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INTRODUCTION 

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

This f{·port 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 figures are given 
where I1vllilable, and the relative importance of the State as a source 
of each ('ommodity is discussed. All mineral commodities known to 
exist in Montana in signifieant 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 rehttion be
tween thl' regional geology and the distribution and character of the . 
State's resources is considet'ed briefly. 

The report has boen compiled by members of the stllff of the U.S. 
Geological Survey and the stllff of the Montnnll Bureau of Mines and 
Geology. It is based essentially on the puhlicn tiolls on the geology 
and resources of Montana, supplemented by material in tItt:' liks of t.he 
U.S. GPOlogical Survey and the Mon til nil. Bureau of Mines and Geology 
and thf' personal observations of the more than 17 individuals who have 
contributed to the various chapters of the report 

Treatml'nt of each commodity is nece sllrily brief. It is hoped, 
however, that this report will provide a ready reference to those 
interesL<'d in the mineral and water resources of Montana. Compre
hensive bibliographies are attached to each mlljor section of the report 
for thl' convenience of those who wish to investigate the original 
sources, I\nd throughout the text specific l'pferences are made to these 
sources. 

Thlmks are due to Dr. Edwin G. Koch, din'ctot' of the Montana 
Bureau of Mines and Geology, who provided for the cooperat ion of his 
stllff in the preparation of the report, and to members of the Montana 
bureau who contributed numerous chapt('rs to the report. Special 
thanks are due Mr. Uuno Sahinen. chief geoloKI"t oC the Montana 
bureau, Cor his valuable suggest ions and Ilssistance. 

W(' are also indebted to ~k G. W. Yoder, chairman of the Oil and 
Gas Commission of the State of Montana, for permission to reproduce 
figure {) nnd table 1 'of this report, bot4 of which have been taken 
from p1lblicat ions of the commission. 
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THE MINERAL INDUSTRY IN MONTANA 

(By A. E . \Veis:;cn!Jol"ll, U.S. G eological Sun·,·y, Spoka II! ! , \\' ;-,sh.) 

lVIontall ,l is known as the Treasure State beulli sc of th e ri c Jl1 ll'.~ s 

and variety of its mineral resources , Ilnd the Slatr",:; l' C"onOIl1)' fr0111 its 

b eginning has beeH clos!'!y tied to its mineral \'·('altlt. Il Wits the dis

~overy of gold that in the 1860's brought the flr :; \. jWrJllilllellt, settl <'f"s 

to what is now the State of :'vIontana, and iL \ , ' ,lS the copper miliPs of 

Butte that in the carly 1880's brought the railroads to ~rontaIlH" thus 

facilitating the settlement of the country. The population c('nte!":; 

that grew around the mines and smelters provided loc-;tl Ill;t!"kds for 

the products of the r,tnchpr -n,lld farmer who SOOIl follow('d thp miner. 

110ntann, minel"il.l production has made importallt contr ibu tions to 

both the local and the national economy, ButLe alone hay in g added 

over $2 billion of new wealLh to the Nation-olle of the \"el'\' few Illctrrl 

mining districts in the \"orld that has produced this much .. ~Iontlll1;t's 

gold production is esLinlfLted at 17 ,600,000 ounces or onr ~G 1 6 million 

at the present price of gold, much of it having beell produced in the 

years following the Civil 'Val' when gold was urgpntl)' needcd to 

strengthen the currency and to bolster the econOIIl)". Stralegic rrncl 

criticaJ metals and minerals from the State's mines have cOIlLributed 

significantly to the national security at timcs when thpsc wpre urgent ly 

needed. The vttlue of the n,nnual output of the minemls and metal s 

that ~/Iontl1nt1 has produced is shown gmphic:tlly ill figure 1 on op-

posite page. -
Although _Montana's beginnings are rooted in the mineral industries, 

as the State's population increased the :vulue of ngricu lturnl-products 

became greater than the value of its mineml products. In 1961, the 

cash receipts from fnnn marketing amount.ed to $:374.G lJlillion; the 

value of alllllinemi products during the same yenr was Sl~3.4 million 

according to the U.S. Bureau of 11ines ~Tinernls Y cltr1>ook. Although 

now second to agriculture, t.he mineral indus try nevertheless is of 

vitltl importance to t.he economy of the State. 
D espite ex\.reme fluctuations such as oeclI1TNI from 191 G to 1919, 

or in the depression years of the 1930's, the yalue of ?\font ann 's 

minern,l production has shown a fairly consis \.ent upward trend (fig. 1). 

This trend is to some degree misleading, becausp it shows the value 

of mineral products produced, not the amount, and higher priees in 

recent years for some commoditif's tend to distort the curve . For 

instn,l1ce the tons of copp rr prod need in 1961 is no gre:t1 eI' than the 

annual produet.ion in yrHrs immeclin,tely preceding- \Vorld "Tal' I, 

ulthough its dollar value is considNl1hly grcater. A'cvertltdess, t.he 

graph SCITCS as f\. guill c to the dp\'elopIIH'nt of th" millPrl11 industry 

in l\Iontann.. For oxnl11ple, it bring"s out. eb1rly the l"<Lpid growth 

since 1935 of the petroleum industry rell1(,iH to tlte ot-hpr mincrtll 

industrie~ . 
A('.conling to statistics from the Montnnf\. Statl' EmploylllPnt 

Seryice (ns ginn in the U.S. Bureau of Mines ?-.IinPrnls Ypfil·books) 

in 1961 the (.otnl employment in mining within the SLatp, including 
S) 
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product.ion of pet.roleum. and na(.ural gft!', was G,!)OO of "'hich 4,200 
persons were employed III me(.al ll1illi ll" . iOO in minill(Y nonmetals 
(includillg coal) and 2,000 in the productT()n of j)('tJ'OlPuJI1"'and natural 
ga~, An uclditionnl 4

1
500 persons were CIll ploy('c\ ill pIn n t s proccssif!g 

pl'lmary metals and III petroleulll rcnne·ric·s. Tot fi l ('lllploymc:nt. m 
19G1 dIrectly connccted with minC'rnl indust.ries wa:-; 11.400. This 
cont)'nst~ with 1953. whell 11,GOO "'t'n~ (,IJlploYL'(l in min illi,!': 8,200 in 
metal nlllles, 1,000 m nOllmetal miJl(,s alld 3,-J 00 ill pI'lIc111c ing petro
leu~n a.n~ llat urn I gns , An ac~dit ional 4.8UO \\'C're eJll ployed ill proc
es?mg m.1Deral products, ma.klllg ll. totnl of 1G,4.00 elilp inYl'd in the 
nlll1 cl'almdustnrs . Thus, although th e \'Illue of min(,l'nl product ion 
was cons~derab~y great.er in 1\.)G1 than it wns in If);): ), (his production 
was obtamed wlth a greatly clecrensed lnbor fo)'c;c-in (li e cnse of metal 
mining wit.h only a little over hnlf the ])wllbl'r clIlployed in 1()53, 
This trend, which is industrywide and ])oL c.onfi]lc(l to ~r()ntnlln 1l10ne, 
is represent.cd graphically in figure 2. It. presents n s('l'ious problem 
to States such as Jvlontana whose economy is so dependent on the 
mineral industry, and Wllrrants some discussion. 

Jvlany factors have tended to bring this about. In contrast to the 
situation, a few years ago, when there was a scarcity of mallY minern,j 
commodit.ies, exploration has becn successful in fll1ding ne"- deposits 
of eopper, lead, zinc, and other metals, both in the 'Cnited States and 
in foreign countries. The result is tbat for somc metals, world pro
ductive capacity has caught up with, find in some installces surpassed, 
consumptive demands, at least temporurily. Couplcd with this, 
some metals are faced wit.h competition from other metals or from 
sucb materials as plastiC's, which, for some uses, can repla ce thcm. 
All this bas tended to hold prices of metals and mineml commoditics 
to relatively low levels wben compared "'it.h o( her C'ommodities . 
At the same time, increased labor and materials costs, declinin~ ore 
grades, deeper mining, and related factors have resulted in lllgher 
operating costs. :Mine opera tors have been forced to increase tbe 
efficiency of their operations in order to survi\'e. The tendency 
has been to concentrate operations in to [ewcr, more efTective opcrating 
units witb a significant decrease in the number of Ilctiye 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 
operatill ~ in Montana since 1900-and is parn11elecl by similar trends 
in other mdustries, such as n.griculLw-e. An interestin g feature of tbe 
cmve is the sharp reversal that occurred between 1931 and 1943. 
This resulted from two things-the depression yellrs of the 1930's 
when mn.ny jobless miners tried to scratch a living by P!'ospecting and 
minina on their own and the rise in tbe price o[ gold, wInch encouraged 
the attempt to ope!ate small placer and lode mines. Aftcr 1943, the 
downward trend cont.inued without interruption. 

Jvlontalla's mineral industry is found ed on the resources hidd en 
beneath her mountains and plains, but thc minera ls produced are 
consumed almost entirely outside the State. Thus the prosperity 
of the mincral industry within the Stnte is deprndent on the national 
economy find on d rmun ds by industry for m~nrrnl products. The 
past fe\\' yenrs have bcen diffi cul t ones, partlCularly for t.he small 
operator. This si tuation is lIot likely to change greatly in the next 
fm\' yl'f1rs. Nc\'ertbelcss, Llll're are some hopeful signs . The output 
of ?-.lo11talln's mineml products hilS shown a healthy upward trend 
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in t.hl' Pfl St, fcw Yl'al's (fig. 1),01'(' ]"('':;('1"\"(';; at Hut.tc' u.re' sn ic.1 lO. b~. a(~ 
an nlll ime hio'h and lhero nppears to \. l' "Olll(' IlllllCHl1ol1 of 11I('I l'n,., lll,., 
act.iyit,y ill l~li;leral ('xplornl~on will.lill thc Stall'. C()II S(' qt.Il'I~t.Jy, 
th o imlHc<ii at(' future can be vIewed \\'1tll nt J~'a "l 1ll0dclylc' ~ptll11l~ll1. 
In t,he IOIlO'('j' ran ge yiew, prospl'cls S('l'11I hl'l ~ lil ('I'. \\ It h III(TC:1 Slng 
po!)ulalioll~ and improH'cl standards of !i\' illg, hoth al homc'. nlld, 
Ilb:'Olld, tt10 metals and minerals that :\IonLlIla ('.:\11 prodllct' nre hkl'l) 
to be urg(,lltly necded. 

