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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. Production ggures 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 staff 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
bureau 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.
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Figure 1.—Dollar value of Montana mineral production.

THE MINERAL INDUSTRY IN MONTANA
(By A. L. Weissenborn, U.S. Geological Survey, Spokane, Wash.)

Montana is known as the Treasure State because of the richness
and varicty of its mineral resources, and the State’s economy from its
beginning has been closcly tied to its mineral wealth. Tt was the dis-
covery of gold that in the 1860’s brought the first permanent settlers
{o 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
noeded. The value of the annual output of the minerals and metals
that Montana has produced is shown graphically in figure 1 on op-

osite 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 1,
although its dollar value is considerably greater. Nevertheless, the
graph serves as a guide to the development ol 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
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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 ])otml(-unf and natural
gas.  An additional 4,500 persons were employed in plants processing
primary metals and in petroleum refineries,” Total employment in
1961 direcetly 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 hall 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, zine, 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 comodities.
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 decrease 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 Montana’s mineral products has shown a healthy upward trend
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in the past few years (fig. 1), ore reserves at Butfe are said to ‘)Y- at
an alltime high, and there appears to be some 111(]1<‘;111\>11‘()f increasing
activity in mineral exploration within the State. ( ()nscqt'l('n't‘])';
the immediate future can be viewed with at least moderate optimism.
In the longer range view, prospects scem brichter. With m(-r(':lsm%
populations and improved standards of living, both at l\():l11<~]_1{1|‘1]<'
abroad, the metals and minerals that Montana can produce are hkely
to be urgently needed.

GEOLOGY

(By U. M. Sahinen, Montana Bureau of Mines and Geology, and C. 1. Iirdmann,
A. E. Weissenborn, and P. L. Weis, U.S. Geologieal Survey)

INTRODUCTION

Montana is separable physiographically into three distinet, roughly
parallel, northwestward-trending regions. JXach comprises about
one-third of the State, and the distinctive 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).

ToOPOGRAPHY

The western third of Montana forms the eastern part of the
Northern Rocky Mountains (Fenneman, 1931, pl. 1, 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 rocks 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 eranitoid 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-
glomerate 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 bloek faulting; others
by the intrusion of igneous stocks or laccolithic masses; still others
are the remnants of voleanic piles. Some are simply broad welts
without much topographic relief, but all are separated by gently
inclined beds.

1 Nork.—Iigure indicated appears as a folded map at the rear of this document.
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i e i 701 i d, except
he eastern third of the State is devoid of mountains and, exce]
alc;E"CthG west flank of the Cedar Creelk anticline sout_h of Glen;h\ lf,
the strata arve nearly flat-lying (fig. 5). The surface features Od : Pl
middle and eastern parts of Montana have been described in detal
by Alden (1 632).
STRATIGRAPIIY

PRECAMBRIAN ROCKS

The Precambrian rocks of Montana may .bc di\_*ided into t“io uxln.t?Z
an older pre-Belt unit of metamorphic and intrusive rocks and a thick
overlymng unit of sedimentary rocks known as the Belt series.

t=J

PRE-BELT METAMORPHIC AND INTRUSIVE ROCKS

The rocks of this unit are exceedingly old and constitute thfz 80~
called basement complex. Their principal areas of exposure 13
Montana are in the southern part of the State between Dﬂ}on an
Tivingston and between Livingston an}gl 1Re{l{Lodge.. Other (]:.\Il\){)eigll 32

a ; P 1 it JUY tains around h

Sller extent occur in the Little Belt Mount:

?151(’5’1111)111 t?)re core of the Little Rocky Mountains south of Harlem. ,ltAs
shown by scattered drill holes, this ancient terrane also underlies

of the Plains area at depth. - r
muS(ial:Yelill oroups of these highly metamorphosed rocks are kn(im 1n,
the best e:?posed being the Pony and Cherry Creck groups and t 1}0
Stillwater complex. The first two consist of marine scdlm?nt§ which
were complexly folded, metumorphosull, fsmd i?tl‘LSICd bt}'ox(\hﬂ()?‘?incé

oot q oranitic igneous rocks betore LBO epositi .
ey spl e ¥ ino Belt series (Tansley, et al., 1933;
imentary rocks of the overlying Belt series (lansiey, 85 € - ;
%gilnrich u?ld Rabbitt, 1960; Reid, 11957). Tllle Sil(}l{ll\\fi?lt(i;qﬁ(—)lnslzli(leﬁ

