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OF THE CO[\TR D' ALEt'J:;; MINING DISTRICT 

~Jm AD.rA.C~NT AREAS 

Prec:;::T1bri.~n Layered Rocks 

and Precambrian an:.: f-le so'Zoic Diabase-Diorite Intrusions 

ABSTRACT 

Rocks of the volcanogenic-sedimentary western facies within the area of 

Fig. 1 comprise strongly deformed and metamorphosed eugeosynclinal-type volcanics 

and clastics of Carboniferous and Mesozoic age overlying sedimentary rocks of 

Precambrian and Lower Paleozoic age. 

The sedL~entary eastern facies comprise slightly to moderately met-

ffiiiorphosed miogeosynclinal-typ'= Belt (Purcell) and Hindermere series* in 

places overlain by Lower Paleozoic strata. Precambrian diabase-diorite 

sills, and dikes, called Moyie :. f rusic~r:: $ .are COIr'unon. Mesozoic diabase-

diorite dikes 11 emplaced after ·~:i.)r.:l:". foldi'(Jg, are common in northwestern 

Montana and northern Idaho. 

Sedimentary rocks of nor:;;-: '!rn Idaho are Precambrian and Cenozoic with 

the oxception of a few downfaul'::,ed blocks of LOlJer paleozoic strata, and 

remnants of a LO"oler Paleozoic or Carboniferous conglomerate found in 

limited areas. In northwestern Montana the present erosion surface cuts 

* The i-l'I'iter conforms, under pr.)tes'c, to 'che custom of applying the term 
11 series 11 to the Belt .sequence. 



across large areas of Procamb!." i.~.n seoi11 ~n'::'ary rock, but in places there are 

found downfaulted blocks of Lc.:,;r Paleozoic strata, or Lower Paleozoic strata 

lying on Precambrian Belt seri~::: c.nd ;:;:)parated fram the latter by a dis-

conformity or small angular uncrnf'ormity. In Canada and northeastern Washing-

ton the Prccarob::'''ian l..Jindenne!',_ . 8 :;: iec ov<...:cJ.ie the Precambrian Purcell (Belt) 

with a disconfonnity or small ::_: .. 6ulal.~ uf:0onforni t y. Near Kootenay Lake, B.C., 

upper Windcr;nore strata ara g::~ Sot i OT'c.l -=.nto Catllbrian formations. In other 

places the Cambrian lies on l'!:':l:el"'mel~C n:l.t h a disconfonnity or small angUlar 

unconformit:r. 

CanaQi~n geologists regard the Purcell-Windermere break as of greater 

t ectonic L'i1portance than the Fi~denne:!\~-Cambrian one . HOl18vez-, in north-

C<l.stc::·n 1'lacbington tha 1iinderIn0:re-Cambrian braak appears to be of at least 

equal impo~~anco . 

BaIt (Purcsll) formations "Vlere deposited during the Middle and ear1y-
./ 

Uppe~ P:roJ"erozoic E)r'a, but the oldest formation is at least late-Lower 

Prote~o~oic. The rocks range i n age fran 800-1,600 m.y. or older. Windermere 

recks ar .::J latest Proterozoic, ranging ill age from 600-800 m.y. 

!·;oyie intro::;iens WC:l"a injected in at least three stages: Early intrusions 

wore cinp1acod at the end of the Lower Proterozoic. Intermediat stage in-

t ? asions ware emplaced at the end of the Middle Proterozoic. Lata stag a 

intrusions accOo.llpanied the East Kootenay orogeny during the middle - to 1ate-

Upper Proterozoic. .. ... ... -

Al'rrphibolization has af'fe[.t.·3d' all the diabase-dion ta intrusions. 

U~a1it:zation converted some ?yroxene to amphibole during a stage of lats-

magmatio crystallization. A second ~mve of amphibo1ization affected thoSG 
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diabase intrusions located i n ( ;.~ near areas that l~'ere invaded by Mesozoic ' :'. " 

granitic plutons. This resulted from static thermal metamorphism aided by 

ma~natic emanations . High ~~ade amphibclization occurred only in areas of 

strong regional metamorphism and gra~itization in or near the eugeosyncline. 