GEOLOGY 
(By U. !'I'r. Sahinen, ;\Iollt.nnfl Burcau of :\fil1('5 and G(,o!oP;.\·, and C. K l ':rrlm;tnn, 

A. E. WeissclllJom, and p, L. "'cis, U.S . Geo!ogic;]! SIIl'\'(:Y) 

I"''l'ROD L'C'I'IOX 

:Montllna is separable ph~'s iogrD.plli('alJy into three dis tinct, l'OllglJ!\' 
parallel, nort.hwestward-trending regions. Each comprises about 
one-third of the State, and the distinctin character of eltch is sl rollgly 
influ enced by the strlltigraph~T and st.rlldlll'e of lhr. und erlying' ro('ks. 
The distribution of these rocks is shown in figurc' :3 I (Pel'l'~', 19(2) . 
This has been generalized from a map that. Itas been )lllhlished hy lit e 
U.S. Geological SL1lTe~- in cooperation with the :'Iolllall <1. BureHu of 
Mines and Geology (1955). 

TOPOGHAPIIY 

The western third of :'Iontana forms tllC eflstern ])11rt of the 
Northern Rocky :Moun tains (Fenneman, 193], pI. 1, pro\-ince ] 9 ; 
ch. V, pp. 183- 224). This province is characterized by deepl~
dissected mountain uplands, sepnrated by intcrlllonlane basins. 
These mountains have been can-ed by erosion froll1 roc:J.~s thnt hn\'e 
been uplifted and in many places fau'Ited and fol(](,d. Alden (1953) 
has recently describ ed their surface features llnd glneial sculplurillg'. 
The southern half of t.his western mountain r egion has been inyad cc1 
extensively by granitoid igneous rocks , the t,,'o principal bodics 
being the Idaho batholith south of :'fissoula and the Boulder batho
lith between Helen:. and Butte (Billingsley, 19lG) (fig. 4).1 Volcanic 
activity in this regioIl hils resulted in Ittvlt flows, and beds of ag
glomemte and tuff, as \\'ell as small intrusive hodi es . 

The eastern border of the Northern Rockv :'Iountnins is mark('d 
by a 10- to 30-mile-wide strip, kno\\'n as t.he'Dis turhed Belt (fig. 5)/ 
that is distinguished by senre deformalion in consequence of over
thrust f1Hllting. The topographic trnnsition from the bold Rocky 
IVfountnin Front to the Great Plnins Province, or )'fissouri Plateau 
(Fenneman, 1931, pl. I, provinces 13:1, 13b; pp. 61 - 66), takes place 
over a short distnnce across the Disturbed Belt. 

Most of the processes that contributed to the formation of the 
majestic western ranges nlso have boen nctive in the Great Plnins 
province of i\1ontann" thc principal difl'crences being that the major 
components of diastrophism hn,ve been mos t.ly y er ticnl rather tll1ll1 
tangent.ial and wcre somcwhn,t \atcr in lime. The rcsult, is n. series 
of isohtt.ed mountain l'1111g'CS that. break t.he monotony of the seeming-ly 
endless plains. Some Hl~C form ed ns fi ],CSlllt of blocik fnulting; ot.hcl:s 
by t.he intrusion of igneolls st.ocks or l!1ccolithic masses ; still othcl's 
are the remnants of yolcanie piles. Some nrc simply broad \\'clts 
without much t.opographic relief, but al! are sep!tmt.ed by gently 
inclined beds. 

1 NOTW.- Figurc Indicnted nppenrs fiS a folded map nt the renr of thIs document. 
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Thc en.stern third of the Statc is dcvoid o~ J?1ountains and, ed·cpt 
along the west flfink of the gedar Creek a~ltlchnc south of ?~en{ IVh~ 
the strata are nen,rly flnt-lywg (fig. 5). The surface f~fttlll~S 0 t . 
middle and etlstern parts of :Molltn,na have been descnbcd 111 dctn 11 
by Alden (l fl 32). 

STRA'l'IGRAPIIY 

PRECAMnn.IAN ROCKS 

The Precambrian rocks of Montanft may.be di:' ided into two un~ts : 
an oldcr pre-BelL unit of metamorphic n,nd llltruSIYC rocks .?-nd a thlcl ... 
overlYll1g unit of sedimentary rocks known as the Belt sellCS. 

PRE-BELT lIIE'l'AlIIORPHIC AND lKTHUSIV1;) ROCKS 

The rocl-s of this unit arc cxceedingJy old nnd const.itute the S?
callcd bns~ment complex. Their pri.ncipnl areus of e:\.ll.osure In 
M ntann, are in the southern part of the Stnte between Dillon and 
I . ~. aston .md between Liyiuo'sLon und Red Lodge. Other expo~ures -'r ll1 ':'n . ' ~xtent occur in theOLittle Belt :Yloulltaills nround NeIbart 
o dl~1a tbe ~ore of the LiLtle Rocky Mountains south of Harlem. !'>-s 
:bo\\!~ by scattered drill holes, this ancient terrane also underlIes 
much of "the Plains nrCi\, at depLI.J . 1 -

S . 1 aroupS of thesc highly mctamorphosed rocks are mown, 
h eb:~t e~ )osed being tbe Pony and Cherry CI~eek gr<:>ups nnd ~he 

§tillwa tel' ·~mplex. Tilc first two consist of m~u"ll1e SCd1l1lent~ whl?h 
were complexly folded, metamorphosed, and lJltn~ed "?:r d1l1 ~H~~' 

abbroic, and v granitic igneous. rocks befo~'e the ('p~sl(,lOn 0 ~ 
gedimentury rocks of the ovcrlYll1g Bc1t senes (Tnns~cJ' et ul., 19313 ~ 
sH' . 1 d R bbl'tt 1960' Reid 1957). The Stlilwater comp ex emrIC 1 nn .fl , " . d . P '1- St"ll 
of ultra basic igneous rocks is c)..llosed ove~' a w~ e arca. m ill."" It -
wuter nnd Sweet Grass Counties. RudlOuctlve ag~ :neasuremen S 
ou' t1u:ee pre-Beltinn rocks indic!ltcd ages of 1,690 million aud 2,540 
million years for these rocks (Haydcn aud Webrenberg, 1959, pp. 

17~~~~~ ~f northwest Montana is occupied by rocks of the Belt series 
R 1959' Ross in press) ft sedimentary sequence ~f shnllow-wa ter 

( o~s, . . .' 350'00 to 50 000 feet thick that rests WIth &reat uncon
marme ol"lgm, ' ' d' . t overlain by beds 
formity on the crystalline rocks be!o.w, nn JIS 1 ur?- br~·:\'d ~lowlv 
of 11ic1lile Cam brian ngc. DeposltlOn too \: I? a?e ID a . ', d d 
sinl-ing structural trough wbose enstern margm ~ 1S10ntan1txte~ .c 
, ... bl sou thellst from Glacier Park to the BIg nowy ~ . oun aIDS 
~ough Y t. l' ,t of the Stnte nnd from there southwest through 
in t e cen 111 pal ' , d 1\ r t ' nd .AJ:msten.d 
Three Forb Wbit.ebnll the Higblnn 1" oun aIDS, U 1 ., I' r 

RC('ioll!11 io,,·-oTil.(le I;letllmorphism has alLered t Ie °t
ug1l1

fl, .tS~(t 1-
o '" 1 t '1' - 1 "le -mel carhonates- ' 0 qllnl .7.1 e, 

men tan- rocks- ,s!lIle s OllC, SI oJ s 1. . " ' .. 1 1 . f '. l' 11' 
araillitc ancl impure dolomit.c. They are cllVIC e\.s~11~~ l~~.~lJ{~~~lli 
into fo~r ullits "'hiclt are, from oldest to.younges.. -,. 
_ J- the R'lynJli the Pie CY :Lll and thc Missoula .g101.1PS (Ross, 1909, 

lOc] ... ~, . Sill~ :lik~s. and l~Yl" flows of Prec.ambnan ;~ge _ are pI:es~nt. 
ro·cu.n~: On t.hc basis of n\'(lio!tctiyity measurements of It . .', 0 .sprcIlllllc1"S 

.1' .1 S I' 'r' Coenrd'AlencclsLnct, tnlO 
of pitelI-hko(le from t.le, l\11S IIl1e._, 1l1e, . . - f 11 t- na' 
which is ill stmt:l eorrchtin' \nth the Ravalli glOl\P 11.1. tt\ '\'tl ' 
Eekelll1!wn and Kulp (Hl57, pp. 1129, 1130) conc ue ce ,1a . Ie 
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uranium minemli7.fttion occurred nlJout 1,190' million years ngo . The 
rocks that enclose t.he 1IJ"nnium miner!lls must t hcrcfore be still ohler 
(Wallacc and ot.hers, 19GO, p. 25). 

PALEOZOIC HOCKS 

Stratft of Cambrian, Ordoyic.i al1, Silurian, DeYonian, :"'Iississippifl,T1, 
PenllsyIYani n.n, and P('nni n.n ftge comprise the P!tleozoic er n, ,,-hich 
in Montana had an original thickn ess of approxillln1 ely] 0,000 feet. 
Rocks of this era, which is est.imated to have hn.rl n durfl.tion of about 
335 million yenr~, haye been deposited extensin'l)- oyer :Montal1 a . 
(Sloss, 1950, pp. 423-451). Today, except for smnl1 isolated remnants, 
Paleozoic rocks have been completely removed by erosion west of 
longitudc 113°40', or t.he meridian through a point ftbout ] 6 miles 
east. o{ MissouJa. East. of this line Paleozoic rocks arc exposed in 
upturn ed bclts along the Rocky ~101lntain front, s1Il"round thc cores 
of t.he larger mounta.in masses of southwest ~Jontann. fiS ,,;ell as some 
of thosc out. on the Plains, and generally are in the sulJsurface ,,-herever 
younger rocks are present. 

This distribution has b een outlined on a series of preliminary 
paleogeographic maps by Perry (1962, pp . 23-27); and the straLi
~raphlC nomenclature of the various series, groups, and formations 
IS given in further detail for nine separate arens in a chart which is 
included here throu~h the courtesy of the 110ntana Oil and Gas 
Commission (fig. 6). The stratigraphic names of the various forma
tions in t.his chart lllay not in eyery case follow the customary usage 
of the U.S. Geologicnl Survey. Practically all Paleozoic units shown 
are of marine origin . Dolomite nnd limestone arc the preponderant 
rock typE'S, although shale, siltstone, sandstone, and evaporites 
(gypsum, anhydrite, nnd salt) also are present. Thc vertical shading 
in the chart represents stmta that are absent either because of non
deposition or becnuse of subsequent uplift and erosion. Such breaks 
represent unconformities of various kinds, some of which are re~ional 
in extent. These unconformities are in places of economic SIgnifi
cance bccause of the influence they mny haye had on the migration 
and accullluintion of petroleum and naturnl gas. 

