tungsten mining in Montana depends on
demand and economic factors. No tungsten mines are operating in
Montana at the present time. Previcus to 1953, Montana’s small
tungsten output came from mining of quartz veins usually with gold,
silver, or other metals and as a byproduct from placer gold mining.
With seme possible exceptions, the tungsten-rich veins tend to be

94765—63——9
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narrow and the ore shoots scattered, spotty, and marginal in grade.
Some of them probably could be mined successfully during periods of
high tungsten prices, and should gold prices increase, some tungsten
might be recovered as a byproduct from lode gold or placer gold
mining. The total amount of tungsten that could be recovered from
these sources, even with abnormally high tungsten prices, would,
however, be small.

The tactite deposits typified by the Bown’s Lake or Red Button
deposits are in a very different category. They can produce large
tonnages of ore and probably can operate successfully at an apprecia-
bly lower price level than most of the vein mines. Experience during
the Government tungsten program has shown that, given sufficient
price incentive, the United States is not deficient in tungsten re-
sources, but possesses a very substantial domestic productive ca-
pacity. Remaining known reserves of the Montana tactite deposits
are probably insufficient for sustained large-scale production, but
well-planned exploration might bring in new ore reserves. Not all
of the numerous tactite bodies in Montana contain tungsten ore
bodies, but prospecting of tactite bodies in carbonate sediments near
their contacts with the younger granitic intrusive rocks might dis-
cover ore bodies similar to those at the Brown’s Lake and Red Button
mines.

These probably could not be worked profitably at present price
levels of tungsten but the better ones might be able to produce, at
price levels less than the $65 per unit price, which was current during
the tungsten-buying program of the 1950’s. The Montana tactite
deposits thus are an important potential source of tungsten.

URANIUM
(By A. E. Weissenborn and P. L. Weis, U.S. Geological Survey, Spokane, Wash.)

Uranium is a mixture of the isotopes U8, U*5 and U»: T8 can
be converted to plutonium, which, along with U%% can be used in
nuclear reactions. Atomic power and nuclear weapons are, therefore,
the chief uses for uranium; minor amounts are used in the chemical,
ceramics, and electrical industries.

Uranium is widely scattered in many types of rocks. The principal
domestic sources of uranium are deposits in terrestrial sedimentary
rocks. The largest and most numerous of these deposits are in sand-
stones and conglomerates in which uranium minerals occur as pore
fillings and impregnations. Lessimportant uranium deposits are found
in lacustrine limestones. Coals and coaly sediments interbedded with
clastic terrestrial sediments commonly contain minor concentrations
of uranium; in a few localities, the coaly beds may contain up to several
percent uranium and some deposits have been mined. Uranium is
widespread in small concentrations in certain marine black shales and
phosphorites such as the Permian Phosphoria Formation which
underlies large areas of Idaho, Utah, Wyoming, and southwestern
Montaena (Schnable, 1955; Butler and others, 1962). Uranium is also
found in many areas in veins, commonly of Tertiary age. Uranium is
relatively soluble, and ground water solutions commonly transport
and redeposit small quantities to places where its radioactivity is
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readily noticed. As a result, large numbers of small “radioactive
occurrences’”’ of little value are known.

Montana has not been an important producer of uranium. Nu-
merous occurrences are known, however, and some deposits appear to
have significant economic potential. (See fig. 43.") Production data
for Montana is as follows:

Uranium production in Montana

Tons t
1049 e Information not available.
1950 - e Do.
1951 L Do.
1952 e Do.
1888 e “1 carload.”
1954 L o e “Small shipments.”
1985 e 1 shipment reported.””
1056 . oo e “No large shipments.”
1957 e e “Small tonnage.”
1088 690 tons (ore).
1089 . 2,890 tons (ore).
1960 e 1,726 tons (ore).
196 e 729 tons (ore).

1 Data from U.8. Bureau of Mines Minerals Yearbooks.

Total value, 1956-61, $179,682.

Because of security restrictions which were in effect at the time,
production data from 1949 to 1952 are not available.

The first discovery of uraniferous vein deposits in Montana was
made in 1949 on the W. Wilson and adjacent claims near Clancy
(Roberts and Gude, 1953a) and at the Free Enterprise mine near
Boulder (Roberts and Gude, 1953b) in the northern part of the
Boulder batholith. Subsequently more than 100 radioactivity
anomalies were detected (Becraft, 1856, p. 117), all but 2 of which
are in quartz monzonite, granodiorite, or related rocks of the Boulder
batholith. In this area uranium is associated with chalcedony veins
and vein zones which locally contain a little silver (Kunopf, 1913,
p. 103). Examples are the W. Wilson vein in the Clancy area and
Free Enterprise vein near Boulder. A similar occurrence is at the
Red Rock mine, one of the examples of uraniferous veins in prebatho-
lithic volcanic rocks (Becraft, 1956, p. 120).

In the same area uranium also is assoclated with lead-silver veins
and with minor amounts of zinc and copper as at the Comet and Gray
Fagle mines or with mixed-type veins intermediate between the chal-
cedony and the lead-silver veins as at the Lone Eagle mine (Becraft,
1956, pp. 120 and 121). In all cases the uranium is believed to have
been emplaced in a late stage of mineralization.

Uranium ore has been produced from only a very few of the nu-
merous radioactive veins. A few tons of high-grade ore and about 150
tons of low-grade ore were produced from the Free Enterprise mine
(Roberts and Gude, 1953b, p. 147) and several hundred tons of
moderate-grade ore were mined from the W. Wilson mine (Becraft,
1956, p. 120). A small tonnage was produced from the Lone Eagle
mine and a few tons have been obtained from other properties. No
mines in the area are currently producing uranium ore.

Secondary uranium minerals are found coating small joints and frac-
tures in Belt series quartzites near Saltese, Mineral County, but no
production is known (Weis and others, 1958, p. 21).

i Nore.—Figure indicated appears as a folded map at the rear of this document.
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Uraniferous veins or shear zones have been reported from Mineral,
Ravalli, Beaverhead, and several other counties in western Montana
(Butler and others, 1962).

In the Pryor Mountains in Carbon County, tyuyamunite
(Ca(UO0:)3(V04)25-8.5 H0) occurs in soft clayey material and silici-
fied breccia that fills caves and solution cavities in the Madison
limestone (Jarrard, 1957, p. 36). The largest productive mines of
the Pryor Mountains are in Wyoming, but a number of deposits have
been found in Montana. Although the individual ore bhodies are
small, the grade of the ore is relatively high and most of the Montana
production of uranium has been from the Pryor Mountains.

Uranium-bearing lignite deposits underlie an area of approximately
13,000 square miles in North and South Dakota and adjacent parts of
eastern Montana, near the eastern edge of the Great Plains physio-
graphic province (Denson and Gill, 1956, pp. 413-418; Gill, 1959,
pp. 167-179). The mineralized lignite beds occur throughout 2,000
teet of fluviatile deposits of Paleocene and late Cretaceous age. Over-
lapping the lignite-bearing sequence with marked regional uniformity
are 250 feet or more of mildly radioactive tuffs and bentonitic clays
of Oligocene and Miocene age. The uranium-bearing lignite beds
underlie the more prominent buttes. Field evidence suggests that
uraniw was leached from the tuffs and concentrated in the under-
iying lignite. Megascopically identifiable uranium minerals are rare.
Where they occur they coat or fill thin joints and fractures in the
lignite and associated rocks. According to Denson and Gill (1956,
pp- 4, 18) incomplete data indicate that deposits of radioactive lignite
in eastern Montana and adjacent parts of North and South Dakota
aggregate about 90 million tons. The beds average about 4 feet in
thickness, and contain about 0.008 percent uranium. The uranium
content of ash from the lignite ranges from 0.05 to 0.1 percent. The
lignite beds are therefore a significant potential source of uranium
particularly if uranium can be extracted from ash of lignite used
industrially. The discovery of lignite containing as much as 5 percent
uranium in the Cave Hills area of South Dakota suggests that other
high-grade deposits of considerable size might be discovered.

Becraft (1958) has described uraniferous shale and lignite beds in
the Townsend and Helena Valleys in Lewis and Clark, Broadwater,
and Jefferson Counties. The uranium-bearing beds are in the lower
part of a Tertiary sedimentary unit that consists largely of thin-bedded
tuffs locally altered to bentonite. The uranium presumably was
leached from the tuffs by meteoric water and concentrated in the
carbonaceous shale and lignite. None of the uranium occurrences
appear to be commercial, but they suggest that similar Tertiary sedi-
mentary rocks which are present in many of the major valleys and
intermontane basins in western Montana may be worth prospecting
for uranium, particularly if they include light-colored, fine-grained
tuff, bentonite, and coaly or carbonaceous beds.

Uranium is present in small amounts in all the bedded phosphorite
deposits of southwest Montana (Swanson, 1960). The phosphorite
occurs as part of the two phosphatic shale members of the Phosphoria
formation of Permian age (McKelvey and others, 1959). Estimates
by Swanson (1960, and oral communication) indicate that in the area
south of Butte 35,000 short tons of uranium is present in rock 3 feet
or more thick containing 31 percent P;Os (acid-grade rock), with an
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average uranium content of 0.0090 percent. Inrock of that thickness
containing 24 percent PO; there are more than 400,000 tons of ura-
nium, with an average content of 0.0066 percent. Kstimates for the
area farther north, which includes the deposits being mined near
Garrison and Maxville, are not yet available. These figures reflect
the total estimated phosphorite reserve, not just that part now acces-
sible to mining. Uranium is recovered {rom some of the phosphorite
mined in Florida, which is of comparable grade, but has not been
recovered from any mined in the western field.

Although additional uranium discoveries very possibly could be
made in veins and in deposits similar to those in the Pryor Mountains,
production from these sources cannot be expected to be large. If the
need were great enough, very large quantities of uranium could be
recovered from the uraniferous lignite deposits of eastern Montana
and from the phosphorite deposits of western Montana. Montana
therefore is an important potential source for the future production of
uranium,

VERMICULITE
(By P. L. Weis, U.S. Geological Survey, Spokane, Wash.)

Vermiculite is a hydrated magnesium-aluminum silicate mineral
that expands greatly when heated. It occurs in nature as a platy
brownish to greenish mineral with micaceous cleavage, and resembles
biotite in appearance. When heated to about 1,500° F., vermiculite
expands from 10 to as much as 30 times its original volume. Natural
veriniculite is soft, and deposits have often been recognized by the
presence of micalike flakes in a slippery soil that forms over the
bedrock.