In areas of ora mineralization hydrothermal al torati,on was superimposed 

upon amphibolization. Feldspars lITera decomposed to clay and calcite, and 

ferrcrnagnaei an minel"2.ls ~1ara replaced by chlorite . Tbat the diabase-diotite 
'. 

int~~sio~s, including t ho Mesozoic dikes , antedate the ora mineralization 

is indicated by the fact that they have boe~ extensivo17 mineralized by 

S_CC,Ohd~:;-y '" (.1-.e '.,. epigenetic) su.Lfide s. 

THE VOLCANOOENIC-SED.u'1ENTARY VFl!STERN FACIES 

V~::,:~:::'~1 the ~rea of interc~t of this study, Fig. 1, the rocks of the , ...-

't.JQ 5tG:'~ r .... cies lio close to t be augeosyncline-miogeosync1ine boundary. 

?:1ey ShO't-1 SCIi46 features charo.oteristic of both the t1EuU and the ''Mion. 

II:::r.eC:i:lt o ly ~;es"G of tho Eu-Mio boundary, as dr~,;m on Fig. 1, are found 

:;;':'CC= cc~taining miQgcosy:lcli'~<:1-t7pe strata, but these are ovc::"lain by 

strat~ of tbe Gugoosynclinal facies. Precambrian rocks of the Windermere 

sorics (in Canada), Belt and l'Jindermero (in Washington), "and Belt (in Idaho) 

c;.r~ p:"oscnt . These are overlain '5.."\ pla.ces· by argillites,"graywackes,.:; guartzites, 

lir.lostonss, slates, phyllites and schi5'~S of L01~er Paleozoio age; and by 

cugecsjUclinal-typa sediments e,nd volcanics of Carbo~iforous, Triassic and 

Jm.,"a.ssic ago . The rocks are :~:;r the :-t1ost part strongly deformed and severely 

. . , 
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metamorphosed and granitized. Schists~ gneisses, and metasomatio and igneous 

granites are wid spread (10) (11) (12) (33) (34) (41) (45) (60) (61). 

THE S.mn 1ENTAi.rr EASTEHN FACIES 

The sedimentary eastern f"".~:i.es "\.-:'ithin the area of Fig. 1, are composed 

of Precambz--lan and early Palc(.zoic rocks .. Hiddle and late Paleozoic" and 

110sozoic sediments itber were not deposited 01" they have since been eroded 

atm.y. The facies is not chart i~' erizec by bas ic volcanics , although small 

amounts of such volcanic rockc "re fou('ld in li.r:lited areas. For example the 

Purcell a~d Irene volcanics o~ s outheastern British Columbia , and similar 

volcanics i~ upper Belt formations of GLacier Park. and on the divide between 

Ya~k and Kootenai rivers in r;'::,~'h~:e5tcrn Hontana, and the Leola volcanics of 

norl.c~::;tCr:l 'Hashington. These arG all of Precambrian age. Large basic 

sills ~r:. d some dikes are conlY" 1, ho~,?~' .:'::-'" especi a lly in southeastern Briti~h 

ColUllibia, ::o:'"'.:.:-:or-a Idaho" ano ~l''):i.~thw-dstern Hontana. These were designated 

Moyie :::'''ti"'"..::;;ic~s by Reesor (it .», Basic dikes of Mesozoic age are also 

p:;:-eser:t. 

Of the sedimentary rocks e~~os~d at the surface most belong to the 

BaIt (Purcell) and ~~ndermere s Gr i es. The term Purcell is used in British 

Columbia in raference to rocks equivalent to those called Belt in the 

U.ited States. 

A. Belt (Purcell) and Windermere Series 

Most ~~iters apply the term "series" when discussing the Belt rocks. 

Soma use the terms "sories" and 1'SY'st~" intercbangeably in spi ta of the fact 
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that those terms have b0en 'Well defi ned in the literature . This situation 

apparently 1. dicates that the \; ~mc into:r-J'al rep11esented by the Belt sediments 

has Dcen considered by some iLVJstigCltoT3 as equivalent to an "epoch" of 

geologic;;.l time, and by other iC1v~stL~at,ors as equivalent to a "period". 