MESOZOIC ROCKS 

Sedimentnry form ntions of :tYlesozoic age with an aggreg:!tte thickness 
of about 5,000 feet c.rop out o,'er about 55 percent of tbe aren. of 
Montana, chidly in thc central nnd enstern part of thc State, ",here 
they haye been brought to the surface on the northern end of thc Blnck 
Hills uplift. nnd the E'longate Cedar Creek anticline. In ,,,estern 
:tYlont-ana limited exposmes ocellI' in bells adjacent to Paleozoic roeks 
in scattered mounlainous nreas. Deposition wns continuous during 
most of the Jurassie nnd Cretnceous Periods, but in sOl1le tlrens much 
or cven nll of ill(' Triassic. strntn is missing, 11l(' nbs(,J1c(' of these beds 
mnrking n. gr('at llneonformit.y thnL separntrs the :i\lesozoic from the 
Paleozoic system onr much of }'Iontnnn (fI~. G). 

The l1esozoic Na, which had a dumtion of t1 bout 155 million years, is 
ebaract('riz('d by the deposition of both continenttl1 (terrcstrinl) n.nd 
marine rocks. The Upper Cretaceous ro(~ks in particular consist of it 

sequence of tl.Jick nlt(,rIlf\.ting wedges of mt1rine find continental strati\,. 
1 NOTE.-FJgure Indlcnted appears as a rolded map at the r enr or this document. 
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Shnle 1S the m03L abundnnt 1\J()sozoic rock o[ marin e ol'i~in, wit h 
sands tone next. . 1'Inrine limes tone is eonspieuolls in the ,TlIr:1ssic 
sys telll. The terrest-rial stratn n.r e chien.\· mudstone, silLs tolle, and 
S'HIlc\s l ollr , with minor [resh-\\"aLe1' lin1l's tone. 

'fhe .\leso;wic era eulminnted in a per iod of mnjo]' mounlain 
buildin g, :H'cOlll pnnil'd by \-olcanisl11 , thilt pel'sist?c1 i~ltO t.he earl.\· p:.lrL 
o( the 'I'ertim·.\" period, the entire inter\":ll ('ons t. !l. ul .ll1~ thc rather .Il~
ueflllccl La:'nmic\e Revolution. A t.hick seqllell(:e o[ tuD's iln(l :tll(\es ]\.IG 
no"'s inlcrhedcled with continental scdiments was laid down in the 
Boulder hll tho1ith area, in the Livino'ston nref1" and o1se \\"hc1'e . The 
granit.ic. intl'usins sucb as the IdahoObatholit.h in Ic1n110 lind w('stern 
l{nvnlli County, ::\,10nt., and the Boulder batholith fLnd 'fobltcco Hoot 
b:1 tholi t 11 in ceil tral-wcstel'n ;'Iontana . and others were CIll placed 
durin g this period of di astrophism. 1'1ost of the metnlliferolls ore 
depos'its of the State are associated with these grn.nitic intrusive 1'ocks 
and werc form ed n.pproximatcl.\· nt the S!lme time. 

CBNOZOI CROCKS 

Tert ia!'y sys{e7n.-Throughout the Cenozoic, whieh is .estimated 
to have hnd a durnt.ion of 60 or 65 mill ions, st.reams and l'lvers were 
reinvi <Yorn ted by the Late Crctaceous-eally Tertiary orogeny of the 
N"orth~rn Rocky ;'{ountams. Vertical uplIfts or tilting that may still 
be in progress swept great floods of rock waste ov~r the En.stern 
Plains rcgion of 110ntnnn and into df'cp st.ructural baSInS and v~ll.eys 
wit.hin the mountains in the western pnrt o[ the State. The or~gll1n.l 
flO'OTeo- ;.l te thickness of thi s continentnl detritus is diffi cult to estJlnate 
b~~all~e of more or l ess continuous erosion and redeposit.ion. Along 
the Illount,lin front, howev er, flnd in sOl11e intermontane vnlleys, the 
order of thickness may have been as much as 4,000 to 6,000 feet, 
thinnino- to 3,500 to 4,000 feet in eastern }..{ontana. Now more. or 
less con~o1ida ted, these sedimen ts comprise the Tertinry sy.st-em whICh 
is subdivided into the Pnleoeene, Eocene, Oligocene, MIOcene, an~l 
Pliocene epochs. At no one pInce ill ;,lontana , however, was depOSI
tion continuous. Except- for a few fonnntional units of early Pnle.o
cen e age \\"hieh have b een inserted to mark the top of ~he Mes07.01C, 
thc Tertiary system has been omitted from the correlH;tIOJ1 chart (flg. 
6) for thus fnr no indigenous oil or gns has been found m rocks of that 

age in ;"Iontana. .. ' 
Rocks of Paleocene age arc d1stnbuted WIdely oyer t~1C eastern 

;\10ntnna Plains (fig. 3) where they comprise the Fort Umon forma
tion which, in ascending order, consists of tl~e Tullock, Lebo, and 
Tonguc River mernbers. The 'Wasatch formatIOn of Eocene age con
sists' of soft., variegatf'd mudstone with minor .beds of .st.renm ~on
glomcrate, but hilS becn almost completely stnpped ofl by erosl0!1' 
ItS forlller cxtent, however , is indicnted by remnnnts prescrved. III 

slll nll down-fnuJt(,d blocks in the vicinity of tllC Bearpnw 11011nt.nll1s. 
These r elllnants have been of immense assistance in the gcologic 
d n,t in r,. of the volcanic rocks of thn,t dctnched uplift. 

Ro; ks of Oligocene and Miocene nge nre rare on t.he Enstern PInins , 
o('cmJ'in~ only' ns small, thin oUlliers on thr highest, 11lflj.or st·rcftln 
diyir\ ('s, or flS caps on isolnL<-d buI t.es . On tll(' Ot-hN haw], III \\"('s tern 
lvfontnna thick sections of 01igoC'C11C nnd 11iocene rocks, commonly 
re f(']"l'l'Cl to as "lakchcds ," fLw ' well prcserved in the fill of llw intN-
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Jl1~n I fll:C ~~ lI<,),s: EI.1:~l is m orc or less .n dist i 11('\ un i I., d ('pend ing upon 
loud (n\ II olllll~nt. J hr; vfllley sedllllclI(c; of \\' (' :; \('1'11 ;'1 OJltflllll 
Ihercfol'L', aJ'e lllghly vanable sequences thnt ill\-oh"c mud s t.one s ill ~ 
~t?nl', ~n(.l c1a.:rs IOIll'., much ~f \',hich IlIny he I ufl'nc('()us, yet nl s(; (:on
t:lJn:ll1l1 JOterh:'ds of b en[olllie oj' crys lal lilli', Ilnd 11101 '(' I'1Ii'L, ly, Jnyer:; 
01. dl ;ll.o llln ceo us en·1 l~l. Other ro~k typc',., p!'('\-nl l' nt lire uni ts of (;ss il<
hltUllllnous shn le, Illln sen lll S of ImpuJ'(! conI, Ihick f1('l'.lIlll11lalio1ls oj' 
sl reflill c:ongloJllC'rntc, nnd fine- to coarsc-tcxtured fnll ;.>:lo:'l l·r;l! ('. 
Rocks of Pnlco(:rlle age see)ll to be absent, and h rds of jlJ'oV(,d EO(,(,llo 

nge Ilre un:Ol!ll.non. The youngcst Tertiary forJl) nl ioll 011 Ill:· 
bl~stern Phlll~s IS the Flaxville formation, \\"hi('.h probably is of 
?vlJOyene or. PlIOcene age, hut wluch llllly rHllg'e frol1\ Jat (' ?\fioc-;' lI e in lo 
earlIest P~elst.oCe Jl e. ?\10s l of the (teposits nrr remnant s of thin sh('ets 
o~ qUfLrtzlte stJ:ealll g ravel deri\~ed from the }klt serics tltnt. 1'es l on 
J\lgh-levyl erOSIon surfnces o~· pedill lclltS . In tl \(' ,"i (:inity of I h e 
mou~lt-nl!l ranges on t,}\C Pla.1I1s , howe,",' r, the 1"lnx\"il1c format ion 
conslst.s largely of local mn.tcl'Jal from the uplift. 

QUA'l'EUNAHY SYSTE:\[ 

F!lei,~t()cenc .series.- At lens\' twice during the Pleistoccne epoeh 
willch IS conSIdered to have !1 :1d n dUl';ltion of about. 1 million yenrs ' 
tl~e I.lOrthern part of the ~IlssouFi Plat.eau ~FenJl?man, ] 93], 'pl. r: 
1~IOV.Jl1?~ .13ft) has been the termm:1l area .01 contlllen tni icc sheets. 
EnrhCl ICC sbgets may also h ave extende(l mto extre1l1 e JlOl'th en" t ern 
1\:~OI.ltann. . " e~tern ;,Io:ltnna likewise has llll(~ergone ~xtellsive gla
CItltlO~l both f101I1 contmcntal and from AlplJ1 e gln,clcrs . Glneial 
deposlts ab?lllld . \\~hcr.e the ~ountry formerly \\":1S covered by i(;c , nnd 
they .vnry I~ Ol:lgm from sImplc boulder-clay or till in th e groulld 
moraJl1~, ~vhlcl~ IS most prevalent, throu~h terminnl moraines, kam es, 
and eskels fOlmed by n~ elt water nt Ice contacts, to fluvioglacinl 
out.wash aprons and glncHll Inkebe~l clny lind sil t . The spcctaculnr 
fllpme scenery of western l\Iontnna IS the result of ghcintion flnd the 
str~alll pattern, wnterpower potential, and suitilbility of the' land for 
n.gncultl1l'e- all hnve b een profoundly afl'ected by glnci?tl activity. 