Minable bodies of vermiculite are generally found in intrusive bodies
of pyroxenite, or less commonly with pyroxenite layers in metamorphie
rocks. Commercial deposits require ore that contains a large propor-
tion of vermiculite (30 to 50 percent or more), and the vermiculite
must be sufficiently expandable so that the final product weighs
from 4 to 10 pounds per cubic foot.

Expanded vermiculite is a good thermal insulator at temperatures
ranging from subzero to 2,000° F.; it is lightweight, fireproof, granu-
lar, and free flowing; it is inert and will not decompose or decay; it is
sterile and harmless to handle; it has the properties of a mineral
sponge and will absorb large amounts of liquids and still remain free-
flowing (Myers, 1960, p. 894). These properties result in its exten-
sive use as loose grains as an insulator, or mixed with portland cement,
clay, or plaster for lightweight aggregate, fireproof insulation, refrac-
tory blocks, and related products. It is used as a mineral filler, as a
carrier for insecticides, fertilizers, and pesticides, as a culture medium
for starting seeds and cuttings, and as a soil conditioner, in addition
to a great many miscellaneous uses. The domestic industry produces
about 200,000 tons of vermiculite annually.

Montana has large reserves of vermiculite. The large deposit con-
trolled by the Zonolite Co. near Libby, Lincoln County, which began
operation shortly after World War I, was the first deposit exploited in
the United States (fig. 44,' No. 1).

1 NoTe.—Figure indicated appears as a folded map at the rear of this document.
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The Libby deposit consists of masses of vermiculite formed by
hydrothermal alteration in a large body of pyroxenite (Pardee and
Larsen, 1929, pp. 22, 24). The deposit 1s cut by dikes of syenite, and
it contains masses of hydrobiotite, biotite, and amphibole. The ore
body is one of the largest ever worked; production ranged from a few
hundred tons a year in the early 1920’s to 20,000 tons in 1940 and to
75,000 tons in 1946. Present production i1s considerably greater.
Reserves of ore-grade material are extensive.

Vermiculite deposits of a similar type are known near Hamilton,
Ravalli County (No. 2) (Perry, 1948, p. 28), where the material also
ocecurs in pyroxenite associated with syenite and pegmatite dikes.
The vermiculite may be of commercial quality, but the amount of
reserves is not known.

The vermiculite deposits near Boxelder, on the Rocky Boy Indian
Reservation, Hill County (No. 3), are also associated with syenite and
pegmatite. The Bearpaw Mountains, in which the deposits oceur,
are largely made up of an unusual potassium-rich group of igneous
rocks. The deposits themselves appear to be limited in size, but com-
mercial-quality material is believed to be present.

Vermiculite also occurs in metamorphic rocks of the Precambrian
Pony series (Perry, 1948, p. 32). Such deposits that have been
investigated include those near Pony (No. 4), Virginia City (No. 5),
and Ennis (No. 6), Madison County; and near Dillon (No. 7), Beaver-
head County. The vermiculite at these places is found in schistose
bands and layers. Although the vermiculite is generally fine-grained,
some commercial-quality material exists at these deposits, and reserves
may be large.
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WATER RESOURCES

(By Frank Stermitz, Helena, Mont., T. F. Hanly, Worland, Wyo., and C. W. Lane,
Billings, Mont., U.8. Geological Survey)

INTRODUCTION

An abundant supply of water prevails over much of Montana,
particularly in the mountain areas and adjacent to the major water-
courses. Surface-water supplies are of good quality in the mountain
areas but are variable in both quantity and quality in the plains area.
Ground-water supplies adequate for stock and domestic use are avail-
able in most of the State. Large ground-water supplies of good
quality are generally available in the intermontane valleys and near
major streams but are lacking in much of the plains area. Reservoir
storage has greatly aided utilization of surface water for irrigation
and electric-power generation. Large-scale development of the State’s
oround-water resources has only begun, and many opportunities exist
for development and further utilization.

The climate of Montana deserves brief description as available
water originates in the State or bordering areas of similar climatic
characteristics. The mean annual precipitation is about 15 inches.
Tt is heavy in the mountains and light in the foothills and plains.
Figure 45, prepared by the U.S. Weather Bureau, shows the areal
distribution of precipitation. Although the indicated range is from
6 to 56 inches, half of the State lies in the belt of 12 to 14 inches.
About 60 percent of the annual precipitation in the high mountain
areas occurs during the snow storage period of late October to early
April.  In the foothills and plains areas east of the Continental
Divide, 65 to 80 percent of the precipitation occurs during the April
to September period. The April to September precipitation in the
mountain valleys west of the Continental Divide varies considerably
and averages about half the annual amount. Winter temperatures
are conducive to snow storage in the high mountains. Chinook or
thawing winds of midwinter often deplete snow storage on the foot-
hills and plains. '

Chemical quality and sediment are factors that affect the water
resources. In Montana the natural effects are hardness and variations
in chemical and sediment content. Man’s actions in the use of water
result in problems involving irrigation return flows, sediment in
reservoirs, and domestic and industrial wastes.

Man’s actions such as disposing of domestic, industrial, and radio-
active wastes can be controlled. Other problems such as return
flows from irrigation, and reservoir sedimentation can be minimized
by adequate planning and design of facilities.

Montana employs the doctrine of prior appropriation for the
administration of water rights. These rights, which are also based
upon the application of the water to beneficial use, are administered
under supervision of district courts. Legislation that became effec-
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tive January 1, 1962, places the administration of ground-water rights
in the office of the State Engineer.

The water crossing the international boundary is subject to the
general provisions of the Boundary Waters Treaty of 1907 and subsequent
orders of the International Joint Commission. The latter are of par-
ticular significance on the Milk and St. Mary Rivers where definite
apportionment is practiced. Interstate tributaries of the Yellowstone
River are allocated by the Yellowstone River Compact.

SurFaAcE WATER

The surface water of Montana drains to the Pacific Ocean, the Gulf
of Mexico, and Hudson Bay. There are a few small closed basins near
the northern border east of the Continental Divide and northwest of
Billings. The relative discharge of the principal streams is shown in
the schematic map of figure 46. The line width of streams represents
the mean discharge. The width is varied as the square root of the
discharge to permit visualization of major streams throughout their
length. The streams entering Montana contribute about 21,000 cubic
feet per second as an average and those leaving the State discharge
an average of about 58,000 cubic feet per second. About 5,600 cubic
feet per second is used consumptively in the State. The Columbia
River basin constitutes 17 percent of the area of the State and has
58 percent of the total streamflow of 63,000 cubic feet per second.
Approximately 82 percent of the State lies in the Missouri River basin
and has 40 percent of the water supply. The Hudson Bay drainage
area comprises less than half of 1 percent of the drainage area of the
State and has about 2 percent of the streamflow.

A common measure of water for irrigation is the acre-foot, which
is the volume required to cover an acre to the depth of 1 foot, and is
equivalent to 326,000 gallons. A flow of 1 cubic foot per second is
equal to 449 gallons per minute, 1.98 acre-feet per day, or about 724
acre-feet per year.

The mean annual runoff varies from more than 40 inches to less
than 0.25 inch and averages about 3.5 inches for the State. The areal
distribution as equivalent inches of depth over the land surface is
shown generalized in figure 47. The generally mountainous areas
west and east of the Continental Divide have relatively high runoft.
About half the State has less than 1 inch of runoff.

The usefulness of streamflow is related to its seasonal and annual
dependability. The large proportion of the annual precipitation that
falls on the high mountains during the winter or snow-storage months
has a marked effect on the runoff pattern. The snow-melt runoff
from the mountains begins in April and reaches & peak rate in late
May or early June. The runoff is essentially completed in July and
the normal baseflow recession is modified slightly by summer rains.
As vegetative uses decline and the fall rains begin, another increase in
flow occurs before cold weather restricts streamflow to the ground-
water outflow rate. In some winters, mild weather may bring about
a brief increase in streamflow. The sustained minimum flows of the
mountain streams generally oceur during March when ground-water
outflow reaches its lowest level. To illustrate this flow pattern,
typical annual hydrographs for the Flathead River near Columbia
Falls and the Yellowstone River at Corwin Springs are shown in
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figure 48. The latter stream passes through Yellowstone Lake and a
smoother pattern of runoff is apparent from its hydrograph. The
variability of annual flow is relatively small for most mountain
streams. Annual discharges for the Clark Fork at St. Regis fall
within plus 56 percent and minus 52 percent of the average discharge
during the index period of 1931-60. A similar comparison for the
Yellowstone River at Corwin Springs shows variations of plus 44
percent and minus 36 percent. Most of the low flows occurred
during the general drought period of the 1930’s.

Streams of the foothills and plains areas are usually at extremely
low level or may cease flowing during the winter. The melt of snow
and channel ice accumulated during the winter usually takes place in
late March, although brief thaws as early as February are not uncom-
mon. The spring rise may produce the peak flow of the year. The
recession from the peak is quite rapid and subsequent increases in
flow are dependent upon rains of suflicient intensity and duration to
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cause surface runoff. These streams may cease flowing during the
hottest part of the summer, and resume flowing as evaporative and
vegetative losses decrease. An annual hydrograph for Marias River
near Shelby (fig. 48) shows the mixed influence of a mountain and
foothill environment. The hydrograph for the Poplar River near
Poplar (fig. 48) is typical of the plains streams, wherein variations in
flow are the greatest. The annual discharges for the Marias River
near Shelby fall within plus 89 percent and minus 62 percent of the
average discharge for the index period of 1931-60. The lack of com-
plete record before 1947 requires the use of a 194760 period for com-
parison of the variability of flows of the Poplar River near Poplar.
During that shorter time period, the annual discharges lie within
plus 173 percent and minus 77 percent of the average.

Few data are available to indicate the chemical quality of water
in the Columbia River Basin in Montana. Based on these few data
and on the geology of the area, it seems probable that the water is
generally a ecalcium bicarbonate type with relatively low concentra-
tions of dissolved solids. This type of water is also general in the
Missouri River Basin upstream from Fort Peck Reservoir, and in
the Yellowstone River Basin upstream from Billings. An exception
is the Teton River below Priest Butte Lake drain, where the water is
a sodium sulfate type with relatively high concentrations of dissolved
solids. The water of the lower Missouri River, including Fort Peck
Reservoir, the Milk River downstream from Havre, and the northern
tributaries to the Missouri River below Fort Peck Reservoir, is a
sodium bicarbonate type with relatively high concentrations of dis-
solved solids. Downstream from Billings the water of the Yellow-
stone River and its tributaries is a sodium sulfate type with relatively
high concentrations of dissolved solids. Figure 49! shows the general
distribution of the water-quality types and the approximate range
in the concentration of dissolved solids.