-abasic igncous rocks is exposed over & wide a ark,
Svfa%gl lsmd Sweet Grass Counties. Rildlo?c.]tlg*goag(i*] 1¥neasu11§n‘%e;;8
thr 1 indi million ar

; re-Beltian rocks indicated ages ol 1, : ;
?élilﬁgl?eyle)ars for these rocks (Flayden and Wehrenberg, 1959, pp.
—79 . . . 1 '- -
17}]\?110h>of northwest Montana 1s19ccup1ed by roc}\cseogft;i&]}%g\%-\iii zzi,
5. 1959: Ross, in press), a Sc¢ imentary sequence 9 : BB
1(1];1‘3‘?;’(3 01~icri’n 35,0,00 to 50,0’00 feet thick, ;clh_at. retsts with %ﬁ?ﬁtb‘inﬁggs

rmi ¥ : s o rocks below, and is in turn over y
formity on the crystalline rocks below, e I oo Ak

1 i < e in a broad, slowly
Middle Cambrian age. Deposition took place ] ]
(s)ifn{'inv structural t,rough whose enst-cirn ma;'glrle in A\S{O(i\%m% I%\l:;g?i(j\(;
ohl the Big Snowy ! g
v southeast from Glacier Park to g ‘
§guﬁ?e}cel1t1'zll part of the State, and from there southwesttthxdough
Three Forks, Whitehall, the High}lzmd I;*Ioun‘i,iuns,1 agi ft)rl?]snﬁﬁ -
i b -phi ¢ erec g sedi-
Regional low-grade metamorphisin m,sl& t : i e
silty shale, ¢ .arbonates—to quartzite,
mentary rocks——sandstone, silty shale, and (‘11. o il
illite i They ar rided stratigraphically
llite, and impure dolomite. They are dividet Srapaieal §
?r];%(; 11"0111' units \\Phich are, from oldest to'youngest. the %10 Ri}\g::]él
rocks, the Ravalli the Piegan, and the Missoula groups (7 ‘oss,‘ :;t,
175 Sills dikes. and lava flows of Precambrian ;\‘.ge.me pl‘esc‘n,
{)dcamll\: On the basis of radioactivity mensurem,(mts of tw O':GPO(illi]‘l‘illS
of pit‘('l'x-blvndo from the Sunshine ,\Tm}c, C‘lo{eur %'Almm1()112?1§tfon(tdul\%
v » 53 : & . P P l U]'Oll h\ ; ,
‘hich is in strata correlative with the Ravalil o auean
}‘Qckehn:um 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).

PALEOZOIC 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 years, have been deposited extensively over Montana
(Sloss, 1950, pp. 423-451). Today, except for small isolated 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-
raphic nomenclature of the various series, groups, and formations
% oiven 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).7 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 bocause 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 n orthern 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 NoreE.—Figure indlcated appears as a folded map at the rear of this document.
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Shale is the most abundant Mesozoic rock of marine ovigin, with
sandstone next. Marine limestone is conspicuous in the Jurassic
system. The torrostrial strata are chiefly mudstone, siltstone, and
snndstone, with minor fresh-water limestone.

The Mesozoic era culminated n a period of major mountain
building, accompanied by voleanism, that persisted into the carly part
of the Tertiary period, the entire interval constituting the rather ill-
defined Laramide Revolution. A thick sequence of tufls and andesitic
flows interbedded with continental sediments was laid down in the
Boulder batholith area, in the Livingston avea, and elsewhere. The
eranitic intrusives such as the Idaho batholith in Tdaho and western
Tavalli 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.