HECEN'l' SERIES 

~llulii1l1n .-AJl\1\: illm consi.st.s of mud, snnd, s ilt, gravel, re\\'orked 
SOlI, O!·. o~her d etrItal .depos ltlon b)~ running \\"u ter during Recent 
geologlC tIme. ExtenslVe acclllllulatlOlls make the flood plains alono
streams, w~cre furthe], cOll centmtion Hnd sorting h av e form ed low~ 
level depOSits of gravel and S11l1cl. 

STRUCTUHlc 

Geologic stl'lI c tur~s. ~n 1fontana cnn be considered in the same 
threefold :\1':111 subcln'lslOlls liS \ve1'e t.opography and s tmtigrl1phy. 

III enst( III ~Jollhllla. structurcs, like topography, are subdued . 
L~yc~'ed rocks 111 the pllllllS fl1'ea nrc fL1~ - lyill g: 01' dip gently flS H re::;ult. 
01 ?lOn~l , gell\.le fl exures that f01'I11 Simple s lructul'CS or large size. 
1JaJoJ: lent.u1'c~, such as the 'Yillis toll Basin nnd the Cedni· Creck 
an tlCIlll e (ftg. 0) ha yc a to Cal st~·t1('.1 urn 1 r(,\i('f of only a fow hundred 
feet, ye~ extend for mnll)' Lells 01 llllles neross the COUlltrys ide. 1Jany 
such stlUetures nrc so broltel and genlle t.hnl. th cy CHn only Lc reeog-
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nized by careful geologic mapping oyer large uren.s. Fault.s arc few, 
and mosL arc of rehtivcly minor displacement. For hundreds of 
millions of years, no yiolent struct.ural dcformnJions occurred in the 
110n tan a Plains. 

Centra11t1ontana has structllTes Lha. t nrc closely correlat.ive wiLh its 
topography. The area is predominantly one of gon\'ly dippin g rocks, 
which underlie the pInins. In it number of plac:es , however, the rocks 
are domed steeply over isolated mountn,in ranges of consicle1'l1ble size. 
Topogrn,phic and structul'll,l relief in these l'i1l1ges flre both measured in 
thousands of feet. Some of Lhe ranges , ftS the Big Snowy Range, 
formed by vertical uplift alone, and n.re sUlTounded by stccply tilLed, 
but otherwise comparatively undcformed rocks. Elsewhere, as in 
the Bearpa.w a.nd Pryor 11ounLains, faulting has complicated the 
structural picture. Some of the ranges were domed by igneous 
activiLy: the Little Rocky and Crazy Mountains are exa.mples of 
mountains with Ia.ccolitbic cores. In t.hose, a variety of complex 
structures exist, in response to both overall folding and locn.l disruption 
of the preexisting rocks by the intrusives. Faults a.re more numerous 
and of greater displacement in the pla.1ns of central Montana. than 
they are farther east; they, like the folds, represent a. transition zone 
between the east and west. 

The Disturbed Belt ma.rks the en,stern edge of the complex and 
intenselY deformed western third of the State. The belt iLself is a. 
complicated system of thrust {n.ulLs, in places with compound thrust 
pla.tes piled on to'p of one n.nother. 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 mounta.in 
ranges and large intervening structllTal basins that show a great 
variety of structural features. Folds range from bl'oad and open to 
steep, overturned, a.ncl to complex multiple systems formed tlu'ough 
successive periods of movement in different directions. They range 
in size from great arches m!1ny 1niles across to intrica.te contortions 
on a microscopic scn.le. Faults are equally abunda.nt and va.ried. 
Thl'usts, normal faults, reverse faults, a.nd strike-slip faults a.re known, 
and like the folds, they show a wide range in size and displacement. 
Some of the mnge front fa.ults in southwestern Montana show evidence 
of compa.ratively recent movement, and the 1959 earthqua.ke in 1'lad
ison Valley indicates continued structural activity in at least part of 
the a.rea through the present. 

Unlike individua.l structures in cent,ral and ea.stern 110nta.nfl, some 
of the structures in western 110ntana are segments of features that 
are cont.inenial or subcontinental in scope. The Disturbed Belt is n. 
part of a structural system tha,t marks the front of ihe Rocky Moun
tains for hundreds of Illiles north into Canada. The Lewis and Cln.rk 
overthrust line cuts across parLs of three St.fttes, and has been trnced 
west into e!1stern \VashingLon . One segment of the line is represented 
by the Osburn F a.ult, whicb in western Montana has a. horizontal 
displacement of a.t least 12 miles (Wal1ace n,nd others, 19GO). 

Igneous activity has bad a ma.rked efl'ect on the structures of the 
area.. In trllsives rn,ngo in size from tho Idaho batholith, one of the 
largest in N ort.h America, to small dikes, sills, plugs, and related 
intrusive bodies, some only a few inches in length. Associated 
structures arc equfl lly yarieu. They include profound deformation of 
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~urrounding rocks in pl aces, and in some instftnces lar e masse 
If?neous rocks appear 1.,0 have .ftcted as bu Llresses that resis~ed d ,j s of 
Ll~l: cansed by InLer rock movements. e orma-
,.1 h~ na1.,ure of t}lC sLructures of 110ntana their yuri t, . 

~/~h~l(s~~ll~ve ct IDlFortanL benrin~ on Lhe f~el !lndllljnc~}1 r~~gu:~~~ 
rocl-s ~re~' omp ex str~lCtures 111 arcus Lha1., also conLaiIl ierneous . 
for ~letallie l~~vorufle ~YlrOlllllent. ~Ol' mi~erulizuLion, part i ~ulH rly 
nnd Mesozoic l~~('di~lS~ntarreal~ocl~~tJ~~lllg tillck d eposi1.,s of Pal<'ozoic: 
domed are favorable for tt1c r \". t fh~\17e been gel~~ly foldoll nnd 
l'k .1., t' . h ( IseovCl y 0 01 and gas . I hus structure 
;h eds.rLa)bglup Y'fmust be understood in order to properly und cr- lill1(i 

e IS II uL1011 0 natural resources in ~'1ontalla . " 

ECOKoi.\IIC GEOLOGY 

. ~~e th~'ee,Plarts into whic~ :MonLana can be divided difTer mflrked lv 
III ~ mlllCla resources whIch nrc found therein These I'fl' .J 

arc dIrectly r elat d t d'ff . 1 . (I ercJlces d .1 . e.o I Cl'enccs 111 t 1e geology and structure of L'he 
un e1 ymg ro.cks whICh ha.ve been discussed in the recedincr 0- ' 

The metalliferous ore deposits of the State- d p . 1°1 pU",e". 
of gold silver 0 I d . an espeeIU y those 
I ,1' . ' . c PP?r, ~a. , zm~, and. tungsLen-in most cases ftl'e 

c C!'d? y assocllt.t?d wIth l.gn eous mtruslve rocks of interlllcdiftte to 
~11 lC ~omposltllOn, p~rtlcularly those that were intruded in latc 

es.ozo.lC ~H' car y Ter~lary time. The ore deposits arc found both in 
~~eol~tl~ISte and

f 
tdhefmvad~d rocks, and most are related to fractures 

• ~l ypes? e o~mat1On. The host rocks ]lUlY be of an ' fie)'> 
!lOm I recllmbnan to Tertian' and may be of 'L l d:.) ",C Igneou t h" .J Cl Her se lInentnrv 

,s, or ~e amorp IC OI?gm .. The sedimentary or volcanic rocf~~ 
tfat \,ere formed after t!J.e mtruslve rocks were emplaced and Lhnt in 
paces co.ver thCl~ .contm,n few workable deposits. 

IntrUSIve gram tIC. bodIes of late Cretaceous-early Tertiar ao-e such 
as the .Idaho bathohth, the Boulder ba.tholith and the l' JY ° R 
bnthohth ar ' It' 1 . ' 0 )acco oot (flo- 4) Th pleva en lll. t 1e rnountamous western third of the StilLe 
M"" . . e concentratIOn of metalliferous ore deposi ts in wes1.,ern 

~ntan.~ ~n and around .these bodies and slllflll er satellite stocks is 
Vely stllkmg (see maps III chapters on "Gold'" "S·l · , Z' d Lead'" a d "T t") d · ,I \ el, lllC, an 

t
. 't ' f n

J 
• ungs en an accounts for the o-reat mineral produe-

IVI y 0 t 11S part of the State. '" 
In ~outl!\v:ester!l Montuna deposits of talc. corundum iron ore 

fh~P8ht:;./Jl8Il1al:Ite, and kyani te nre fou~1d in· Precambridn rocks of 
h P' Y ~.eek G~'oup, and large depOSIts of chromite arc found in 
~ e l.eclllllbnan Stillwater Complex in Stillwater and Sweet Gl'1S 

ountIe.s. In the w~stern third of ~fontnna sedimentary ;'ocks I of 
Pa\:ol~)Jc and Me~~zOlc age are actual.or potential sources of phosphnte 
!Od \., t l~llfstO~1C, SIlIca, crushed nnd c1lll1ension stone clays n.nd other 
lilt US.J'la 1I1l11erals. ~orne bentonite has bE-en mined r;OI1l hi o-hly b ~red bg~l of

d 
volcamc ash in Tertiary secliments in interl1lontlllle 

S~!~~~~' I an gas have not been foullel 1.,0 dl1tc in Lhis }hll't of Lhe 

In ~entJ'l11 1Jontana met.alliferous ore drposits hnve been mined in 
~h~r~ht.~~ Rocl~y Mounta.ms, Lhe North ~[occnsin ~fOUl\tllillS tht' 
r u I · our:Lams. the LIttle Belt ~lo11nt rtins, Ilnd other isointeci 
n.nges. As ~n west~rn l'vJontann" the deposits nlmosL invarin,bl nre 

closlely
1
, ass.ocmted wIt.h grllnit.ic intrusive rocks of late Cretaceo~s or 

ear y ert-lftry age. 
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Cen tr:t1 l'v10nlltnfi, ho\yever, is beLter known for the procl uction of 
petroleum llnd n,lturill gns. Such stru ctures fiS the Cnt Creek 'tllLi
cline, \ he Kevin-Sun b\lrst dom r, the S\\'ect Grnss nrcll, :In(t 1\1<111Y 
others h:lve been bighly productive. In central :'lon\'ll1lt, }'-1eso7,oic 
sn.ndsloll

es 
nre important. reservoir rocks for the ncc1l1l1\l1:tlion of 

pe\.roleu m and un tlll'nl gns. Some Pnleo{'()ic forllliltion s \w ve illso 
been productive. Some Crelilceous sandslone, for CXi1111p1e \he third 
Cn,L Creek sn,nel n t t.he bilse of the KootCI1!ti forll1n lion , the VirgeHe 
sn.nc1slone member of the Engle sftndstone, ilnd the Fox Hill sll,ncls \one, 
nrc v:tlun.ble ground waleI' n.quifers- n.n important nsset. in !t semi:1,l'id 
region. The Kootenili forllli't\ion nlso in plnces provides cb.v suit:l.ble 
for brick n.nd tile. Conl deposits underlie lllucb of centl'lll Montnnn, 
most of the conI in the nr('.n. being either in beels of Jurnssic 01' titte 