The sediment yield of Montana streams varies with geology, relief,
stream velocity, vegetation in the drainage basin, precipitation, and
abundance of flow. Some geologic formations such as shales and
soft sandstones are easily eroded and are large producers of sediment.
Transportation of sediment by flowing water is a natural geologic
process that has been accelerated by man’s actions.

Few data are available to indicate either the long term or the annual
sediment yield in the Columbia River Basin in Montana. However,
the few observations and a knowledge of the geology of the area indi-
cate a relatively low sediment yield except in localities where mining
and lumbering operations are active. This is also true throughout
the upper Missouri River Basin and upper Yellowstone River Basin
where more data are available. Farther east, where the surficial
rocks are predominantly shales and soft sandstones, the sediment
yield is relatively high. In the north-central part of Montana, streams
flowing in Bearpaw shale have the highest sediment yield observed
in the State. The general areas and rates of sediment yield are de-
lineated on figure 50.

The temperature of flowing streams during the winter period is
near the freezing point. After the disappearance of channel ice in
late March or early April, stream temperatures show a gradual rise to
as high as 50° F. by late April. The water temperatures may drop
to less than 40° F. as the mountain snowmelt progresses, according to

1 Nore.—Figure indicated appears as a folded map at the rear of this document.
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the relative contribution of snowmelt runoff to streamflow. Another
warming trend begins in June as snowmelt runoff decreases. Water
temperatures are generally between 60° F. and 70° F. in July and
August. Temperatures as high as 80° F. have been measured on
small streams in the plains area during periods of prolonged hot
weather. A gradual downward trend in water temperatures usually
begins by early September and the near freezing point is common
by late November. The temperature of water released from large
storage reservoirs approaches the mean annual air temperature.

Grounp WATER

Most of western Montana is mountainous but contains numerous
large intermontane valleys. The mountains are composed principally
of Precambrian crystalline and Tertiary igneous rocks but also include
some rocks of Paleozoic and Mesozoic age. These rocks are not sources
of ground water but do serve as catchment areas for precipitation, a
part of which later enters the previous fill of the intermontane valleys
to become ground water.

The fill underlying many of the intermontane valleys is quite thick,
as much as several thousand feet in some valleys, and is composed of
Cenozoic alluvium and lakebeds. The sediments filling many of
these valleys are very permeable and form vast ground-water reservoirs,
most of which are almost completely filled. Recharge of the ground
water is by precipitation in the valleys, seepage of applied irrigation
water, and seepage from streams. During periods of low flow in the
major streams, ground water is discharged to the streams providing
the base streamflow.

Tast of the Rocky Mountains, in a broad belt extending through
the central part of the State, is an area of high plains broken by
isolated mountain ranges. Most of the area is underlain by stratified
rocks of Paleozoic and Mesozoic age. The rocks contain a number of
sandstone and limestone formations that are permeable and contain
large quantities of ground water. Many of the water-bearing rocks
are exposed on the flanks of the isolated mountains, and thus are
favorably situated to receive recharge from precipitation and from
streams flowing from the mountains. Many of the water-bearing
rocks are deeply buried away from the mountains, and the geologic
structure is such that flowing artesian wells can be obtained in some
areas.

The Fort Unicn formation and high terrace gravels of Cenozoic
age are present over sizable but isolated areas in the central part of
the State. These rocks are generally very permeable, and, where thick
enough, are sources of ground water,

Most of Montana east of the isolated mountains is a high plain
devoid of mountains but deeply incised by the Missouri and Yellow-
stone Rivers and their tributaries. Kroston adjacent to the streams
gives considerable topographic relief to the area locally. In most of
eastern Montana the Fort Union formation of Cenozoic age underlies
the surface and is underlain by several thousand feet of Paleozoic and
Mesozoic stratified rocks. Only the Mesozoic and Cenozoic rocks of
eastern Montana are significant as sources of ground water, the older
rocks being too deeply buried to be within economic drilling depth
for water wells. Geologic structural conditions are favorable in parts
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of eastern Montana for obtaining flowing artesian wells. Most nota-
ble of the artesian areas are at low elevations in the Tongue, Powder,
and lower Yellowstone River drainage basins. Ground-water recharge
in the eastern part of the State is by precipitation in the area, and
owing to the semiarid climate, is probably quite small.

Of great significance to the ground-water supply of the State are
the alluvium and low terrace deposits in the inner valleys of most
streams in the State. The alluvium and terrace deposits are composed
principally of silt, sand, gravel, and cobbles and are the most perme-
able water-bearing rocks in the State. The deposits are readily
recharged by precipitation, by streams during periods of high stage,
and by applied irrigation water.

Unconsolidated deposits of silt, clay, sand, and gravel underlie the
intermontane valleys of the West, are present in the valleys of most
of the major streams, and mantle the consolidated bedrock in many
parts of the State. The unconsolidated deposits generally contain an
abundant supply of ground water. Development of this valuable
resource for other than domestic and stock use has started in only a
few areas of the State. Figure 51 shows the magnitude of the ground-
water supplies that can be developed from wells in the unconsolidated
rock deposits in various parts of the State. The areas shown are
those in which wells within the indicated range of vield are known to
be present. 'The indicated well yields may not be available at all
locations within the areas shown, but the potential for such well
vields is favorable. Moderate to large well yields from unconsoli-
dated rocks may be available in other parts of the State but are not
yet known.

The consolidated rocks of significance to the ground-water supply
are the stratified rocks underlying most of the area east of the Rocky
Mountains. Within this vast area, wells in the consolidated rocks
provide water supplies for many towns, some industries, and a large
percent of the domestic and stock use. There are many rock forma-
tions that are water bearing, but owing to the complexity of the
geology, not all the formations will be found in any given area, and
the depth of well required to tap a given formation will vary with
location. The rock formations are nearly all named, and those
vielding ground water are usually known to well drillers and to many
residents of an area where they are utilized. The rock formation
names common to individual areas will be used to describe the source
and availability of ground water in the section that follows.

The quality of ground water in Montana varies greatly in chemical
characteristics and dissolved-solids content. These variations depend
mainly on the geology and the precipitation of an area. The Cenozoic
and Mesozoic sedimentary rocks of eastern Montana yield water that
is of poorer quality than the water obtained from the deposiis in the
intermontane valleys of western Montana. Water obtained from a
geologic source in western Montana tends to be more uniform in
chemical character and mineralization, whereas in eastern Montana
considerable variation occurs in the quality of water obtained from
any given formation, depending upon location and depth to supply.
The igneous and metasedimentary bedrock of western Montana,
with some exceptions, are much more dense than the Cenozoic and
Mesozoic rocks of eastern Montana, and as & consequence, the soluble
minerals are not as readily leached and thus do not contribute greatly
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to the mineralization of the ground water. The chemical quality of
ground water in eastern Montana shows considerable variation. The
permeability and recharge characteristics of the rocks in this part of
the State permit the contained water a longer but variable contact
time to dissolve the available minerals.

UTILIiZATION AND STORAGE

Trrigation throughout the State comprises most of the consumptive
water use. Data from various sources indicate that generally more
than 1,500,000 acres are irrigated annually with reasonably adequate
water supplies. About 500,000 additional acres of pasture, wild hay,
and early maturing crops are inadequately irrigated from intermittent
or overapprepriated streams. This latter acreage includes flood-
irrigation and water-spreading projects that may receive little or no
water in an unfavorable season. Numerous reservoirs provide a
usable capacity of about 1,300,000 acre-feet exclusively for irrigation.
The use of ground water for primary or supplemental irrigation has
made a modest beginning in a few areas. This use, which constitutes
less than 1 percent of the irrigation diversion, has been primarily in
the intermontane valleys or in alluvial valleys where recharge from
streams could be expected. Many of the irrigation enterprises are
operated by individuals or small organizations, and information on
quantities of water diverted, lost by conveyance, applied, and returned,
are too incomplete to arrive at reliable data on water usage. Gross
diversion may be as much as 10 million acre-feet annually, of which
about 2,500,000 acre-feet is consumed or is lost by evaporation and
transpiration. Some retwrn flows are reused for irrigation down-
stream. The regimen of a few streams is sufficiently altered by
irrigation use to lower the normal high water period of May and June,
and the highest flow months may be in the late fall.

The significant use of surface and ground water for livestock has a
high economic value. In many areas, the scarcity of water limits
use of the range for this purpose. The quantity used for livestock,
including evaporation loss from stock ponds, exceeds that used by
municipalities. The evaporation loss from shallow stock ponds is
several times greater than consumption by livestock from this source.

The muniecipal and industrial uses of water are respectively about
113 and 204 million gallons per day. This annual diversion 1s about
350,000 acre-feet or less than 1 percent of the average surface supply.
Ground water is used exclusively by 92 municipalities; 40 are sup-
plied by surface water and 19 use combinations of surface and ground
water. Nearly 80 percent of the State’s population is supplied by
surface water of good quality. Ground water is the primary source
of rural, domestic, and stock water supplies. About 18 percent of the
commerecial and industrial use is supplied from surface water sources.

Although the variability of annual flow of many Montana streams is
relatively small, storage and redistribution to meet demands is es-
sential to achieve a reasonable degree of utilization. The early storage
facilities were based upon the single-purpose concept and were
generally small and readily constructed. The application of the multi-
purpose approach and the consideration of benefits beyond the
borders of the State has been a growing factor in recent major storage
developments. The capacity of present surface storage facilities is
about 28 million acre-feet, equal to two-thirds of the average annual
runoff. However, the greater part of that storage is concentrated
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on a few streams and does not provide the degree of control within
Montana that might be implied.