T;-e p:"ezent 'i'rri tor objects to tG9 cU:;":::'O:l1 of ap"91ying the term Ilsel'"ies" to 

the Belt s ·di."r.1ents on t he grou"d that t"~1G rocks represent a long interval 

of geosy=~linal deposition (57) (58) (5h). Gl~dually accumulating evidence 

shov,:; that Bolt oediJ.ilents ~13r.3 deposit0d tr..rcugbout most ~I1d perhaps al~ " 

o~ tho P:.:-c.te:"ozoic era . The i:,c::::. "sc:"ies il therefore ::hould not be applied 

-"1':.0 t::.3 3.J ... t rocks becauso it lacks su:'fioient rank. HO'tJevar, since the 

tc~"l11 "laG b",co:ne so strongly ont .... eT!cbed in·,i t he literature the writer will 

cO~fO~~9 undc~ p~otest, to th~s usage . 

&::";:, Purcell) formatioTl.3 consist of quartzites~ argillaceous or 

ccricitic quartzites, argilL .j :'l.nd .o :-,.:leo, liw,f argillaceous quartzites, 

and s~no 1~~o5ton8s . That i :~;'1ey .: :';; predominantly of tbe quartzite-

shalc-limestor:6 suite and aI'" ;rp"':'c ;:~ __ ::,' niogecsynclinal. Hany of the rocks 

a:;.'e co'lo:~ed hl light t ints fOr, '" ~3 g:..'._ c;n ~ gray j red and 'whi te j but dark 

color3 a:~3 not uncommon. They" are vrc11 consolidated but gene:".::11y only 

sligh-:';':-7 met::"'7lorphosed. In 5');":8 area:: th~ rock metamorphism ce. scazocely 

ba classed as intermediate grade diagenesis as defined 'by Dapples (7). 

The fOl.nations appear to be co~for.mable,l with gradational contacts, but 

it is po~sible that some disc mlformities exist especially. in 'upper units 

of the series. For example, the presence of occasiona~ pebbly horizons in 

S·~:o."iped Pe~ suggests the potsible preSeliCe of disco~rormities in that 

formatio~l. 

Nums:..'Ous Belt and Purce::.l sectioTiS varying frOin 30,000 ~iiO 40,000 feet 

in thickr.ess have been measul'sc (1) (h) (16) (L3) (h4) (L6) (h8) . The 
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thinnest sections appear to be in Shoshone and Kootenai counties of Idaho. 

Here the maximum recorded sections are 17,000 and 25,000 feet respectively 

(42) (55) (2). One of the most complete Beltian sections of Montana or 

I daho lJa::3 measured in the St. R~gis-Supcl'ior area. of Monta.na. A.B. Campbell 

has reported this cection as 

P:rec~bTic.n sedimentariE: .,,",1g::· ':.[';,::0 Bel t (Purcell) are found only in 

southeD-stcrn British Columbi;- .. C1 ::1('/C'.;:.,lstern Hashington . These are the 

Hindormere :;;erie~, n3.i11ed for <: J ·t:y-pe .:l:. ... J~ at LD.ke "toJ'inderrllere , B.C. (59)".'-

Wincc~ere rocks <: .... e l1i~GSpre c ~~ in t he big bend of the ' Columbia River north 

of Revc::::;~~oke, B.C . They are i' JUiJ d 0:1 the cst flank of ' the Purcell 

Mountains, b-.:·~ more especially 011 t he west flank and in' the SelKirk Mountains 

~ri1ere thoy rO:~.ll a broad arc-l:',\.3 band Elxtcnding southeast0::."ly fTom Revelstoke 

to Kootc~1ay Lake, thence southc::'l:r to t~lG International border and south-

troste:-ly into Fashington (10) _ A sectim1 of ~{1ndermere rocks 22,000 feet 

in thic.":.:.G::lS has been report",' .182.1" ~: Glson, B.G. (u5). 

E<:::. ... liezo students of Belt. ~ :loloc:· ,;; :_~r e convinced "~hat the various for-

ma-'lii01',"s aro s"tr-lldng_y persis' .. ;cnt ove-: ';i' ide al:'eas . Clapp and D0iss claimed 

to hc.vo tl';1ced the Net~land, S:x kane.? and Heler:.a forma'tions~and even the 

h::'gh.:::..' foreati o':lO of the Missoula group from Glacier Park to' southlvaro 

c:,yo:jd Missoula and from t he Icaho bOl~del' eastlvard to the Letrls and Clark 

~:·':'::lgo. They concluded tberefore that the Belt formations had been de-

p:".Jited as continuous sheets in relatively broad . troughs" I and not as inter-