CENO0z0IC 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 Cretaccous-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 Kastern
Plains region of Montana and into deep structural basins and valleys
within the mountains in the western part of the State. The original
ageregate thickness of this continental detritus is difficult to estimate
because of more or less continuous orosion 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 feot 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.
6) for thus far no indigenous oil or gas has been found in rocks of that
age in 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 eocene age con-
sists of soft, variegated mudstone with minor beds of stream con-
clomerate, but has been almost completely stripped ofl by erosion.
Tts former extent, however, 1s indicated by remmnants preserved in
small down-faulted blocks in the vieinity 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,
occurring only as small, thin outliers on the highest major stream
divides, or as caps on isolated buttes. On the other hand, mn western
Montana thick sections of Oligocene and Miocene rocks, commonly
reforred to as “lakebeds,” are well preserved in the fill of the inter-
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montane valleys. Eacl is more or less a distinet unit, depending upon
local environment. The valley sediments of western \10[;1#1]11‘1

therefore, are highly variable sequences that involve mudstone ‘:il(ti
stone, r.m(.l claystone, much of which may be tuffaccous \fk-'l ‘also (‘~m =
tn'ln_thm interbeds of bentonite or erystal tuff, and more f'm'(-]‘;; ]f:\/'m]'-
of diatomaceous carth.  Other rock types prevalent are units of h&-‘ili
bituminous shale, thin seams of impure coal, thick accumulations of
stream  conglomerate, and fine- to coarse-textured fz)n”‘]('):n(':‘.')ll(‘

Rocks of Palcocene age scem to be absent, and beds of prm—:d 'l*lm-;kn("
?jgc are uncominon. The youngest Tertiary formation on the
Eastern Plains s the Flaxville formation, -which probably is of
Miocene or Pliocence age, but which may range {rom late Miocene into
carliest Pleistocene. Most of the deposits are remnants of thin sheets
of quartzite stream eravel 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 formatior

consists largely of local material from the u’p]ift. 7 e

QUATERNARY SYSTEM

Pleistocene series.—At least twi ing istocene
which is considered to have hndt“ 1(:‘10 '(-h‘l'lmb LR e epoch,
! 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 Lllxo.ots’
Karlier ice sheets may also have extended into extreme norihé*mterﬁ
Montana. Western Montana likewise has undergone oxt‘onsi\"(c* ola-
ciation both from continentai and from Alpin(? glnciérsl Gi‘lb(‘i“ll
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 Tames
and eskers formed by melt water at ice contacts, to fluvioglacial
outwash aprons and glacial lakebed clay and silt. The spocti(:ulz‘u'
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

s e e o L g
I of _ S A ¢ water during Recent
geologic time. Extensive accumulations make the flood pl:l?ns 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 stmtiwraph\:‘