There are 59 reservoirs in Montana, each with a capacity in excess
of 5,000 acre-feet. The 48 reservoirs devoted exclusively to irrigation
have a combined capacity of 1,300,000 acre-feet and generally are on
or are supplied by the smaller streams. Thereservoirs with a capacity
in excess of one-half million acre-feet each are Hungry Horse and Flat-
head Lake in the Columbia River Basin, and Canyon Ferry, Tiber,
and Fort Peck in the Missouri River Basin. Hungry Horse Reservoir,
on the South Fork Flathead River near Columbia Falls, has a usable
capacity of 3,428,000 acre-feet for onsite power generation and flood
control and for downstream hydroelectric power. The control of Flat-
head Lake through a range in stage of 10 feet provides 1,219,000 acre-
feet of storage for hydroelectric power. Canyon Ferry on the Missouri
River near Helena has a usable capacity of 2,043,000 acre-feet. Its
primary use is for the reregulation of streamflow to supply prior down-
stream water rights, thus permitting an expansion of upstream irriga-
tion. Onsite generation of hydroelectric power, municipal supply, and
local irrigation are also involved. Tiber Reservoir, on Marias River
near Chester, has a usable capacity of 1,313,000 acre-feet at controlled
spillway elevation. It was designed for irrigation water storage as
well as flood control, recreation, and stream regulation purposes which
it now serves. Fort Peck Reservoir, on the Missouri River in north-
eastern Montana, has a usable capacity of 17,800,000 acre-feet for
power generation, flood control, navigation, and downstream regula-
tion of flows. This storage capacity is nearly triple the mean annual
flow at the site. Yellowtail Reservoir is now (1963) being constructed
on the Bighorn River south of Hardin in the Yellowstone River Basin.
It will have a usable capacity of 1,375,000 acre-feet for power genera-
tion, irrigation, flood control, and sediment storage. This storage ca-~
pacity is nearly twice the mean annual flow at the site.

Various State and Federal agencies and private interests have
proposed additional reservoirs having a total capacity of 14 million
acre-feet of water, about equally divided between the Columbia and
Missouri River Basins. The choice of alternate plans might greatly
increase or decrease the proposed storage.

The evaporation from surface reservoirs significantly alters the
available water supply. It has been estimated that an average of
more than 2 million acre-feet of water is evaporated each year from
th«i reservoirs, lakes, and streams in Montana (Meyers, 1962), as
follows:

From principal reservoirs and regulated lakes with usable storage of Acre-fee

5,000 acre-feet or more. - ____ .. 1, 294, 000

From other large nonregulated lakes, with surface area of 500 acres or
TOOT€_ o e ___ 137, 600
From prineipal streams and canals__ ... __________________________ 291, 000
From small reservoirs, lakes, and stock ponds. ... _._______ 256, 000
From small streams._ ___ o _____ i21, 000
Total for Montana_ ... __ . _____ ... 2, 099, 00¢

Annual evaporation rates range from less than 24 inches in the higher
mountains to about 40 inches in the southeastern plains.

The storage of waters by recharge of aquifers may prove feasible in
some places. Such storage generally would not interfere with pres-
ent land uses and evaporative loss would be greatly reduced. Some
use of the artificial recharge that occurs through irrigation in inter-
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montane valleys has been made, and an appreciable effect is apparent
on the streamfow regimen.

The numerous streams, lakes, and reservoirs are utilized by resi-
dents and visitors for various forms of recreation. The social and
economic values are recognized and given consideration in develop-
ment plans. Campers and picnickers are particularly attracted to
mountain areas. The good chemical quality, suitable temperatures,
low sediment content, and sustained flow of streams in the western
two-thirds of the State promote good trout habitat. The natural
lakes and the reservoirs are used extensively for water-based sports,
and many homes have been built on the shores. A significant num-
ber of natural or artificial water bodies are used as refuges for migra-
tory fowl. The tourist business ranks third in economic value in the
State and the water resources play an important part in attracting
visitors.

The development of reasonably firm power on Montana streams
requires considerable storage capacity to redistribute variable seasonal
flows for less variable power-generation needs. The runoff of moun-
tain streams during May and June ranges from 45 to 60 percent of
their total annual flow, depending mainly upon geographic location
and altitude of the watershed. The runoff for April through July is
about 65 to 75 percent of the annual flow. As the mountain streams
traverse the plains areas, the incremental inflow tends to lengthen
the high-flow periods and to increase the percentage of flow during the
remaining months. Irrigation is also an important factor toward
equalization of seasonal streamflow. Multipurpose storage for flood
control, irrigation, recreation, downstream navigation, industrial and
municipal supply, and fish and wildlife should be considered in power
development plans.

The installed power capacity of each stream in the principal river
basins is shown in table 9. The installed power capacity in kilowatts
represents the manufacturer’s rating of the maximum power output
from the generating equipment. The average annual power produced
is given in terms of kilowatt-hours as reported by the Federal Power
Commission in 1960. The average power generation in the State is
reported to be 59 percent of the installed capacity.

TasLe 9.—Installed capacity end average yearly power data for existing projects
wn Montana

Existing Existing
Stream installed | Percent of | average Percent of
capacity | State total power State total
(kilowatts) (kilowatts)
Columbia River Basin:
Tiake Creek. _. e 4, 500 0.36 2,854 0.39
Flint Creek. . . 1, 100 .09 913 .12
Clark Fork. .. ___.__.__ —_— 315,920 25.04 186, 073 25.23
South Fork, Flathead River. .o cccoeocomoamaanan 285, 000 22.58 94, 406 12,80
Swan River. 4,150 .33 3, 539 .48
Big Creek 360 .03 126 .02
Flathead River. 168, 000 13.31 121, 005 16, 41
Total, Columbia River Basin. ... .ocvomerunanas 779, 030 61.74 408,916 55,45
Missouri River Basin:
Misgouri (main stem) 463, 800 36.7 314, 269 42,62
Madison River, , .71 8,333 1.13
Yellowstone River Basin: West Rosebud Creek.._. 10, 000 .79 5, 936 .80
Total, Missouri River Basin. ..occmmceemmacnceans 482, 800 38.26 328, 538 44. 55
Total for State. 1, 261, 830 100. 00 7317, 454 100. 00
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The additional waterpower potential is estimated at nearly 18
billion kilowatt hours annually, or nearly three times the present
production. Further investigation of potential power developments
may be expected to result in reduction of potential because of un-
favorable geologic conditions, incompatibility of interests, economic
feasibility, and other causes. The data of table 10 were derived
from information published by the Federal Power Commission except
for the deletion of a few projects now believed unfeasible. The
table does not include the added power available through the recon-
struction or improvement of present projects.

Tasre 10— Installed capacity and average annual power data for undeveloped power
resources wn Montana

Undeveloped Undeveloped
Stream installed Percent of average Percent of
capacity State total power State total
(kilowatts) (k1lowatts)
Columbia River Basin:

Kootenai River (main stem). ... 1,180, 000 24.16 374,772 18.37
Yaak River. .. ... 159, 200 3.26 46, 233 2.27

Clark Fork (main stem) 480, 000 9.83 173, 402 8. 50
Rock Creek. oo 51, 500 1.05 23, 002 1.13
Blackfoot River Basin 146, 300 3.00 48, 208 2.36
Flathead River Basin 1,044, 800 21.39 307,191 15. 06
Thompson River.... , 000 .68 41, 667 2.04
Bull River. ool 2,200 .04 1,005 .05

Total, Columbia River Basin__....._ 3,097, 000 63.41 1,015,480 49.78
Missouri River Basin:

Misgsouri River (main stem) 310, 500 6.36 210, 160 10.31
Jefferson River Basin_...... 147, 000 3.01 /3, 516 3.60
Madison River._____._...... 36, 500 .75 22, 375 1.10
Gallatin River.. 20, 800 .43 12,329 . 60
Sun River.___. - 20, 500 .42 6,963 .34
Marias River 3, 600 .07 1,027 .05

Total, Missouri River above Yellow-
Store River--....._..... 538, 900 11.04 326, 370 16. 00

Yellowstone River (main stem). 920, 000 18.84 536, 530 26.30
Mill CreeK oo 15, 000 .31 7,991 .39
Boulder River. ... 10, 000 .20 6, 849 .34
Stillwater River___.. JR— 40, 000 .82 21, 689 1.06
Bighorn River Basin ! e 255, 000 5.22 121,918 5.97
Powder RIVOT. oo 8, 000 .16 3 .16

Total, Yellowstone River Basin__..... 1, 248, 000 25. 55 698, 288 34.22
Total, Missouri River Basin_........ 1,786, 900 36. 59 1,024, 658 §0.22
Total for State. .o 4,883, 900 100. 00 2,040, 138 100. 00

1 Includes Yellowtail project now under construction with planned installed capacity of 200,000 kilowatts.
Basin Arpraisars or WaTeEr RESOURCES

The preceding discussion on the water resources of Montana pre-
sents a broad picture. Because interest is often directed to a specific
locality, a somewhat more detailed discussion by river basins or sub-
divisions of major river basins follows,

COLUMBIA RIVER BASIN

Kootenai River—The Kootenai River heads in Canada and flows
through the extreme northwestern part of the State for a distance of
100 miles. The drainage area of about 4,000 square miles in Montana
is mostly mountainous and heavily timbered. The main stream is
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well entrenched and has an average gradient of 5 feet per mile. The
average unit runoff for the drainage in Montana is 11 inches and has a
tendency to increase in a downstream direction. Nearly one-half the
annual runoff occurs during May and June when rains generally
augment runoff from mountain snowmelt. The recession during
July and August is more gradual than the pattern illustrated in the
hydrograph for the Flathead River near Columbia Falls (fg. 48). In
the 51 years of discharge record for the Kootenai River at Libby, the
annual discharge has varied from 57 to 138 percent of the average, a
measure of high dependability. Some data regarding streams of the
area are given below:

Extremes of

Average discharge
Drainage| Years |discharge (cubic feet Irrigated
Stream area of (cubic per second) land
(square | record | feet per served
miles) second) (acres)
Maxi- Mini-
mum muin

Kootenai River at Newgate, British Co-

lumbia ! - 3 31 10, 380 98, 200 994 Minor
Fisher River near Jennings, Mont . 567 6, 320 60 Minor
Granite Creek near Libby, Mont 65 1, 960 20 None
Kootenai River at Leonia, Idaho 3. 33 13,850 | 123,000 996 14, 600

! Near entry into Montana.
2 Creek blocked by snowslide.
3 Nearentry into Idaho,

Ground water is available from unconsolidated deposits underlying
the Kootenai River Valley and those of its principal tributaries.
Wells yielding from 250 to 1,000 gallons per minute can be constructed
in some parts of the drainage, notably in the valley of the Tobacco
River near its mouth and in the Libby Creek Valley. Wells yielding
over 1,000 gallons per minute are believed possible in the Kootenai
Valley near the mouth of the Yaak River.

Little is known regarding the quality of the surface and ground
water. The low turbidity of the water, geologic data, and current
usage of surface and ground water indicate very favorable quality
characteristics in all or most of the basin.