CretnceotlS nge. No metnlli[erous ore deposiLs nrc present in the enstern \,hird of the 
State, but. this n.reil. contnins over 90 percent of f-,

I

lontnna's exLensive 
con.lreserves. The coal is in the Fort Union forllli\,tion of Paleocene 
n.ge nnd is especin.lly widespread in the uppermosL 01' Tong

uc 
River 

member. The eilstern region a.lso produces petrole\lm, principally 
from the west end of Lhe highly productive WillisLon Dasin !lnd from 
the Cedar Creek ItnLicline. In this Hen. most of the petroleum produc
tion is from p,'tleozoic rocks, Itlthough some gn.s is derived from Cre
taceous form~tions. Bentonite is mined from beds of Cretn.eeous n.ge 

in C:'trter County. In summnry, in western Nlontnna igneous , sediment,ltry, nnd 
metamorphic rocks are prcsent, and geologic struct.ures arC'. complex. 
The region is dominantly a metalliferous province huL hn.s In.rge 
resources of mnny nonmetnllie minera.ls. In central Monta1\lt, igneous 
and metamorphic rocks arc much less abundant. Geologic structures 
n.re simple to complex. The resources of the area arc chiefly peLro
leum, natural gas, conI, and some m etals. The variety of nonmet.al1ic 
resources is less than in western f-,10nt.anfL. Eastf'l'n Nlontana is a. 
sedimentary terrane. Geologic structures a.re simple and subdued. 
Millcn"l resources are chiefly petroleum, conI, n.nd natlll'fLl gn.s. Non
metallic r esources arc chiefly clu.y, bentonite, and sand and gravel. 

The above is a. highly genern.lized and yery incomplete clPscriptio
n 

of Mont!lna's resources of minerals and fuels, but it shows how 
different these resources a.re from one purt of the Stn.te to nnother 
and how closely they arc rcla.ted to the geology a.nd structure of the 
underlying rocks. A more detailed summary of the resources on a 
commodity-by-commodity basis is presented in the ensuing chn.ptcrs. 
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IET\LLlC AND INDUSTRIAL MINERAL RESOURCES 

INTRODUCTION 

'[h p, L, W('is, U.S. Gcological urvey, Spokane, Wash.) 

''' lrl .\" de\'ploplnt'nt of th(' rnirll'nll fPsour('(';; of ~10Ilttlnn, was 
II I tn.h- dire(·ted toward th(' metallie rniIH·ra),.; . As in so many 

'. _ "f til(' \rl'st, gold was the initinl goal of thl' ('arly minrrs and 
:. ,_;",,'1

11
1-. Exploitation of oth('l' metnllie deposit;; soon followed, 

11\1 ' I \1"1>' nol until a larger lInd more divprsifit'u popullttion arrived 
'h,,1 II lhll' lllinerlll 1'esoUI'('('S drew nttenlion. Bv thr parh- 1900's, 
\ {, ,, ,\ nl1l1 lind II >,if,!;nifi('unt population ('ng'1gpc\ in r~\IIt"hin~. hlmhNing, 

I,d ('01111111'1'("1 ' , lind tIl!' lwpd for some of the Ipss glllJllorou;:; mineral 
, '1'1)1101\ 1'11 ''; Iwg.111 to 1)(' felt. OeffiPllt, stone, sllnd and gnl\-I'l were 
" ., d III llW n 'Ic,ing qUltntitirs for roads and bllilding construction. 
Till ' mpid ('han~ps and advances in technology errltted demands for 
1I 11111.\" nlill (, l'l\\ products formrrly ('onsiderpd 'of little or no value. 
\ ' f' rmi('u IiI !' i,; lill outstanding example; it was not un til the initiative 
,lilt! \' isioll of 1\ few ]woplP dpveloped somr of th(' mltny pn'senl-day 
11";"" for \ ' (' 1 tll i("ulilC that it \\,11 . considered l1 mineml commodity Itt all. 
T h 'l'l' 111"l ' I"!llly otlu·r similar examples. The nd result of '\iontuna's 
!!;l'< l\\"ing populat ion and industrial variety is \'he long list of minel'ltl 
, oJllJll(H\i ' I' "" 1I0W produced in the State. Although lhe metallic 
nU\l<'l"ltls .,,(, us important os ('vcr, ItOd allhough Montana remains a 
k llding I'I"IH\uCel' of them, the importance of nonmeLallic minerll.ls 
, ,,"I i 11\1"" to gro"'. As will be seen in the tex\' that follows, not only 
I II ,' qU llIl l tlY, but the vltriety, of :'Iontana minel'ltl production is 

...:,1"I"I l. 

ANTnWNY, ARSENIC, BISMUTH, CADMIUM, GERMANIUM 

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

These l'lements, chiefly recovered as byproducts, are present in 
ltft"rrent orrc, and in varying degrees of abundance; aU except arsenic 

'Ire 111 l't'\ati\-cly short supply. 
Antimony and bismuth are soft, silver-gray metals with low melt-

' n!! point"" Both are rare in the United States. Antimony is re
Il\' rrl'd , "' II byproduct from silver refining (almost all U.S. production 

• ,) llIP"; froJt\ the Sunshine mine in Idaho), and bismuth is a byproduct 
rolll ('('\"htin leR.d ores, including those from Butte. The Anaconda 
' 0 . pro(hj('es the only bismuth reco,,-ered from Montana ores. Anti
'O il) orf's (stibnite) are mined in some parts of the world but, 0.1-
h O\l\!h lit) economic deposits are presently known in the United States, 
,)lIlr df'{lo"its in Sanders Oounty once produced a little more than 

Bodl Illl'tais arc used in alloys such as type metal, babbitt metal, 'nIl Itl'l ~ 1)1 or(', 

,1Il\ IIIl i t lIln, hattery lead alloys (antimony), aluminum I\,lloys, mal
aLl!' Iron n rlll sterl, pharmaceuticals, and laborn,lory chemicals 

53 
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The llse of smelter slags as a source of iron has aroused considern,ble 
intercst in l\10I1t,nnn" In ]959, \Yehh & Knapp , Inc" anno\lnced that 
construction of an in t egra tcd steel plnnt 11 tilizing nat1lral ore a.nLl 
smelter sIao' derived from Lhe Anaconda. Co.'s reduction works at. 
Ana.eondfl, '}.10nt" was b eing ~onsidere~. It w~s explnil~ed that. the 
Strn,(egic-Udy process employlllg elc~trJc smeltmg l echl1lfj\les would 
b e n,pplied to reduce the rn.w ma.tenal and tllflt the finnl 'p~·o.clll,ct.s 
would consist of finished shapes. It WftS also stn.ted thftt 11lltla.tlOll 
of the project would depend on obtn.ining investment capi tal, estima ted 
at $40 million and solving mn.rketing problems, As of 1962, Gulf, 
State Lands & Industries, Inc., a subsidiary of \Yebh & Knapp, Inc. 
has applied to the Federal Area Redevelopmont Administration for 
financial assistance. No decision is believed to have been reached 
(1962). . 

The sla.O' dump at Anaconda is reported to contain 4.0 million tons 
of materi~. Other slftg dumps comparable in size are at the plant of 
the American Smelting & Refining Co. at East Helena and at the 
plaut of the Anaconda Co. at Great F.al~s. . . 

Forty-five percent seell.1S to be a reahstl~ estImate of the Iron content 
in the slaO's alLholwh the exact grade IS not known. Most of the 
iron evid~ntIy oecl~'s as a synth~tic silicate. Small n.mounts <?f 
copper, lead, and zinc are present, smce nonferrous metal recovery IS 
not eomplete. . ' 

It appea.rs likely that l\10ntn.na contains enough Iron OI'.e to provIde 
for at least a moderate-size iron and steel induslry. Cluef obstacles 
at present are the distance frolll existing major. markets, and the 
limited population and conSlmler demUl:d wIthlll th~ area where 
l\10ntana iron could realize an advantage 111 transportatlOl1 costs. 

LIMESTONE 1 

(Bv J. M. Chelini, :'-iontana BureAU of r-,lines and Geology, Butte, lVlont .) 

Limestone, including dolomite, is the most wi~lely used ?f all roeks. 
Over 450 million tons arc consumed annually III the Umtecl Stn.tes. 
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 forlll or 
calcined to lime. 

In l\10ntana" lim('stonc is used fo~' concrete aggre~a.te, roaclstone, 
fiux aO'rieulture railroad bftJlast, npra.p, fill matenal, fill cr , sugar 
refh:in g, portlan~l cement, n.nd l~me . . Importallt !1~es in ?ther areas 
includCl coal mine dusting, filtratlOll, lImestone wlutmg, mmeral food, 
and alkali calcium carbide, glass, and paper mn.llufaeture. 

In tern:s of total domestic production, concrete aggrcgn.Lr. and 
rOllclstone consume the greatest volume of the rn.w product,. ~ow
ever cement amI lime the major products Illanufaetlll'ecl from hl1lc
ston~ exceed in doll Ill' , vftlue that of all limestone sold or used in tl10 
UniLdd States ill anyone yellr. Lime is an esse!1t.iftl Illnterilll for 
more than 7000 uses involvinO' lllany difl'erent, indus tries (Pnttcrson, , ,,,, J . 1 I'd 
1960). By far the grf'fttest number of uses n.re. c tellllcn .n.ll( 1~1 1I5-
trial. In 1961 tlw vnlue of ee/11enL produced m the Ullltcd States 
was $1,10;'),!):37 ,000 (\Y('st and Lindquis t, H162, p. 391), t.JlC yalnc of 
lime was $210 141 000 (PftUerson and Sclll'c'ek, H)(i2, p. 799), and t,he , , 

1 Including lime nnd cement. 
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comb,inrd vnlltc of ~r\lshecl limr;;lone and lim cs t()11n dimension stolle 
wa;; $608,13~,OOO (Colter and Jensen, 19G2, p. ] J45, 1156.) 