In eastern Montana structures, like t()pdg‘mpln" arc subdued
Layered rocks in the plains arca are flat-lving or dip sently as a result
of broad, gentle flexures that form Sinlll)](‘kSll'll('tll;(‘S of laree size.
Major features, such as the Williston Basin and the Cedar Creek
anticline (fic. 5) have a total structural reliel of only a fow lun;drod
feet, yet extend for many tens of miles across the countryside. Many
such structures are so broad and gentle that they can only be rvcog)—
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nized by careful geologic mapping over large areas. 11«“aulllts (il.‘relge\(\;f,
and most are of relatively minor displacement. 1o n‘n‘ldle_:1 2
millions of years, no violent structural deformations occurred 1
/ lains. ) o
1\1—8:;]&&211—;\{0111&&1‘1& has structures that are closely correlative WI‘Lh 11t:‘
topography. The area is predominantly one of geml_vv dlp%)“t)}gf?c('\l's’,
which underlie the plains. In a number of places, how 0\.011 3 ]ui 1217;
are domed steeply over isolated mountain ranges of (:oniw erab (13_(;(1 o
Topographic and structural relief in these ranges are both 1110:18111{ ek
thousands of feet. Some of the ranges, as the Big Sn‘o\wy1 tillltgdi
formed by vertical uplift alone, and are surrounded by stficp‘y 1 s
but otherwise comparatively undeformed rocks. Elsew 11.01(31, \ (ilsthe
the Bearpaw and Pryor Mountains, faulting has con;p ll)(‘:m(cr L
structural picture. Some of the ranges were domec by loims o
activity: the Little Rocky and Crazy Mountains are ex?mplﬁ o
mountains with laccolithic cores. In those, a vsmclty‘i) 1_co {)io;l
structures exist, in response to both overall folding an‘d ocal ¢ 1sni£r,0 i
of the preexisting rocks by the intrusives. Faults sue1 nﬁ{c[ne tnmslx o
and of greater displacement 1n the plains of central Mon 'z;.n A
they are farther ensh; they, like the folds, represent a transitio
't h the east and west. )
be}ﬁﬁ?bisburbed Belt mu.rkshphcie efa,s&?rns éadtgeo O'fl‘ ﬁgebgﬁmi{)slgﬁ imsnc;
intenselv deformed western third ol the sState. :
]clz)txfll}])licﬁted system })f thrust tiiaults, Flln 61‘3‘1%2(1356 \qutlcl) nc%?:é)cirler‘l‘(’listt(l)lv %?t—
plates piled on top of one another. s S, i ol
‘ ast edee of Glacier National Park, 1t 1s a sing
ggzgitxsit"(ﬁh:telenst 40 miles of horizontal displacement (I‘{oss, rllgt)glgﬁ
p. 102). West of the Disturbed Belt are a system ;)lf hnelm mou fe&t
ranges and large intigrvemng sltwrligtuml orl(a}afsll'glsn tb ;:)tqu ;orzg gpgn o
variety of structural features. lolds 1‘1apbl i o0 e e
steep, overturned, and to complex m'u‘tl‘p e S){' e ooy ran% :
successive periods of movement m different direc e
in size from great arches many miles across to In .1dlc gl
ieroscopic scale. Faults are equally abundant and va il
%rgl‘?ls{rsl:(;lorm ;1 faults, reverse faults, and strike-slip f:1(11113§ mie 1;111(1):;:,’
and like the folds, they show a wide range in size an llsp ac i]d o
Some of the range front faults in southwestern Monta-n}a s 101\_v el;rl omce
of comparatively recent movement, and the 1959 eart 1(}0u1a \et Hlad
ison Valley indicates CODtlIlléed structural activity in at least pa
g ugh the present.
th%?lllflgetirllrc?iv?dunl st%uctures in central and eastern l\f’I?ntémfx, S?f:ﬁ
of the structures in western Montana are sc,gments: of | bealullgeslt ista
are continental or 1stﬂ)contin(lanzal 1nlscczll)2. N orri)teolf)ﬁlt;uR (?éky OI\ jo
't of a structural system that marks th ' 0 ( -
E:ilrfs for hundreds of miles north nfxtt(l) Cansntcfl:%;aq la}llu(leilen\Zli (?(ilr:ltg}géﬁ
overthrust line cuts across parts of three States, ang B> O 0 0
rest 1 stern Washington. One segment of the line 1s repr esen
ﬁ;siﬁgt%gﬁurn Fault, wtfﬂch_ in western Montana ‘haisggo?ouzonml
displacement of at least 12 miles (Wallace and othels,t 1003 - of e
Igneous activity has had a marked effect on thels 11_ ;;llc ure 3
arex. Intrusives range in size from the Tdaho batllo ith, ox;e‘ ;e
lareest in North America, to small dikes, sills, p ug;, ar‘}“( 1einth
intrusive bodies, some only a few inches in lcnglt,d.f 1~1§1?t(;on !
structures are equally varied. They include profound defo

MINERAL AND WATER RESOURCES OF MONTANA 19

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 Palcozoic
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.

Econoyic GroLocy

The three parts into which Montana can be divided differ markedly
in the mineral resources which are found therein. These differences
are dircctly related to differences in the geology and structure of the
underlying rocks which have been discussed 1n 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 both 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 Cretaccous-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, erushed 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
basins. Oil and gas have not been found to date in this part of the
State.

In central Montana metalliferous ore deposits have been mined in
the Little Rocky Mountains, the North Moceasin 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 Cretaccous or
early Tertiary age.
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Central Montana, however, is better known {or the production of
petroleum and natural gas. Such structures as the Cat Creck anli-
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
petroleunm 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 gsandstone,
are valuable ground water aquifers—an important asset in a semiaric
region. The Kootenai formation also in places provides clay suitable
for brick and tile. Coal deposits underliec 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 1s especially widespread in the uppermost or Tongue River
member. The eastern region also produces petroleun, principally
from the west end of the highly productive Williston Basin and from
the Cedar Creek anticline. In this arca 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 Cretaccous age
in Carter County.