The utilization of water for irrigation is relatively minor and could
be expected to vary greatly with the abundance of summer precipi-
tation. Both surface and ground water are used for municipal pur-
poses and the processing of lumber and minerals. Two hydroelectric
powerplants on Lake Creek near Troy have an installed capacity of
4,500 kilowatts. The considerable hydroelectric power potential of
the main stream, and some tributaries, periodically has received active
consideration. The recreation associated with the water resources is
enjoyed by a sparse local population.

Clark Fork above Flathead River.—The Clark Fork above the mouth
of the Flathead River drains about 10,800 square miles of west-central
Montana west of the Continental Divide. The main stream and a
number of the tributaries flow through large intermontane valleys.
The precipitation generally increases in a downstream direction, and
the effect 1s apparent in the fow of streams and in the varying density
of timber stands. The undepleted annual runoff is equivalent to an
average depth of about 10 inches over the watershed. The annual
runoff of tributaries may vary from less than 5 inches to more than 25
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inches., The melt of the winter accumulation of mountain snow
results in a peakflow period in May and June. Rains during that
period contribute greatly to the runoff. Water use for irrigation has
an appreciable effect on the regimen of some streams and to a lesser
extent on the total annual flow. A few of the available data on the
streams are below.

Extremes of

Average discharge
Drainage| Years |discharge (cubic feet Irrigated
Stream area of (cubic per second) land
(square | record | feet per served
miles) second) (acres)
Maxi- Mini-
mum mumn

Middle Fork, Rock Creek, near Philips-

burg, Mont__ ... 123.0 2% 119.0 1,430 4.5 Minor
Nevada Creek above reservoir near Finn___ 116.0 22 35.6 1,800 2.0 2, 900
Clark Fork above Missoula.__ ol 5,999.0 32 | 2,813.0 31, 500 1340.0 120, 000
Blodgett Creek near Corvallis - 26.4 14 71.3 836 1.2 0
Clark Fork below Missoula.__ ~| 9,003.0 32| 5162.0 52, 800 388.0 235, 000
Clark Fork at Saint Regis 10, 709.0 511 7,376.0 68,900 | 1,000.0 244, 000

t Minimum daily.

The use of the water and effects of use indicate good to excellent
natural water quality. The deterioration of water quality through
irrigation is minor. The industrial use of water for the mining and
smelting of ores at Butte and Anaconda occasionally results in slightly
acid water in the upper reaches of the Clark Fork. The control
meagures near Anaconda have improved water quality to the point
that trout are found on the main stream above the mouth of the
Little Blackfoot River.

The unconsolidated deposits in the several large intermontane
valleys of the Clark Fork and major tributaries contain large quan-
titles of ground water. Wells yielding more than 1,000 gallons per
minute can be constructed in many parts of the Missoula, Bitterroot,
Deer Lodge, and Divide Creek Valleys. Smaller ground water sup-
plies of from 250 to 1,000 gallons per minute are generally available
in the upper Blackfoot River Valiey and the valley of Flint and Black-
tail Creeks. BSome ground water development has been undertaken
in parts of these valleys, but the supply is very large and the potential
for additional development is great.

The principal use of water is for the irrigation of about 244,000
acres of Jand. Nearly one-half the acreage 1s in the broad valley of
the Bitterroot River. Development of ground water for irrigation is
of recent origin and serves only a small part of the irrigated acreage.
The annual depletion of streamflow by Trrigation is estimated to be
about 300,000 acre-feet or 5.6 percent of the available supply. A
hydroelectric powerplant on the Clark Fork, downstream from the
mouth of the Blackfoot River, has an installed capacity of 3,040
kilowatts. The industrial use of water for the processing of ore and
the timber products is of considerable economic importance. The
withdrawals for industrial use are principally from surface water
sources as are those for municipal supply. The streams and lakes
offer many opportunities for fishing, boating, and other water-based
recreational uses.

Flathead Biver——The Flathead River drainage comprises an area of
9,077 square miles of which 450 square miles Lie in Canada. Promi-
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nent intermontane valleys, formed by block faulting, are occupied
by the main stream and its major tributaries and form an unusual
drainage pattern. Flathead Lake, with a surface area of nearly 200
square miles, occupies a part of one of these valleys. The drainage is
mostly timbered, but grasslands are common in the semiarid south-
west part. The annual runcff for the upstream one-half of the drain-
age area is equivalent to a water depth of 29 inches, and that for the
entire drainage is about 18 inches. The general runofl pattern is
typical of those basins with heavy winter precipitation in the form of
snow and relatively light summer precipitation. Tributary streams
of the southwest part of the drainage show some characteristics of
plains-type runoff. Summary data on the flow characteristics offa
few streams are presented below.

Extremes of
Average discharge
Drainage] Years |discharge (cubic feet Irrigated
Stream area of (cubie per second) land

(square | record | feet per served
miles} second) (acres)

Maxi- Mini-

mum mum

Flathead River at Flathead, British Co-

Jumbia. - - 450 10 1,002 14, 600 65 None
Flathead River at Columbia Falls, Mont.__ 4,464 33 9,543 | 102,000 798 Minor
Stillwater River near Whitefish, Mont....._ 325 20 340 4,330 40 Migor
Flathead River near Polson, Mont.._.__._. 7,096 54 11, 610 82,800 132 10, 000

! Minimum daily.

Little is known of the ground-water potential of the large tributary
valleys north of Flathead Lake. The supply is believed to be large,
however, and wells of high yield could be developed locally. In the
Flathead valley north of Flathead Lake, wells yielding more than
1,000 gallons per minute are possible and some development has taken
place in the area. In the valleys of Ashley Creek, Little Bitterroot
River, and Jocko River, wells yielding from 250 to 1,000 gallons per
minute can be constructed locally.

Available information indicates water of excellent quality is present
in most of the drainage area. In a few subareas, such as the Little
Bitterroot River Basin, surface and shallow ground water supplies
may be of poor quality.

The principal use of water is for the generation of hydroelectric
power. The multiple-purpose Hungry Horse Reservoir on the South
Fork Flathead River has a usable capacity of 3,428,000 acre-feet
available for onsite power generation of 285,000 kilowatts and regula-
tion for downstream hydroelectric power, flood control, and irrigation.
The regulation of Flathead Lake through a range in stage of 10 feet
provides 1,219,000 acre-feet of storage for the Kerr plant that has an
mstalled capacity of 168,000 kilowatts. Powerplants on Swan River
and Big Creek have a combined capacity of 4,500 kilowatts. About
91,000 acres of land are irrigated, principally from tributary streams
south of Flathead Lake. The annual depletion by irrigation has been
estimated at 109,000 acre-feet, less than 1 percent of the supply. A
number of reservoirs on small tributaries provide storage capacity of
more than 150,000 acre-feet of water for irrigation. Ground and sur-
face water are used for municipal supply. Water-based recreation
plays an important part in the economy of the area.

Clark Fork from Flathead River to State line.—The Clark Forlk
drainage is relatively narrow through this region of 2,200 square miles.
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The crests of the Bitterroot and Cabinet Mountains form most of the
boundary and intermontane valleys are small. In a number of reaches,
the Clark Fork occupies a narrow bedrock channel parallel to a deeper
filled channel of the ancestral Clark Fork. The stream gradient varies
greatly but averages 4 feet per mile. The region is almost entirely
timbered. The western part of the area has a high rate of precipita-
tion, particularly in the Bitterroot Mountains. The gain in the dis-
charge of the Clark Fork through this reach indicates an annual runoff
equivalent of 11.6 inches. The runoff pattern is similar to that of the
upstream areas described previously, although the main steam pattern
is modified by regulation. The discharge records of a few streams are
presented below.

Extremes of
Average discharge
Drainage} Years |discharge (cubic feet Irrigated
Stream area of (cubic per second) land
(square | record | feet per served
miles) second) (acres)
Maxi- Mini-
mum mum
Clark Fork near Plains. .o 19,958 51 19,570 | 134,000 3,200 335, 000
Thompson River near Thompson Falls.____ 642 5 502 4,960 89 Minor
Prospect Creek near Thompson Falls_...___. 182 5 266 2,860 36 None
Clark TFork at Whitehorse Rapids near
Cabinet, IdaN0. o oo ececamem 22,067 33 21,450 | 153, 000 1969 354, 000

1 Regulated minimum daily.

Large ground-water supplies are available in only a few areas
because of the restriction of the Clark Fork Valley. Wells yielding
from 250 to 1,000 gallons per minute can be constructed where the
valley widens above Noxon Reservoir, but similar well yields are not
known to be available elsewhere in the valley.

Surface and ground-water supplies of good quality are indicated
by the geology and water utilization practices in the area.

Generation of hydroelectric power 1s the principal water use. The
Thompson Falls hydroelectric plant with a capacity of 30,000 kilo-
watts, the Noxon plant with a capacity of 282,800 kilowatts, and the
Cebinet Gorge plant, located a mile downstream from the Montana
boundary and with a capacity of 200,000 kilowatts, utilize three-
fourths of the power head of the Clark Fork. These plants rely
mainly upon the water stored by Hungry Horse and Kerr Dams.
Approximately 15,000 acres of land are irrigated along the main stem
and tributaries. Ground water is used to irrigate a few small tracts.
Municipalities utilize surface water and rural residents depend on
ground-water supplies. The artificial water bodies and streams offer
recreational opportunities that are enjoyed by the local population and
visitors.

MISSOURI RIVER BASIN

Tributaries above Three Forks.—The Jefferson, Madison, and Gal-
latin Rivers drain all of southwestern Montana east of the Continental
Divide, an area of about 14,000 square miles. The name Missouri
River is properly used below the confluence of the Jefferson and Madi-
son Rivers, and the Gallatin River enters a few miles downstream.
These principal streams and their tributaries flow through a number
of large intermontane valleys.
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The Jefferson River drains about 9,700 square miles and the main
stem is known successively as the Red Rock River and Beaverhead
River to the mouth of the Ruby River. The main stream and the
principal tributaries, the Big Hole, Ruby, and Boulder Rivers, flow
through large valleys along parts of their courses. Much of the area
receives less than 12 inches of precipitation and grasslands predomi-
nate. A few tributary streams have an April snowmelt runoff peak,
although a May-June snowmelt runoff peak is characteristic. The
extensive uss of surface water for irrigation greatly modifies the
natural fow pattern. The annual runoff adjusted for consumptive
use is equivalent to about 4 inches from the watershed.