Commer~lally, th~ word "limestolle" is a general lerm for that elass 
of rocks wll1~h contmns at lenst SO percent of the carbonates or calcium 
~nd magnesIUm . . rho marketpcl products fire further dcfine(l c\eprlld
~ng l~pon comrosltlOl1 and use. \yhen cfllciul11 CllrboJlnte is pres0. nt. 
lll , ,;xcess ,of 90, pe:'cen t, the l'oc~\: IS called 1~ 1.lig lt-cakiuJ)1 Ii J)lestonc . 
H~~h-clllcll,l111 lUlle;stone, the vanety used by 11111C nndcelllent indus
trIes, should contfllll less tl.l:ll1 2 pr;reent l11a;';l1esiul11 carbollate and It's;:; 
titan, ~ percent of other ImpUl'ltl0s (commonly silica, ahllllill:1, and 
o~hCl lllSOI}lbles), l~ 10 percent or m~re of lllagJlrsilll11 cHr1;011l1te is 
ple.sent, LIe Iyck IS calle~l magnesian or dolomit.ic lilll estone , 
fhls decreascs Its usefulness III the mallufacture of lime nncllllllkes it 
unfit for t.J~e manufacture ?f. cement; cement l11fllluf:wLlIrers do not like 
to use a lImestone eontalllll1g more than 5 prrcellt. mngnt'siul1l CHr
bonate and prefer eyen less. It does, however, filld usc for ao-ricul
tuml p~·~cesses . POl'~lal1d cement is commonly Illade from "r;~lt.u1'lll 
cement rock, an a,rglllneeous limestone containing clay nnd sili(;'l in 
the correct l~roportl.olls to mfllce cement. HowC\'el', some eCJlle ll t. is 
made. ~rom hlgh-punty limesLone by adding the proper umount of clay 
and SIlIca. -
. \Vhen the content .of.magnesium cllrbol1nte approl1ehes 45 percellt 
m a. carbollate rock, l~ IS known .IlS n. dolomite. Dolomite is used in 
the manufa9ture of 11lgh~magneslUm lime; its preclolllinnnL usc is ill 
the ,pr?duct,lOn of magnesIUm compounds and ns n refractory. 

l\11l.11ne. lImcstones nre fO!'ll1ecl on the sen, bottom by nlly one or 
com~llllltlOns of the followmg processes: slow accretion of oro-anic 
remams, such as ~hells; aceum~llation of carbon.lte det ritus il~ the 
st~me llIftnncl' as With other clastIC sediments; and chemicftl precipita-
lOn. 

. The above t.ypes may be alterecl to dolom'ites or clolomitizetl lime
sto.nes by repl~cel1lent of part of the caleiull: enl'!)Olln t e by lllngnesillm 
C~l bOJlat.~. LUllestOIl?s. lllay also be deposIted 111 In.kcs or strenms or 
fIOn.~ spnngs . Iml?untlCs ~uclt as sand, dny, iron o:\.icle , or other 
d~t'l1tus may be mIxed. or mterbedded with t,he calcareous l11aterinl. 
~1~lest.OJles are nalll.rd, 111 pa.rt, 011 t.he bftsis of these impurities , Thus 
sil~~e~!1s or cJ~ert.! lImestones ?on~ain cOl~siderable quantiti es of silica; 
fell U",lllOUS ~lllle~ t ones con Lam Iron oXides; and argill aceous lime
ston.es contmn cla.y or shale, 

.LlIl1Cstonys nre al~o clnssified aceOl.'ding to thpir phys iea l chnnll:tel'. 
~lthogJ'fl.T!l,lle stone !~ a very fine-gl'!ll1wd .crystalline \-nriet.'-, deri\-illg 
~ts nllJl10 110m on,e of ItS early uses for makIng htltogra.phs. Tm \"('I't ine 
IS a banded ynnety of carbonate rock Ihn t has bren (jppositf'd frolll 
~round or ~uJ'fnee Wflle1' or fro,m .1lOL springs. TIs plensanlly Yllrir
",ftLC'cl eolollng and. ea::,e of POllShl11g lllakes the tnl.\"rrt in c !!I'nC'ril.JJy 
m~re valul1bl~' ns b1l11dlll~ StOIlC' than for its calcillill carbonnt(:-'colltellt. 
\\ n::,t.0 l1latC1'~;11 from tran']'t inC' quaITies is l1lnrk(,tl'd n5 chichn j'C'f'd 
agl'l('ulturHllll11e~tonc, find for the mnnufneture of Ji1l1e. ' 

In l\'[Ollt nllil , 11111 estol1e is foulld in strntn. or nearly n -elT o'('o ]oO'il' 
rgc .. H~wc~';r" thre~~ unit.s o.f ~')all'ozoie age lHL' the ill:1jor 'so~lr(, l's"'o f 
lJne::;~01~c .. . 1.hLse aI(' the Mlsf;!O n Cnllyon f1nd LOc\gl'POIe lil11('stOlll'S 

of l\11f'SISSIP1?l!lJ1 age, Ilnd t.ll(' l\[Cl1ghN li11lestnn(' of C:l111hrinll HO'l' 
EXPOSll!'{'S 01 these units fin', eon fill cd . to the cell t nl1 nnd \\"e5tel'11 p~rt, 
of the Statl'; youllger rocks fOI'Ill fI t-Illek cnyc!' to the e[lst (fig. 2-1),2 

• NOT>J.-Fig\l\,c indicatcd npPCllrs us n 1'olclcd mill' Ilt the rcar of this do clIlllcn t. 
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Tlle :Mission Canyon limcstone is HI e most import.ant so urce of 
high-purity limestone in Ivfon~an:l, and crops out in mallY pLtccs ill th e 
w('s tern part of the St.ate. It clwnlcterisLic:tlly cont,lins more th an 
9;j perccnt CaC03 . At Limcspur (fig. 1, loeality No.7) where t.b e 
lillH'stone \ \':IS quarried for flux for LllC Dutte smelters nnd for s llgnr 
refining, the calcium carhonate content exceeds 90 p('reellt (P('J']'Y, 
Hl'19, p. -10). At. Sappington (Ko. 8), where the rock was qU:lrriccl fo]' 
usc ill sugl1l' refining, ILnd I1t Elliston (No. 5), wh('n~ ]'ock is CUlTPll tly 
produced for tllC m n.nufa ct ure of lim e, til e c-nleium carbonate content 
excl'cds 9S perccnt. Good qunlity linH'stouc is !tlso fou nd in nort11-
\\·cs(. Montnnn at the Stahl quarry neHr Hoos\'illc (No.1). . 

Th e Lodgcpole limestonc ('ontains thin-bedded limestone, int er
b('ddccl with 'chert and shulE'. Its composition is suitabl e for cement 
mallufactu]'c, nnd the Ideal Cement Co., is quarry-iner it for that pur-
pose ;It. Trident (No. 10). - b 

Cnmbri:111 carbonate formations in lVIontana lIre commonly dolo
mitic in composition, but the IVfengher limest.one is in pbces a very 
pure limestone. J n the Helena-',f0\vnsend rpgion t.he magnesium 
carbonatc' content. of the l'.1eaghel' IS less than 3 percent (Perry, ]949, 
p . 39). Hanson 0952, p. 15) stil,(es, "East of a lin e connecting Ennis 
and 'Yhi tellllll, the lVIeagher formation is entirely limestone, whereas 
\\·cst. of n line connecting Butte and the Upper Ruby Valley it is 
entirch- dolomitic.' Between these two nrellS there is a transit.ion 
zon e of intermediate composition. 

The upper part of the l'vIellgher is clmrncteristically mottled in dark 
gl'lly or b1:'CI;:: and bufl' anel is somet.in1('s termed "black and gold 
llllll'hlc ." A quarry in the Limestone Hills north of RadershUl'''' 
(1'10.9) \\'as opcrateCl for a time by the Vermont Marble Co. Polished 
slabs for facin g work werc marketed under t.he llamn "Egyptain 
Limc'stone. " The quarry has not been operat ed in recent. yea.rs. 

The 2I.Jeagher limestone is quarried at two locnlities east and south 
of Helena. At IvIaronick (No. 14) it is quarried for flux for the 
AlIJericlU1 Smel ting Refining Co. plant a.t East Helena. A few miles 
to the \\"est it will be quarried for cement rock in the new plant of the 
Perll1anente Cement Co. (No. 13). 

Other potentially important Paleozoic carbonate formations include 
the Pilgrim dolomite, the Dig Horn dolomite, the JefIerson dolomite, 
and the Ellis formation (Perry, 1949, p. 32) . These limestones are 
suitable fo\' lime m anufacture, but they are not likely to be sought 
becn usc adequate limestone is generally available in more accessible 
10c;Jlit.ies. 1 n addition, beds of impure limestone are found in Precam
brian (Delt. series), Mesozoic (Cretaceous), and Ceno7.0ic ('l'ertia ry
Quaternary) sedimentary rocks. In tbe northwestel'll and extreme 
western parts of ::vIontana and in the Belt .Mountains in the central 
j)1l]'t of the Stitte, great thicknesses of rocks of tile Belt series are 
fOUIld. The calctHeous form ations of this series are the Helella, th e 
'Ynllace or Newln.nd, the Siyeh, and the AlLyn formations. Assn,y 
reports by ,Johns (19GO and 19(1) show that tile calcareous rocks of 
the Dclt. scries in northwestern ~{ontana gellemlly average n.bout 44 
percent. si li ca, 10 pcrcent n.lumina, between 40 n.nd 50 percent caJciull1 
carbonate, lInd 4 p ercent magnesium cm'bonate. 

Also of potential value aillong- Precn,rnbrin.n calca,reous deposits 
fire the llia ssi\"e m arbles of tlte Cherry Creek group exposeu ill the low 
foothill:; of Ruby Range southensL of Dilloll, in the vicinity of Virgillia 
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City, in the low foothills of the Gravelly Rnn"e 1.5 IlJiles so uth of 
Ennis,. and in t~l~ Bridgcl' Range 5 miles ,norll :" of Bozeillan. They 
ran.ge lD composlLlOll from nen.rly purc calcIte to nea rly pure dololllite. 
Thlcknesscs rn.nge up to 800 fcct . South of Enllis t.here is an n. reft of 
mnr.nesium-benring mnrble about. 2 miles wid e and ;) miles lon(~ in 
whi cb th e strata stnnel nearly vertical (Perry, ] 9,19, p. 33). b 

The only important ).1esozoic limestone is tllc g,tst ropocilimcs lon e 
member of tbe Cretaceous Kootenai formati on. Tlli,; memb er is 
present in southwestern :Montana and mnges in .. 'kness from 10 
to 75 feet (Perry, 1949, p. 22); it has been qu a rrip JI) I' lime burning 
near Dl'1~mmond (No. 3~. Recent assays of n. grab sample from th e 
quarry SIte show a calc111m carbonate content of 87 percent; mag
nesium cal·bonfl.te, 2 percent; insolubles, 9.38 percent; and alumina, 
1.13 percent. . 