In summary, In western Montana jgneous, sedimentary, and
metamorphic rocks are present, and geologic structures are complex.
The region is dominantly & metalliferous province but has large
resources of many nonmetallic minerals. In central Montana, igncous
and metamorphic rocks are much less abundant. Geologic 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. Kastern Montana is a
sedimentary terrane. Geologic structures are simple and subdued.
Mineral resources are chiefly petroleum, coal, and natural gas. Non-
metallic resources arc chiefly clay, bentonite, and sand and gravel.

The above is & highly gencralized and very incomplete deseription
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 &
commodit.y—by—commodity basis is presented in the ensuing chapters.
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VETALLIC AND INDUSTRIAL MINERAL RESOURCES
INTRODUCTION

i3+ P. L. Weis, U.S. Geological Survey, Spokane, Wash.)

curly development of the mineral resources of Montana was
~t ntirely directed toward the metallic minerals. As in 80 many

~of the West, gold was the initinl goal of the early miners and

peCLors Exploitation of other metallic deposits soon followed,
gt 1 was not until a larger and more diversified population arrived

Lt other mineral resources drew attention. By the early 1900’s,
\Tontana had a significant population engaged in ranching, lumbering,
nd commerce, and the need for some of the less glamorous mineral
smmodities began to be felt. Cement, stone, sand and gravel were
o in inereasing 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.
\ ermiculite is an outstanding example; it was not until the initiative
and vision of a few people developed some of the many present-day
Lsos for vermiculite that 1t 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
Commoditics now produced in the State. Although the metallic
minerals sre as important as ever, and although Montana remains
jeading producer of them, the importance of nonmetallic minerals
continues to grow. As will be seen in the text that follows, not only
(e quantity, but the variety, of Montana mineral production 18
et

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

These clements, chiefly recovered as byproducts, are present in
{ifferent ores and in varying degrees of abundance; all except arsenic
sre 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-
overed s a byproduct from silver refining (almost all U.S. production
imes from the Sunshine mine in Idaho), and bismuth is a byproduct
rom certain lead ores, including those from Butte. The Anaconda
‘0. produces the only bismuth recovered from Montana ores. Anti-
Jony ores (stibnite) are mined in some parts of the world but, al-
houeh no economic deposits are presently known in the United States,
ote deposits in Sanders County once produced a little more than
) tons of ore.

Botl nietals are used in alloys such as type metal, babbitt metal,
Lmunition, battery lead alloys (antimony), aluminum alloys, mal-
able iron and steel, pharmaceutivnls, and laboratory chemicals

53
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The use of smelter slags as a source of iron has aroused consid (ili]]brlxi
interest in Montana. In 1959, Webb & Knapp, Inc., announced the {
an integrated steel plant utilizing natural ore and

construction of zin ‘ ¢ |
smelter slag derived from the Anaconda Co.’s 1cdu(ft{011 1\\;(})113125“9;;
Anaco i ider ras explained ) i

Anaconda, Mont., was being considered. It was exp B

o tooic-Udy process employing electric smelting tcc]m]quos‘ w
%alﬂa‘]gglli(’ecllI(tg }'educe t-hc}ra‘\v material and that the finﬂtl ])111 ;)i(]lltlic(,)ti
would consist of finished shapes. It was also stated t ml. in till‘l o
of the project would depend on obtaining investment ca.pxlfa i(():(sio et
at $40 million, and solving marketing pl‘oblems.r As o s e
State Lands & Industries, Inc., a subsidiary of Webb & I tn'&]t)ilo}n e
has applied to the Federal Area Redevelopment Admu};xs rat et
financial assistance. No decision 1s believed to have been reac
(I?I(‘Sl?e)a‘slag dump at Anaconda is reported to cqntan} 407 17{1111011:L I’E?I;sf
of material. Other slag dumps cpmparablc in size are at t 1edp ; fhe
the American Sllleltiillgc& thfémn% I«goll at East Helena and a
naconda Co. at Great Falls. _
pl{%lcfr%fr—%hveegercent seems to be a realistic estimate of the ll\If'Iont;C(())Iil'tfﬂg
in the slags, although the exact grade is not known.11 08 LA
iron evidently occurs as a synthetic silicate. Sma la,r‘n(‘myerr !
copper, lead, and zinc are present, since nonferrous metal recovery is
noitcglr:i)lz’l:rtse 1'11:e1y that Montana contains enough iron é)]r'e fto 11:1?;21%2
for at least a moderate-size iron and steel industry. '17110 0 Sd‘ e
at present are the distance from existing major ma;1 \etsi an\ Nk
limited population and consumer demand within 'tv e area ts\
Montana iron could realize an advantage mn transpor tation costs.