The Madison River heads in the high plateaus of Yellowstone
National Park and drains about 2,500 square miles. The streamn passes
through a number of broad valleys, and grasslands are prominent at
lower elevations. The basic mountain-streamflow pattern is modified
by the effects of springs and ground-water storage. These effects are
accentuated by irvigation. The natural runoff is equivalent to a
depth of about 10 inches over the watershed.

The Gallatin River originates in the northwest part of Yellowstone
National Park, and it flows through intermontane valleys before it
enters the broad Gallatin Valley near Bozeman. Extensive irrigation
in the Gallatin Valley reduces the May-June snowmelt runoff peak,
particularly in vears of low flow and light summer precipitation. The
runoff from this drainage basin of 1,800 square miles is about 9
inches after adjustment for irrigation use.

Some discharge data and a few related facts for a number of gaging
stations in the drainage area are given below.

Extremes of
Average discharge
Drainage| Years |discharge (cubic feet Irrigated
Stream area of (cubic per second) lan

(square | record | feet per served
miles) second) (acres)

Maxi- Mini-

mum mum

Red Rock River below Lima Reservoir near

B 0533 o - S PO 570.0 40 138 2, 500 10 10, 000
Beaverhead River at Blaine. ... . 26 390 3,130 7.0 115, 000
Ruby River near T'win Bridges.. . 16 188 1, 500 21.8 28, 000
Big Hole River near Melrose ... .c.coooo_.. 76. 38 1,091 14,100 49.0 136, 000
Boulder River near Boulder......____._.... . 30 110 2, 620 0 3, 500
Jefferson River at Sappington.....__.__ 32 2,093 21, 000 134.0 345,000
Madison River near West Yellowstone 46 471 2, 150 100.0 0
Madison River below Ennis Lake near Mec-

AJHSter - e 2,186.0 23 1,594 7,750 2210.0 23, 000
Gallatin River near Gallatin Gateway 825.0 36 755 8, 060 117.0 1,400
Bridger Creek near Bozeman 62.5 16 32 902 .9 1,200
Gallatin River at Logan 1,795.0 45 949 9, 840 130.0 110, 000

! Regulated.
2 Minimum daily.

The surface and ground water of the basin is a calcium bicarbonate
type with a relatively low concentration of dissolved solids. A minor
amount of sediment is transported by the streams.

The thick unconsolidated deposits of the large intermontane
valleys contain large quantities of ground water in storage. Supplies
exceeding 1,000 gallons per minute are available from wells in the
Jefferson and lower Beaverhead Valleys and in the Blacktail Creek
Valley. Wells yielding from 250 to 1,000 gallons per minute can be
constructed in the Red Rock, Horse Prairie, Ruby, and Big Hole
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Valleys. Ground water supplies in excess of 1,000 gallons per minute
are available in parts of the Madison Valley and in most of the Gallatin
Valley.

Thz principal water use is for the irrigation of about 500,000 acres.
The consumptive use for this purpose is about 20 percent of the
supply. Storage of only 155,000 acre-feet of irrigation water makes
much of the area dependent on currently available streamflow.
Clark Canyon Reservoir, now (1963) under construction on the
Beaverhead River near Dillion, will have a capacity of 261,000 acre-
feet for the irrigation of 21,800 acres of new land and a supplemental
irrigation supply for 28,000 acres. The use of ground water for
irrigation has been started in a few scattered areas. Hebgen and
Ennis Lakes on the Madison River provide 420,000 acre-feet of storage
for hydroelectric power generation on the Missouri River. A power-
plant below Ennis Lake has an installed capacity of 9,000 kilowatts.
Municipalities rely on both surface and ground water supplies. A
diversion from the Big Hole River is an important part of the munici-
pal and industrial water supply for Butte in the Clark Fork of Colum-
bia River drainage. The use of water for recreation is significant
in the Madison, Gallatin, and Big Hole River drainage areas.

Missours River, Three Forks to great Falls.—In most of the reach be-
tween Three Forks and Great Falls, the Missouri River traverses a
mountain area. It flows in a northerly direction through Townsend
Valley, crosses the lower end of the Helena Valley and emerges from
the mountains near the town of Cascade, flowing in a rather narrow
valley. The tributary Smith River occupies a large intermontane
valley in its upper reaches. The other major tributaries, the Dear-
born and Sun Rivers, leave the steep Rocky Mountain front to traverse
a region of foothills and high plains to enter the Missouri River. In
the reach of 209 river-miles between Three Forks and Great Falls, the
Missouri River has a fall of about 700 feet, the greatest amount in the
upstream half of the reach. The incremental drainage area is 8,900
square miles, and the cumulative area to a point below the mouth of
the Sun River is 22,900 square miles.

The runoff from the area is equivalent to a depth of 4.5 inches after
adjustment for consumptive use. The principal contribution to
streamflow in this reach is from the snowmelt runoff of May and June
when precipitation is also the greatest. The natural streamflow pat-
tern is greatly modified by regulation and irrigation use. During
years of low flow, such as occurred in 1961, these modifications result
in a rather uniform flow throughout the year. A few discharge dats
are given below.

Extremes of
Average discharge
Drainage| Years |discharge (cubic feet Irrigated
Stream area of (cubic per second) lan
(square | record | feet per served
miles) second) (acres)
Maxi- Mini-
mum mum.
Missouri River at Toston . .. oomceoaen 14, 669 26 | 5,135.0 32,000 562.0 535, 000
Prickly Pear Creek near Clancy. . ...-.- 192 35 47.7 927 .5 700
Missouri River below Holter Dam near
WOolf Creek. oo 17,149 161 5023.0 34, 900 500.0 574,000
Pearborn River near Craig. o coemmeremn 325 16 216.0 7, 960 8.0 3,
Smith River near Eden 1, 594 10 252.0 12,300 3.1 24, 500
North Fork Sun River, near Angusta....... 258 17 360.0 4,840 27.0 0
Sun River near Vaughn 1,854 27 713.0 17, 900 20.0 110,600

94765—63——11
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The largest ground water supplies are found in the unconsolidated
alluvium and terrace deposits adjacent to the Missouri River and the
lower reach of the Sun River. Supplies of 250 to 1,000 gallons per
minute are generally available from this source. High terrace gravels
mantle consolidated rocks adjacent to the mountains and, where thick
enough, yield adequate water for domestic and stock use.

In much of the reach from the mountains to Great Falls, the con-
solidated rocks of Paleozoic and Mesozoic age are the only source of
ground water supplies. 'The rock formations that are believed to be
reliable sources of ground water include the Two Medicine formation,
the Virgelle sandstone, the Kootenai formation (cut bank sand), the
Swift formation, and the Madison limestone. Few of the formations
are present at all locations and some are deeply buried little is known
concerning the well vields available from these rocks, but large yields
are obtained from the Madison limestone in the Great Falls area.

The surface water is generally of a calcium bicarbonate tvpe with
a relatively low concentration of dissolved solids. The shallow ground
water is probably of the same type but has a higher concentration of
dissolved solids. The water in the deeper consolidated rocks may
vary as to type and probably has a greater concentration of dissolved
solids.

The water of the Missouri River and its tributaries is used for the
irrigation of about 295,000 acres in this area. Reservoirs on tributary
streams have an aggregate capacity of 190,000 acre-feet to provide
storage for irrigation. Canyon Ferry Reserveir on the Missouri
River near Helena, with a usable capacity of 2,043,000 acre-feet,
provides water storage for onsite and downstream hydroelectric
power generation, irrigation, municipal supply, and recreation.
Additional storage of 144,000 acre-feet of water for hydroelectric
power is available in Hauser and Holter Lakes on the Missouri River
near Helena. Nearly half the power head of the Missouri River is
utilized in plants that have an installed capacity of 105,000 kilowatts.
Surface water of good quality is the principal source of water for the
larger municipalities, and ground water is generally used for the
smaller community and individual supplies. Surface water generally
~ supplies industrial users. The area has many opportunities for
water-based recreation of all types and lands bordering the artificial
water bodies are becoming Increasingly popular as summer and
permanent homesites.

Missouri River, Great Falls to Fort Peck Dam.—The Missouri
River drainage from Great Falls to Fort Peck Dam extends from the
Continental Divide in northwest Montana through the high plains
and isolated mountain ranges to the plains of eastern Montana.
There are 380 miles in this reach, and the drainage area increases
from 22,900 to 57,500 square miles. Falls and rapids in the upper 50
miles account for about 700 feet of fall in the river. The natural
gradient for the remaining 330 miles ranges from about 3 feet to 1
foot per mile with an average of 1.7 feet per mile. The principal
tributaries are the Marias and Teton Rivers from the west and north,
the Judith River, Musselshell River, and Dry Creek from the south.
The tributary streams from the north are short. The runoff from the
mountain areas reaches its peak in the May—June period as the winter
accumulation of snow is melted. The plains area generally has a
brief snowmelt period in March or early April and the subsequent



MINERAL AND WATER RESOURCES OF MONTANA 157

runoff is the result of rains of high intensity or above-average duration.
‘The blending of the two distinct runoff types is modified by regulation
and irrigation use. The runoff from this area is highly variable and
may average about 0.7 inch annually, after adjustment for consump-
‘tive use. Some information regarding the streamflow is given below.

Extremes of
Average discharge
Drainage| Years [discharge (cubic feet Trrigated
Stream area of (eubie per second) land
(square | record | feet per served
miles} second) (acres)
Maxi- Mini-
mum mum
. Missouri Riverat Fort Benton..... S 24,749 71 7,539 | 140,000 1627.0 730,000
- T'wo Medicine Creek near Brownin, 317 27 389 7,950 4.4 10, 000
" Marias River near Shelby.. 3,242 53 948 40,000 10.0 65, 000
Teton River near Dutton 1,308 7 143 1,310 16.0 44,000
Judith River near Utiea. . weeoom o 328 42 50 1,120 0 Minor
Missouri River near Zortman. ... 40,763 27 8,404 | 137,000 i 1,120.0 850, 000
Maugselshell River at Harlowton. ... 1,125 51 157 4, 530 0 37,000
Musselshell' River at:Mosby - .oo......___. 7,846 29 214 18,000 0 103, 000
Dry Creek near Van Norman ... 2, 554 20 58 24, 600 0 Minor
Missouri River below Fort Peck Dam.._... 57, 556 18 29,252 51, 000 ] 950, 000

1 Regulated mean daily. : :
2 Since operational level of Fort Peck Reservoir was reached.

The quality of the surface water in this part of the drainage area is
cenerally good ; the water is a calcium bicarbonate type with somewhat
_ higher concentrations of dissolved solids. Exceptions are.the Teton

“River downstream from Choteau, the Musselshell River downstream
from Ryegate, and the Missour1 River downstream from Virgelle.
" The water downstream {rom these points is a sodium sulfate type with
relatively high concentrations of dissolved solids: Sediment concen-
. trations are generally low throughout the basin except in the lower
_teaches of the Musselshell where the stream traverses the Bearpaw
shale-which is easily eroded and carried in suspension. Return flow
from-irrigation has an appreciable bearing on the quality of water ip
parts of the area. ‘ o B
The-geology and the occurrence of ground water in this large area
. are complex. Most of the area north of the Missouri River has been
glaciated, and glacial drift mantles much of the surface. Outwash
gravels and buried gravel-filled valleys may be present locally and
are sources of small ground water supplies. The availability of ground
water supplies within this vast area can best be described for smaller
tributary basins.