Cenozoic travertines of hot spring origin in l\fontanl1 l1,re b eli eved 
to be of late Tertiary or early Quatel'llfU'Y age (Perry, ID49 ,p. 3:2). 
Two large, unusually pure deposits have been develol)ecl, and scvernl 
~maller oceu~rences are known . The more important of these deposits 
IS near Gardmer (No. 16) (Mansfield, 1933, p. 7). It is being quarried 
by the :Montana Travertine Co. for use as int erior and exterior 
deeomtive building stone. 

Rock from the Gardiner quarry is used for building and ornamental 
stone, though the rock is ehemica.lly suitable for the mallufacture of 
lim~ and chemical compounds , A typical n.nalysis of the stone is : 
calcIUm carbonate, 95 percent; magnesium cm'bonate, 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 
:Moccasin .Mountains of central Montana, north and west of Lewis
to:vn (No, 19). Th~ deposit,is contained in a.n a.rea of about G scplnre 
miles and has a maxunum thIckness of 250 feet (Calvert, 1909, p. 3G) 
and is presently being quarried for building stone, but it is 1I1so suitahle 
for many uses requiring pure high-calcium carbonn.te rock. Other 
undeveloped travertine deposits occur in the geneml area north and 
east of Lewistown (Perry, 1949 , p. 42). 

MANGANESE 

(By William C. Prinz, U.S. Gcological SurYCY, ,,'nshingtoll, D.C .) 

Manganese is indispensable in the production of steel and is t.hus 
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 st.eel. Some is also used liS n.n alloyino
metal in high-strength steels. )'10re than 95 percent of the mn.ngancs~ 
consumed in the United States is for metllllurgieal purposes ; the 
remainder is used, geneI'I'tlly as oxide ore or concentmt e, 11S the de
polarizer in dry-cell bn,ttel'ies, ill the manufacture of man gnnese chemi
cals, as a drying agent in pn.ints and varnishes, as a pigment 01' to 
neutralize the effects of iron in gln.ssmaking find ceramics, nnd in tIle 
leaching of uranium ores. 

Manganese occurs in a variety of minerals in the el'tl't.h's crust, 
but insofn.r n.s ore deposits arc eo ncerncd only two types are important: 
(1) the ma.ngn.nese oxide minel'llls , which llre too numerous to mention 
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miles ('n sL('rly from Big nnd Kin gsbll1' t. L nk('s. Four of (.Iw lakes 
lis t-cd lw low sho,,· thi ck erll s (s nnd conc('n(rati olls o f ('rysktls ill llluci 
which ~Ug~~st .. t.h e possible CXi::; tCll C(' of P('I'111 :\l I(' 111 (']':'·,; ti ll Iwds of 
eCOllOJl lle slglllfica nce ; bo\\' c \'cr ns ye t no drillill (f lI ns \) ee]) dOlle to 
verify this. '. " . 

Name Al :::.o knowll as LorJt ioll 

" ' IJiI ¥ 1,a1;e ... ..... Teal L ukc ..... . .. . !lOO acre·s . ... . .. .. . S.!(·s. 2. :1. 10. :1 11 (1 II. '1 ' .?2 ~., It. 10 K 
L ost _I: \k(! _ _ _ ___ ____ __________ __ __ ___ ___ I LiOacr('~ _____ __ . __ f' l'C . ~I. ' I '. ?!. ~ .. H. )Q E . 
Big ].;:lkp _ _ ____ ___ __ Crane L nkl' __ ____ _ 2 s(lIurc mill's __ ___ SeC's. 2.~ . '21;. : ~ ,i, !Inri ~r" T. 2~~ N., n. 10 E . 
Killgsllur t Lake .. . . ~la lbru ],akc ... .. 1.8 squ:tre m iles ... Sccs. 17, IS, In, a lld 20, 'I'. 2~ N. , n. II E . 

The 1'eSE' r\'E'S of these deposit s CllllnoL oe es tima lcd from Lite present 
state or kllowlccl~e . . 

In S}l(~riclH]) County intcrillilt r llt soda lakes forlll part of a, cha.in 
ext endlll g from Snskalt..:hemln thro ugh nort hCHs te l'll :\JOl1t a n:1. il1Lo 
~orth Dnkotit. . These .l nkc·s . . 0ccuPY shallo \">" ullcirnin C'd cl cp)'C'ssiolls 
m eh c\1lnC'lwnys m gl:1cl<ll dnlt. Su li'ale snJt s nre dc posited as th e 
:vnlr.r CYflporaJes . dUrin g Lhe hot SUllllller lIloIllhs . Silllilar clepm:;its 
JJ1 C~nnd !L and i\ol'th Dfl.kola. IHl\·e been thoroughly exn.mincd and 
descl'locd (Col~, 19?G; Dlllyon, 195?; '\Yitkind, 1959) . There are 
some GG lakes III Shenclun Count.\' Illos t of which nre intenniLLent 
Some contain depos its of sodium s u'lfa te Lha !. WtllTHnt further inves ti~ 
gatiolls (Sahinen, 1956), but ollly 2 have bcen described in detail 
(Binyon, 1952; ',ilblld, 1959) . Billyon (H152 , p. 34) indicat es a 
rCS('1'Ye of 2,824,000 tons for S .E. B r ush L ake and 3 f;13 000 Lons for 
W r s tby B. Lnke, thc la tter partly in ~Ion tuna fillel ' pflrLly in N o1'tl1 
D akota. 

S.E. Brush Lake in secs. 26, 27,34, and 35, T. 33 N. , R. 58 E. (313 
acres) };fiS a permnnent ?rysLal bed 5.G5 [eel. thi ck with 77.41. percent 
gl:,tuber s salt (commerelfll terlll for sodIUm sulfa te). This beel con
tams 2,710,000 tons of saIL; flnother 113,000 tOilS is cont.ained in a 
mixLure of salt and mud a few incb es above find below the permanent 
bed. 

vVes tby B. Lake in sec. 12, T. 36 N., R. 58 E. has an area of 386 
acres, one-third of which is ill1Ionta lla and two-thirds in North Dfl,koLfl. 
The lake has fl permanenL crys tnl beel whiC'h is aL leas t 0 fee l, Lhick. 

R escr ves for the cn tire la ke nre estimnted (Binyon , 1952, p. 2L1) at 
3,677 ,000 tons for the drilled portion of the perm anenL bed and 13G 000 
tons in about 1 foot of ~)i xed mud and crys tHls overlying the per
man en t oed . About n Liurd of th e rescn ' cs , or 1,270,000 LOllS should 
underlie the .Montana portion of Lhe lake. ' 

Other lakes ill this firea t.hn,t might be possible sources of sodium 
sulfa te li e in sec. 13, T. 30 N. , n. 58 E ., just west of W estby B. L :l,ke 
find the lake in secs. 24 and 25, T. 30 ~., R. 58 E., south of the town 
of W('s t!>y. 

L fl kcs Ilorth\\·es t of thcse, nenr Sybouts , Snslm tdlCWltll have been 
worked for sodi.llll1 sulfate find there is no apparenL reas~n why the 
!viont,fllla depos Jt s could .n0~ niso bc worked to supply th e pap er pulp 
Indus try to the wcs t.. LIgmtc coal for power and processin rr Lite sa.lL 
is plcn t.i[ ul in the arca. '" 
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STONE 
(By J. :-''1. Ch C'lilli, ~IOllln ll :l Bu reau of :-'fi IH'" :lIJd G(·olo).(y, H lltt(· , :-'fonl.) 

Dimellsion sloll e and r n lsh ed nnd brok en s tone nrr th e' p r in cipal 
products of the stOll e indus tr~· . Dim ension StOIl C cons is ts of IwtllrnJ 

blocks or sla!>s tllaL nre cut to definitc shapes 0 1' s i"es (K c.\·, 19fiOb, 
p. 794). Crushed tl nd broken s tone consis ts of large ir rcg lll:t l' f1':\ ~
ments of ro ck uSllally mined or quarri ed and crushed or g roun d (0 
small er size (Key, 1960b, p. 804) . Tbe rt1'\· Ill l1 teri ,1l for th e slon e 
inclustry includ es igneous , m etamorphic, and sedim ent/u' \' roeks . 
The principal yarieties of rock used for dimens ion sto ne are lii11es ton e, 
granite, andmnrble, wlwreas m a ny kinds of rock nre used fo r cnl shed 
and broken stone. Broc1d cl ass ifi efitioll s nre "traprock," \\'hieh in th e 
trade is considered to be all da rk den sE' fine-graincd ig neou s roeks ; nnd 
"granite," which includ es nll the lighter colored, coa r::;er rrminr.d 
igneous rocks. Gn eiss , a metamorphic rock, is uswdly group~d wi th 
gn1lliLe. Sandstone nncl qu artzite are locally used in l n r~e amou nts . 
Lim es tone, I. calcareous rock thaL includes dolomit e and m a rble', is 
used in great quanlities for fluxing in smelt ers and in th E' m nnufa cture 
of l ime. Of the crushed stone produced, nea rl~· 7;") perc ent is lime
stone, 8 percent. is tn.prock, 6 percent is granite; th e remainder is 
s[),ncls tone nnd miscellaneous rock types. 

Dimension slone for interior use must be attrl1('(iYe in color and 
texLul'e, htlye reasonnble s trength, and I'rsis t abrasion Hnd cleanin~ 
solutions. For ext.erior lIse where it \yill he subj ec t ell to we,!thering , 
it mus t possess, in addition, resistance to s lresses seL up b~· repea ted 
expa.nsion nnd contraction, and resis tance to chemic,lls naturally 
present or introduced into the ntmosphere. T c::;lS 11l1Y e l) een deviseel 
by t.he Bureau of Stnndarcls to determine th ese propert ies as well as 
the physical properties of toughness, elasticity, nnd den sity (Kessler 
and othcl13, 1940 and 1927). 