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

i 1 ing ite, 1 - widely used of all rocks.
Limestone, including dolomite, is the mostu\\ ide y1 O
Over 450 million tons are consumed annually 1111 7 11(._ ?1 sl 1% (;f
| i i s -oduce ousands
1t occurs in some form in every State, 1s produced I

: ] o i v
it w-cost mineral commodity to many
localities, and is sold as a lo

iff i i i ilize it eit in raw crushed form or
different industries, which utilize 1t either in raw c¢

calcined to lime. ) ‘ . .
In Montana, limestone is used for concrete ageregate, roadstone,

flux, agriculture, railroad ballast, riprap, ﬁ‘ll n;at,‘eusﬂli;1 %1511 3 s;l:%;;
refining, portland cement, and lime. 'Impmt‘“‘,'} .uS_eO. ol ey
include coal mine dusting, filtration, limestone w uglnb, miners ,
and alkali, calcium carbide, glass, and paper manu act.m"e(; e sl

In terms of total domestic production, concrete i}‘bi‘l()r‘“ Lt
roadstone consume the greatest volume of the raw pllo‘(lufqr. Tionee
ever, cement and lime, the major products mﬂnufaclt.llm(‘ E(‘nlnin ot
stone, exceed in dollar value that of all ll_mestone‘so d i)l ua; (~1-'ml s
United States in any one year. Lime Is an L_‘sscnt‘n}\111?){(“:1.‘01]
more than 7,000 uses, involving many different m(lusl‘l_ll(‘,sl ( ‘ll ;131141
1960). By flar the greatest number of uses are (rlmnnc{} 'i:-l‘l(l s
trial. In 1961 the value of cement ]?l'oducczd in t,ho] ltl}l \u*-lluu o
was $1,105,537,000 (West and Lindquist, ‘]9()_‘2, ]()25)9 ),76(1)() ‘ﬂdnd e
lime was $210,141,000 (Patterson and Schreek, 1962, p. 799),

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 impuritics (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 uselulness 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 predominunt 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 ol 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, iron oxide, or other
detritus may be mixed or interbedded with the calcarcous 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 [rom one of its early uses for making lithographs.  Travertine
is a banded variety of carbonate rock that has been deposited from
ground or surface water or from hot springs. Tts pleasantly varie-
gated coloring and ease of polishing makes the travertine generally
more valuable as building stone than for its caleium carbonate content.
Waste material from travertine quarries is marketed as chicken feed,
agricultural limestone, and for the manufacture of lime.

In Montana, limestone is found in strata of nearly every geologic
age.  However, three units of Palcozoie 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 cast (fig. 24).2

2 Nore.—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 erops out in many places in the
western part of the State. It characteristically contains more than
95 percent CaCOz. At Limespur (fig. 1, locality No. 7) where the
Jimestone was quarried for flux for the Butte smelters and for sugar
refining, the caleium 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 1s currently
produced for the manufacture of lime, the calcium carbonate content
exceeds 98 percent.
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,

.39). Hanson (1952, p. 15) states, “East of a linc connecting Ennis
and Whitchall, 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 “Eeyptain
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 Pilerim 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 (Cretaccous), 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 arve the Helena, the
Wallace or Newland, the Siyeh, and the Altyn formations. Assay
reports 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 caleium
carbonate, and 4 percent magnesium carbonate.

Also of potential value among Precambrian calcarcous 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

Good quality limestone is also found in north-
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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 Cretaccous Kootenai formation. This member is
present in southwestern Montana and ranges in " wkness from 10
to 75 feet (Perry, 1949, p. 22); it has been quarriec Jor lime burning
near Drummond (No. 3). Recent assays of a gral 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 c(%mmically 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
Moceasin 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, butit 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.S. Geological Survev, 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 carth’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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miles casterly from Big and Kingsburt Lakes. Four of the lakes,
listed below, show thick erusts and concentrations of erystals in mud
which suggest the possible existence of pernmanent erystal beds of
economic significance; however, as yet no drilling has been done to
verify this.