The geology of much of the Teton and Marias River drainages is
similar, and in much of the area ground water supplies are difficult to
obtain. Alluvium and terrace deposits adjacent to these streams
and high terrace gravels near the mountains may yield small to
moderate supplies of ground water. In the western part of the area
the sandstones of the Two Medicine formation and the Virgelle
sandstone are believed to be reliable sources of small ground water
supplies. In the central part of the drainage area, ground water
supplies are difficult to obtain except with deep wells, and the quality
of the water is not known. North of the Teton River the Virgelle
sandstone, Claggett formation, and Judith River formation underlie
the area, and sandstones in these formations are generally reliable
sources of small ground water supplies.
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The Judith River and its tributaries drain a large topographic and
structural basin, the Judith Basin, that is surrounded by isolated
mountains. Much of the upland area of the Judith Basin is mantled
by high terrace gravels that yield ground water supplies adequate for
stock and domestic use. The alluvium of the Judith River and its
principal tributary, the Ross Fork, also yields small to moderately
large water supplies to wells. The consolidated rocks underlying the
Judith Basin are important sources of ground water. Most of the
consolidated rocks are exposed on the flanks of the surrounding moun-
tains and are thus favorably situated to receive recharge. The
Kootenai formation (“Cat Creek sand’’), Swift formation, Amsden
formation, Kibbey formation, and Madison limestone are all sources
of ground water, and most are used to some extent. These formations
are deeply buried in most of the basin, but the contained water is
under sufficient artesian pressure to cause many wells to flow at the
land surface. Small to moderately large ground water supplies can be
obtained from the consolidated rocks, and the Madison limestone,
although not used at present, is believed to be a potential source of
large water supplies. A number of large springs issue near the base
of the mountains forming the east side of Judith Basin and are impor-
tant locally as sources of water. :

The Musselshell River and its tributaries drain a large area in
central Montana, and ground water supplies are available from a
number of sources. The alluvium and terrace deposits adjacent to
the river yield from 250 to 1,000 gallons per minute to favorably
located wells. In the headwaters region high terrace gravels cover an.
extensive area and, where adequately thick, yield small water supplies.
The consolidated rocks are an important source of water, and ground
water can be obtained from several formations. Where present, the
Fort Union, Hell Creek, Fox Hills, Judith River, Claggett, and EKagle
formations are water bearing and yield small to moderately large
water supplies adequate for domestic and stock use. The Madison
limestone, deeply buried in most of the basin, is a potential but unex-
plored source of large water supplies.

The water of tributaries in this reach is used for the irrigation of
about 220,000 acres. The water from ephemeral streams is used
extensively for flood irrigation and the quantity used is dependent
on the availability of flow. The water storage capacity available for
irrigation is about 250,000 acre-feet exclusive of the 1,313,000 acre-
feet in Tiber Reservoir on the Marias River. At present, that reser-
voir is used for flood control and recreation as the planned irrigation
use has not developed. The five hydroelectric powerplants on the
Missouri River in the upper reach have an installed capacity of
193,000 kilowatts. The powerplants are dependent on upstream
water storage. Fort Peck Reservoir, with a normally usable water
supply of about 14 million acre-feet, provides storage for flood comtrol
and the generation of hydroelectric power. The installed capacity
of the plant is 165,000 kilowatts. The recreational use of water in
the various reservoirs is enjoyed by the local population. The
mountain tributaries offer trout fishing.

Missouri River, Fort Peck Dam to State line—Half of the Missouri
River drainage area of 44,500 square miles between Fort Peck Dam
and the border of North Dakota is in the Milk River drainage. A
similarity of its many water-resource characteristics and those of the
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strip that extends along most of Montana’s northern border allows a
joint discussion of the two areas. In preglacial times the Missouri
River occupied the present valley of the Milk River from near Havre
to the mouth of the Milk. From this point the Missouri flows in its
preglacial valley to the vicinity of Poplar, where it once flowed
northeastward toward Hudson Bay. Thick beds of unconsolidated
alluvium were deposited in the preglacial valleys. The Miik River
heads in Glacier National Park and passes through a part of southern
Canada before returning to the United States northwest of Havre.
The principal northern tributaries of the Milk and Missouri
Rivers head in Canada. A plains-type pattern of tributary runoff
similar to that of the Poplar River prevails except for the few square
miles in Glacier National Park. The melt of snow on the plains in
early spring produces a high runofl rate. Precipitation from April
‘to September is about 75 percent of the annual total, but little runoft
results except from rains of high intensity or long duration that
usually occur in June. The natural runoff of the Milk River drainage
and the remainder of the area is approximately 0.5 inch as an annual
average. The discharge data at a few representative points is given
‘below.

Extremes of
Average discharge
Drainage| Years [discharge (cubic feet Trrigated
Stream area of (cubic per second) land
(square | record | feet per served
miles) second) (acres)
Maxi- Mini-
mum mun
Milk River at Milk River, Alberta_. ... 1,036 45 310.0 8,730 0 Minor
Milk Riverat Nashua.._...._.. 22,332 22 695.0 45, 300 0.6 140, 000
Missouri River near Wolf Point 82,290 118 | 10,010.0 46, 800 2680.0 | 1,000,000
Redwater Creek at Circle._._ 547 26 16.6 6, 730 0 Minor
Poplar River near Poplar 3,174 30 145.0 37,400 0 8, 000

1 Period 1943-61 after Fort Peck Reservoir on Missouri River was fully operational,
2 Minimum daily.

The surface water originating in the area has relatively high con-
centrations of dissolved solids and is a sodium bicarbonate type.
The sediment yield of the tributary streams is high as the shales and
sandstones of the area are easily eroded.

Wells tapping the alluvium in the preglacial valley of the Missouri
River yield over 1,000 gallons per minute at many locations. High
terrace gravels are present in northeastern Blaine County and wells
yielding 1,000 gallons per minute can be constructed locally. How-
‘ever, the low recharge rate will limit the number of such wells.
Downstream from the Poplar River the alluvial fill in the Missouri
Valley is thinner and wells yielding from 250 to 1,000 gallons per
minute can be constructed. Water from the alluvium in this area
is highly mineralized, but is usable for some purposes. In much of
the ares remote from valleys, small ground water supplies adequate
for domestic and stock-water use can be constructed in consolidated
rocks. These rocks include the Judith River, Fort Union, and Hell
.Creek formations. Other water-bearing rocks are present at depth,
but the water is thought to be brackish. _

Only a small part of the irrigated land is supplied with water from
‘the Missouri River. Most of the 160,000 acres of irrigated land lies
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near the Milk River and along its major tributaries in the United.
States and Canada. The transbasin diversion of water from the St.
Mary River to the Milk River is about 150,000 acre-feet annually.
The water of the Milk River and the tributary areas in Canada is.
subject to apportionment determined by an international treaty.
The irrigation-water storage capacity is about 205,000 acre-feet in
the Milk River drainage in the United States and about 110,000:
acre-feet in Canada. The utilization of ground water for irrigation
has shown a considerable increase in recent vears. Lake Bowdoin
and Medicine Lake refuges play an important part in the propaga-
tion and preservation of waterfowl.

Yellowstone Riwver and tributaries.——The Yellowstone River heads in
the high mountains in Wvoming southeast of Yellowstone National
Park and the principal tributaries have a high proportion of mountain
drainage. 'The highest point in the State, Granite Peak of the Absa-
roka Range, lies in this drainage. The tributaries from the north are
few and are generally short. "There are about 12,000 square miles in.
this drainage, of which 9,000 are in Montana and 3,000 in Wyoming..
The unit runoff from the Absaroka Range is high but tends to decrease
progressively downstream. The main stream and the principal tribu-
taries have flow patterns typical of high mountain areas where the
melt of winter snow provides most of the runoff. The runoff from the
area is somewhat greater than that of any other similar-sized part of
the Missouri River Basin in Montana, and is highly dependable.
After adjustment for irrigation use, the runoff from the entire area is
about 8 inches. The use of water for irrigation greatly modifies the
natural flow pattern of the tributary Shields River, Sweetgrass and.
Pryor Creeks. Some data for representative sites are given below.

Extremes of
Average discharge
Drainage Years |discharge {cubic feet Trrigated:
Stream area of {cubic ner second) land
(square | record | feet per served
miles) second) ] (acres)
Maxi- Mini-
mum mum
Yellowstone River at Corwin Springs.._.__. 2,623 55 3,014 32, 000 380.0 1, 000+
Yellowstone River at Livingston. . 3,561 36 3, 556 30, 600 1 590.0 24,000
Shields River at Clyde Park_____ 543 32 152 4, 500 1.8 19, 500+
Stillwater River near Absarokee..__. e 975 26 903 10, 600 58.0 24, 000
Clarks Fork Yellowstone River at Edgar___ 2,032 40 1,080 10, 900 36.0 41, 500
Yellowstone River at Billings_.__ ... _...._ 11,795 33 6, 409 64, 800 430.0 350, 000+

1 Minimum daily.

Water in this part of the area is generally a calcium bicarbonate
type with a relatively low concentration of dissolved solids and is
suitable for most uses. Sediment concentrations also are low during
most of the time.