Physieitl fentmE's of roel,s th a t del('rmin('. thrir usdulncss as di-
mension stone illclude jointing , sedimentary lnYC'l'ing , and s ('condary 
cl eava.gc. Thrse arc planes of weakn ess that inOu r l1ce thr size and 
shape of thc hlo('.ks tlll!t can be qUHlTied . If propr rly dis tributed 
they may faeilitnte qunrrying; if not , th ey may prohibit extrn ction of 
hlr~e-sized blocks. 

Thc prineipnl uses of dimension ston e are ill ('xt erior and int('l'ior 
walls , winclo\vsills , slr ps, fircplaces, piers , columns, trim , wainscollt
ing, floorin g , Hlld ornamental st.ru ctures such as nrches . A large 
market. hilS b C'e n developed in recent years for " split s tO]) C, " " s trip 
stone," ashlnr. Hnd rubblc as ven eer on resid enccs and oth er sm;)ll 
buildings . Othcr importanL uses nre for monull1cnts, curbing, 
flagg ing , pllyillg, and rooflng (CurriN , 1900, p. 7) . 

''rhe prineip:tl uSe'S for l'l'ushed and I>l'Okrn stone HI'(' for eoncrl'le 
agg regatr , 1'0:)(1 s tone, I1nd r:!ilroad 11111las t; ho\\·e\"C'r, lnrge quantities 
arc us('d in ripl'l1p nnd terl'llZZO. 

Rigid requin'lHents by consuming indus tri es haH' produccd ll1l\lIy 
difrer(,ltl, s p('cifi.C'ltions (or crushed s Lone; therefore, rdl'l'encc is Illndc 
to report s of t he following orga 11 iZl1 t ions : .\ Jll criClll1 . \ ssocin t ion o( 
'State Higll\\·a)· Om('inls , AJll('riean Hondbuil<l ers Associa tion, and 
U.S. De]lnrtll1('nt of Conllll ercC' . 

In 1 Oli I the vnlu e or dim ens ion s tone sold or used by produeers ill 
the United States \\"!1S S88 ,093,000; th e vnlu(' of erusheu llncl broken 
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sLolle was $862,467,000; and Llle yalue for all sLolle wns $950,5GO,OOO 
(CoLLer ILnd J?nSell, 1961, p. 1139). During Lhe same yellr, IvlouLnna 
sLOlle P~'oductlOn was worth $1,849,000, or oIlly about 0.2 percent of 
the nutlOnal tot.aI. 

N ulI~el'Ous varieties of rock sui ta ble for dimension stone can be 
found 111 many parts of the State, and stone hus bC'('1I qun,rried in the 
State f.or many ycars. However, not uncommonly a dimcnsion-stonc 
qun,rry WftS op?n~d to produce stone for a speeiflc project, and then 
abandoncd. Sun~lnrly, aballdoned crushed and brokell stone quarries 
are numerous .owm.g ~o the plentiful and widespread occurrences of 
the raw matel'Ial wlthm the S~ate. Fo~ economic reasons, producers 
m ove porl.able pbnts to new sItes as eXlsting markets shift. 

At rresent, s~ndstone and quartzite for crushed and broken stone 
arc beJJ~~ qUl~1'l~lC1 by :rictor Chemica.l ~orks i!1 Beftverhead County 
(fif 39,. locality No.1), by Rus~ken :\fll1~ng Co. JJl Deer Lodge County 
(No.2), b.y Ideal .Cem.cnt Co. 1Il Gallatll1 County (No.3); by Lyons 
Co~structlOll 90. 1Il 1'flssoula County (No.4); by the Grea t N ol'theI'll 
Rnilway Co. III Cascade County (1\0. 5) and in Flathead County 
(~o. 6); al1~ by the.NoI:thern Pacific Railroad in Park County (No.7) . 
Llmestone IS quarned m a number of counties in western Mon tana 
(See chapter 011 Limestone.) . 

Sandstone and q,uart.zite are qunrried for dimension stone by Mon
ta~a Stone, Inc., 111 two qunn:lCs ncar Ne.ih.art in Cascade County 
(Nos. 8 und 9). At these qUfLlTlCS a very brrllHLllt tan Lo maroon, and 
tnn a,nd mar?on banded ashlar and flagstone are produced. The 
q?arnes are I.n the l~lathead quartzite of Cambrian age. A green 
pIcture slate IS quarJ'Jed by the same compa.ny in Lewis and Cln.rk 
County (No. 10). T.he Sesco Co. is quarrying a tan n,nd chocolate
br~)\vn banded quartzIte from the Striped Peak formation of Pre-cam
bnan al?e near Thompson Falls (No. 11). 

Gramte for .t~e manufacture of ~onull1ents is quarried intermit
tently. by Tr~vllllOn-Johnson 1~cmonals Co. from three quarries within 
!1 5-11111e. radIUS of eac~l other 111 Jefferson County (No. 12). Granite 
IS quarrred near. Gardmer, Parl~ County (No. 13) , by the Livingston 
!'1arble & Gralllte Works. Tlus same company quarries travertine 
~Jl the same area for manufacture of rubble,. ashlar, and polished build
mg stone. (See Chapter on limestone.) 
. Tmvertin~ is also quarried ncar Gardiner by the .Montnna Traver

tll1e Co., whICh produccs at present only rubble for exterior and interior 
veneer. Montana Stone, Inc., quarries travertine nort.hwest of Lewis
town for manufacture of rubble (Ko. 14). 

SULFUR 
(By C. E. Erdmann, U.S. Geological Survey, Great Falls, Mont., and U. M. 

Saliincll, l\fontana Bureau of Mines and Geology, Bu!.tc, ]\fon!..) 

Sulfur is ~ nonmetallic. element t~at constit~tes only O.OG percent 
of ~he earth s crust, ye!' IS found wldespread ll1 nature, both in the 
natl\,:e f01'1ll and in cornbinn.tioll \\"ith other minerals. Chief COIl1-
meI:clHl sOl~rces are fl:OIll deposits of native sulfur, from hydrogen 
sulfIde. (H2S) gas flssocutted With natural gas and petrolPulll and frolll 
111?t,alllc sulfide orcs such as pyrite (1<'eS2). A potential ~OUl'CC not 
utlhz~d at. present arc the very large and w.idesprel~cl sedimentary 
depOSIts 01 gypsum (CaS04·21I20) and anhydnte (Ca~04)' 

. " ll\' O'l'l~.-l" I!:ure Indicatcd appears as a foldcd map nt the rear of this document. 
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The uses of sulfur are so ·widespre.:Ld and important that it is often 
mentioned as an inclic~llor of economic development.. L argcs t. con
sumer is the fertiliz E' r industry, which like the chemical, pelrolr.llll1, 
ra,yon, and steel inclu:strics, uses it in the form of sulfuric acid (TI2SO.;). 
LarO'e amount.s are u:sed by the paper industry [or sulfite pulp, aneI 
the binsecticide and rubber industries arc major users of elemenlal 
sulfur. Annual consumption of sulfur in the United StaLes in recell!, 
years has genernlly bE'C' 1l in excess of 5 million long tons. 

No commercial deposits of native sulfur are known in Montnlla, 
although small occurrencE'S have ber.n noted in a few places. l\lon
tuna has produced important quantities of sulfuric acid from met allic. 
ores, bo·wever. ' 11etnllic sulfides are fou nd in every mining distri ct 
in tbe State, and as the orcs from these districts are smelted, the 
sulfur is driven off as sulfur dioxide, whic.b is recovered and mallU
factured into sulfuric acid. The Butte district provides by far the' 
greater bulk of the orE'S smelted at Anac.onda, :\font. Sulfuric nci(i 
produced there was form erly used at the plant in the manufacture of 
treble superphosphate fertilizer; but since Anaconda has ceased 
fertilizer manufactm'e, the acid is marketed as such in tank Cllrs, and 
much, if not all of · it, finds its way into fertilizer industry in oLher 
States. 

Up until 1959 pyrite concentro,te from low-grade pyrit.ic ores from 
the Butte dist.rict was made at Anaconda at a rate of about 50,000 
long tons of equi,alent pyrite annually. Product.ion ceased after 
1959 because of no intracompany demand for sulfuric acid. 

Deposits of p)'Titic orcs outside of the Butte dist.rict haye bC'en 
suggested as possible sources o[ sulfur for sulfuric .acid,. but to date 
no investigation has proceeded to the stage of dclmeatmg any such 
deposits. 

In Montana there are extensive deposits of gypsum and anhydrite 
(calcium sulfate) interbedded with Paleozoic and :Mesozoic stmta, 
and deposits of sodium sulfate occur in intermittent lakes of Chouteau 
County in central 1fontana and in Sheridan County in northeastern 
Montana; but these materials are vaJuable minel'lll commodities in 
their own right and are not utilized as sources of sulfur or sulfuric 
acid. 

Large quant.ities of hydrogen sulfide gas (containing 94.1 percent 
sulfur) are found in nat.ural gas from some of :.\fontana's gusfiC'lds . 
Becnuse of its highlY to;\.-ie nature and unpleasant odor, it must be 
removed before mni:keting the gns for domestic or industrial con
sumption when the concent.ration reaches 0.04 percent. Gas t.hat 
contains more than this is known as sour gas. 

Much of the petroleum and natuml gas from t.he Pnleozoic forma
tions in the Rock~' 1fountain area contnins hydrogen sulfide, and 
where present in sufficiE'nt amount. it. has become an important source 
of elemental sulfur. Concen trl1 t.ions nrc highly Yilria bIe, eycn from 
plnce to pbce in the same forllliltion 01' l'esC'l'Yoir, nncl rllnge from 
tmces to 1110re than 16 per'cent in the Tenslecp snlldstone at Elk 
Basin oilfiE'ld ill Carbon County. On t,be whole, in :\[ontnlla they lIrc 
decidecl1y low. Those n vailnble from the :\ r ILdison (:'\fission CanyolI) 
limestone in Kevin-Sunburst Dome in Toole COllllty, for rXlllllpk, 
ranO'e from 0.OG9 to 3.73 pel'l'C'llt. in the Rim Rock pool. The g-as 
nss;cillted wit.h the 11ississippian, Silurilll1, and Ordovician oil on 
Cednr Creek nnticline in the soutlleastem part of the Stllte is for t.he 
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