Name Also known as Area Location
White Iake.._.....| Teal Lake ... 900 Qeres. . Sees. 2, 3, 10, and 11, 1. 22 N, R. 10 E.
Lgst ) L] iy | (S _-| 160 acres. I i3 T 3o B 102 B
Big Lake. --| Crane Lz .| 2 square miles. nd 36, T. 22 N., R. 10 E.
Kingsburt Lake. .-.| Maliard I -| 1.8 square mile and 20, T. 22 N, R. 11 E.

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

In Sheridan County 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. Sullate 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 sullate that warrant further investi-
gations (Sahinen, 1956), but only 2 have been described in detail
(Binyon, 1952; Witkind, 1959). Binyon (1952, p. 34) indicates a
reserve of 2,824,000 tons for S.E. Brush Lake and 3,813,000 tons for
Westby B. Lake, the latter partly in Montana and partly in North
Dakota.

S. 1. 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

2

gliﬁture of salt and mud a few inches above and below the permanent
ed.

Westby 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 plentiful in the arca.

MINERAL AND WATER RESOURCES OF MONTANA 111

STONE
(By J. M. Chelini, Montana Bureau of Mines and Geology, Butte, Monl.)

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). Crushed and broken stone consists of large irregular frag-
ments of rock usually mined or quarried and crushed or ground to
smaller size (Key, 1960b, p. 804). The raw material for the stone
industry includes igneous, metamorphic, and sedimentary rocks.
The principal varicties 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; a nd
“granite,” which includes all the lighter colored, coarser grained
igneous rocks. Gneiss, a metamorphic rock, is usually grouped with
eranite. 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 miscellancous 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 must possess, in addition, resistance to stresses sel 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 otheis, 1940 and 1927).

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.

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 principal uses for crushed and broken stone are for concrete
aggregute, 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 Associntion 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 $950,560,00

(Cotter and Jensen, 1961, p. 1139).  During the same ycir I\flont,,nng

stone production was worth $1,849,000, or only about 0.2 ’percent of

the natioual total. .

Numerous varicties of rock suitable for dimension stone can be
fpund in many parts of the State, and stone has been quarried in the
State for many 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. For economie reasons, producers
move portable plants to new sites as existing markets shift.

At present, sandstone and quartzite for crushed and broken stone
are Ifcm% quarried by Victor Chemical Works in Beaverhead County
(ﬁg. 39,' locality No. 1); by Russken Mining Co. in Deer Lodee County
(No. 2); by Ideal Cement Co. in Gallatin County (No. 3)'bby 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~mllq radius of each other in Jefferson County (No. 12). Granite
is quarried near Gardiner, Park County (No. 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, Inc., quarries travertine northwest of Lewis-
town for manufacture of rubble (No. 14).

SULFUR

(By C. E. Erdmann, U.S. Geological Survey, Great Falls, Mont
. b ke A gles B y, & alls, [ . & d . .
Sahinen, Montana Burcau of Mines and Geology, Butte, Montr.l) UM

Sullur is a nonmetallic element that constitutes only 0.06 pereent
of the earth’s crust, yet is found widespread in nature, both in the
native form and in combination with other minerals. Chiel 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 (CaSO,-2H,0) and anhydrite (CaS0,).

_ ! 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. ILargest con-
sumer is the fertilizer industry, which like the chemical, petroleum,
rayon, and steel industries, uses it in the form of sulluric acid (1H,50;).
Large amounts are used by the paper industry for sulfite pulp, and
the insecticide and rubber industries are major users of clemental
sulfur. Annual consumption of sulfur in the United States in recent
years has gencrally 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. "Metallic 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. Sulluric 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
no investigation has proceeded to the stage of delineating any such
deposits.

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

Large quantities of hydrogen 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 {rom
traces to more than 16 percent in the Tensleep sandstone at Elk
Basin 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 gus

associated with the Mississippian, Silurian, and Ordovician oil on
Cedar Creck anticline in the southeastern part of the State is for the
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