Moderate to large ground water supplies are available from the
alluvium and terrace deposits adjacent to the river. Wells yielding
from 250 to 1,000 gallons per minute can be constructed at many
locations in the valley, the most favorable sites being close to the
river where the underlying gravels can be readily recharged. In parts
of the area bordering the Yellowstone Valley, adequate ground water
supplies are difficult to obtain. In areas remote from the valley, a
number of consolidated rock formations yield water supplies adequate
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for stock and domestic needs and locally large supplies ave available.
North of the Yellowstone Valley, the Judith River, locally the Clag-
gett, and the Eagle formations are sources of water supply. South
of the Yellowstone Valley ground water supplies are difficult to obtain
in much of the area, but adjacent to the Pryor Mountains large ground
water supplies can be obtained locally. The Chugwater formation,
Tensleep sandstone, and Madison limestone are sources of large water
supplies, and wells yielding artesian flows of several thousand gallons
per minute can be constructed. Ground water obtained from the
formations listed as sources of supply generally is much less suitable
in quality for most uses than that of surface water supplies.

The principal use of the water in this part of Montans is for the
irrigation of about 350,000 acres along the main stream and tribu-
taries. Assuming an average consumptive use of 1.5 feet per acre, the
depletion would be 530,000 acre-feet or about 11 percent of the
available supply. The natural flow is supplemented by about 50,000
acre-feet of Irrigation water storage which has only a minor effect on
stream regimen. The high head Mystic Lake development on Hast
Rosebud Cireek has a power generating capacity of 10,000 kilowatts.
Most of the population is served by municipal water supplies obtained
from surface sources. The Yellowstone River compact applies to the
apportionment of part of the water of Clarks Fork of Yellowstone
River. The water of the area has a high recreational value for fishing,
and hot springs in some areas have been developed as resorts.

The Bighorn River enters the Yellowstone River about 55 miles
northeast of Billings to increase the drainage area from about 13,600
to 36,500 square miles. About 19,000 square miles of the Bighorn
Basin lic in Wyoming where the drainage is chiefly mountainous, and
the natural flow of the Bighorn River is greatly modified by extensive
irrieation and storage for hydroelectric power generation. The area
of nearly 4,000 square miles in Montana includes a small part of the
Bighorn Mountains and extends through the foothills and high plains
area. The valleys of the Bighorn and Little Bighorn Rivers in the
State ave large. The natural runoff in Montana is typical of a com-
bination of mountain and plains runoff. The data given below are
indicative of the runoff characteristics.

Extremes of
Averaze discharee
Drainage| Years |discharge (cubic feet Irrigated
Stream area of (cubic per second) lan
(square | record | feet per : served
miles) second) (acres)
Maxi- Mini-
mum mum
Bighorn River near St. Xavier, Mont. 19, 626 27 3,426 37,400 228.0 375, 000
Little Bighorn River near Hardin .. 1,204 8 181 3,000 .2 17,000
Bighorn River at Bighorn......_... 22, 885 16 3, 558 26, 200 1540.0 465, 000

: Minimum daily.

The quality of the surface water is affected by extensive irrigation
in Wyoming. The water entering Montana is a sodium sulfate type
with a relatively high dissolved solids content. There is slight dilu-
tion by tributary inflow in Montana. The sediment Joad of the Big-
horn River as it enters the State is generally high.



162 MINERAL AND WATER RESOURCES OF MONTANA

Large ground water supplies are not generally available in this
drainage. Supplies adequate for domestic and stock use can be ob-
tained from the alluvium and locally from the high terrace gravels
adjacent to the Bighorn and Little Bighorn Rivers. East of the Little
Bighorn River small supplies of fair quality may be available where
the Fort Union and Hell Creek formations are present.

The irrigation of about 3,000 acres of land in Montana is the princi-
pal use of the water. Storage of 23,000 acre-feet in the Lodgegrass
Creek area supplies irrigation water for Indian lands in the Little Big-
horn River Valley.  Water for livestock is an important economie use.
Yellowtail Dam currently (1963) is under construction on the Bighorn
River where it leaves the mountains. The capacity of the reservoir
will be 1,375,000 acre-feet; a large part of the storage area will be in
Wyoming. A hydroelectric powerplant with a capacity ot 200,000
kilowatts is planned with provisions for irrigation, flood control, and
sediment storage.

The Yellowstone River drainage from the mouth of the Bighorn
River to the State line includes most of the southeastern part of the
State. The drainage area increases from about 36,500 to 69,000
square miles, one-third of the increase in area is in Wyoming., The
drainage area is principally one of high plains. The main stream ocecu-
pies a rather narrow central valley that occasionally widens to form
broad lowlands. Snowmelt in the tributary drainage in March or
early April results in runoff and the subsequent runoff peaks are
caused by above average precipitation. Some of the tributaries head
in the Bighorn Mountains of Wyoming and may show a peak from
the May-June snowmelt. The high variability of streamflow from
the tributaries affects the uniformity of flow of the main stream. The
runoff equivalent of the area ranges from less than 0.5 inch to 1.5
inches after adjustment for consumptive use. Discharge data at a
few vepresentative points are given below.

Extremes of
Average discharge
Drainage| Years |discharge (cubic feet Trrigated
Stream area of (cubic per second) land
(square | record | feet per served
miles) second) (acres)
Maxi- Mini-
mum mum
Tongue River at Miles City 5,739 18 341 12, 000 0 90, 000
Yellowstone River at Miles City 48,253 34 10,710 96, 300 996 | 1,100,000
Powder River near Locate...___ - 13,189 23 7 31,000 0 52, 000
Yellowstone River near Sidney..cocccoeeu- 68, 812 49 12,740 | 159,000 470 | 1,250,000

The water of the Yellowstone River and its tributaries is a sodium
sulfate type with a relatively high dissolved-solids concentration.
The sediment load of the Yellowstone River and its tributaries is
relatively high.

Along the Yellowstone Valley and tributary valleys of the Tongue
and Powder Rivers, ground water supplies of from 250 to 1,000
gallons per minute can be developed locally from the alluvium and
terrace deposits adjacent to the streams. In areas remote from the
streams, several consolidated formations yield adequate water for
stock and domestic, municipal, and some industrial uses. The
Fort Union, Hell Creek, and Fox Hills formations are the principal
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sources of water. At low elevations in the Yellowstone, Tongue,
and Powder River Valleys, flowing artesian wells can be drilled in
these formations. Along the crest of the Cedar Creek anticline in
Fallon, Wibaux, and Dawson Counties, impermeable rocks are at the
surface and ground water supplies are difficult to obtain.

There are about 180,000 acres of irrigated land in this reach, the
oreater part of which is along the Yellowstone River Valley. Flood
frrigation is common along the smaller tributaries. The water of the
Tongue and Powder Rivers is subject to allocation under the terms
of the Yellowstone River compact. The surface and ground water
used for livestock has a high economic value, and availability is often
a limitation on range use. Municipal supplies are obtained from both
surface and ground water. Water from the Yellowstone River is used
in steam-electric powerplants with a combined capacity of about
55,0600 kilowatts.

LITTLE MISSOURI RIVER BASIN

An area of about 3,500 square miles in the southeast part of the
State is in the Little Missouri River Basin. The River crosses the
flank of the Black Hills uplift but the area is one of low relief. The
soils are dominantly clays with low infiltration capacity, and im-
permeable rocks underlie most of the area. Precipitation from April
to September constitutes about 75 percent of the annual total and,
when sufficient, results in a good native grass cover. The runoft
varies widely from year to year and averages about 1.5 inches. A
March or April runoff peak is typical of the streamflow pattern.
Summer rains may cause runoff peaks between extended periods of
low flow. The storage of tributary flow for stock water and flood
irrigation of hay meadows modifies streamflow patterns. A few repre-
sentative runoff records are given below.

Extremes of
Average discharge
Drainage| Years |discharge (cubic feet Trrigated
Stream area of (cubie per second) Jand
(square | record | feet per served
miles) second) (acres)
Maxi- Mini-
mimm mum
Little Missouri River near Alzada, Mont. .. 904 41 79.8 16,000 0 Minor
Little Beaver Creek near Marmarth, N.
Dak.. . .. e 615 23 39.7 12,700 0 Minor
Beaver Creek at Wibaux, Mont_ _.eeeoun- 351 23 24.2 23,78 0 150

t Maximum daily.
2 Peak of 30,000 cubic feet per second determined for flood of June 7, 1929,

_ The supply of ground water is believed to be very limited in quantity
because of the impermeable character of the soils and underlying rocks.
The alluvium and terrace deposits of the principal streams may yield
supplies adequate for domestic and stock use.

The quality of known surface and ground water supplies is generally
poor. - The streams of the basin traverse easily eroded shales and
sandstones and as a result carry high concentrations of sediment.

The principal economic uses of the water supply are for stock and
the occasional irrigation of hay or grasslands, as variable supplies
permit. Ground water is the principal source for small municipal and
domestic supplies.
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SASKATCHEWAN RIVER BASIN

A small part of Montana east of the Continental Divide drains
northward into the Saskatchewan River and thence to Hudson Bay.
Most of this area of about 650 square miles is in Glacier National Park.
The precipitation in the mountainous part is the highest in the State.
A number of small glaciers in the area and the extremely heavy snow-
pack result in a prolonged high runoft period that extends well into
July. The annual runoff of the three principal streams ranges from
about 37 to 26 inches. The annual runoff of Grinnell Creek, ag shown
below, is equivalent to 97 inches of water. The lowest runoff is for the
St. Mary River, which has a large part of its drainage in the foothills.
The runoff data for a few streams are given below:

Extremes of
Average discharge
Drainage; Years {discharge (cubic feet Irrigated
Stream area of (cubic per second} land
(square | record | feet per served
miles) second} {acres)
Maxi- Mini-
mum mum
Belly River at international boundary.._.__ 74.8 10 262.0 2,450 112.0 None
Grinnell Creek near Many Glacier._._______ 3.47 12 24.9 242 .2 None
St. Mary River at international boundary._| 469.0 44 705.0 | 240,000 116 [O)]

I Minimum daily.
2 June 1908, prior to period of record.
8 Diversion to Milk River Basin equivalent to about 200 cubice feet per second.

Because of abundant surface water supplies, ground water use is
small. The prominent gravel terraces flanking the mountains might
be expected to yield abundant water supplies of good quality. The
surface water is a calcium bicarbonate type with a low conecentration
of dissolved solids. Sediment concentrations are also low.

The recreational use of the waters is high, as might be expected in
a national park. The preservation of natural features in the park
and the international boundary limit the extent of water use for other
than recreational purposes. Sherburne Reservoir on Swiftcurrent
Creek was created prior to the establishment of Glacier Park and has a
storage capacity of 66,200 acre-feet of water for irrigation. The
transbasin St. Mary Canal seasonally diverts an average of 150,000
acre-feet of water to the Milk River Basin. The water of the St.
Mary River is apportioned between the United States and Canada in
accordance with a treaty.
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