l apping and restricted lenses in small isolated basins. Charles Deiss has 

st3ted that although the formations aTe locally thinned in different parts 

of l-l'~ ster;.7 Hontana, he could f i nd no case 6i ther of comple,te disappearance 

of a formation as a result of thinning, or of interlapping of formations (8). 
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Later students, doing de-::'~ 1 ~ ad i';or} ~ in liJni ted areas, have found marked 

later.:ll changes within shor'~ ,,'';' d :' ,?.nC E; J. Such changes are especially noticeable 

in the higher formations (46) . Cv ? ~033 states that no single formation has 

been traced throughout 't.;"os-Ge:.. ·~()~ t:; .. ; ;:nco th~t, "A basic concept in evolving 

a claDsification (of Belt for ;~ .:.i ' ns) b t hat later~l 'variation is so prevalent 

that units of formational l"Gn> cannot be assumed to be" recognizable very far 

from their type localities" (t!/ ). H.lT . Johns says that the Belt sediments 

have precented a mapping proble~ because of rapid facies changes latera~ly~ 

l~ck of ai~~ostic f033118, g8u~~~1 abSence of good marker beds, and general 

lack of ~CC~ exposures (24). In view of these difficulties, Ross prefers to, 

ta~:a tl:a grou,'p r::ther than the formation, as the essent.ial unit in strati­

gr~:)bic classification. 1:1 as cending order above the Prichard formation the ; 

gl~OU;:; aru; Ravalli, Piegan, Hissoula!) and North Boulder. He also plans to 

::;ubdiv':'de so:ne Belt fOrInntions into "many net'" formations" (47) i and this 

appea~~ to some field geologists as a rather frightening prospect . 

H c',;avc 1", con-elation of the more persistent formations across State and 

Na·c.io:1al boundaries can and should be ~ttempted, and it is hoped that v1hat 

i'ollc~7s will be conside::.'ed a contribution. In reading the section on stra.l'ci­

graphy it will be of help to refer to the correlation diagrmn attached bera~ 

with. (preceding p. 84). 

Some unresolved questions regard:l,ng Precambrian stratigrapby ar(;;: What 

is the time-stratigraphic position of the Windermere series as compared 

';'0 the Upper Beltian Missoula !;roup of Hontana? Is there a possibility that 

Gome rocks ttme-st~ati~cuphically equivalent to Windermere rn~ exist s~r.e­

,;,t:'lere in 'tV'estern l-!ontana? vlhat is the time-stratigrapbic position of the 

P.G19:ca, Marsh, and Gree':lbom Mountain formations as compared to the Misooula 

... .1 . ... . 
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group? wr.~t is the time value of the lipalian interval betvmen Belt and 

Cambrian rock;)? 

Stratigr~phic marke~ horizons are few in the Belt. The ~ewland for-

mation is so 'trldespread that it is used by many geologists as a key to 

regional co~relation. As Campball statcs~ it and its equivalent s retain · 

many of their characteristics throughout much of northern Idaho and north-

't~Gtc~ Montana (6). It has ~ distinctive light and dark banded appearance 

and c~lcaroous composit,ion. Its thiciG'wss is relatively constant 'tdth t .. e 

exccptio:J of ~ "'i:ihickened belt .c_:..-t.::ndi:Jg ::.lo:'lg the west flank of the }!ontana 

dOilia £':"'0::-' SUpCl"iDr to Libby> a.n d a t,1 inning of the formation at the eastern-

r.1o::;-"c, 0xt:.. .. ~JI.:.ties of Belti~i1 d::;:,,"osition, as at Neihart. 

Stripad Peak formation ha~: been foun d useful as a key in correlation 

The Purcell lavas are Ur;:. as r;c:" l .:"O::; rr.arkers in parts of British 

Columbia and Montana . But ca~o should be taken not to confuse these with 

the I.~ne and Leola volcanics of the Windermere series. Another difficulty 

vn.th the Purcell basalts is "t'1:::l; they consist of several flov.1s 't-1hich are 

not cO>1tinuous. Flows may be separated by up to 100 or l~O fee"c of sedi-

ment~l~~ rock. This is a dis~d~~ntage in close correlation because in a 

particular area the field man can not be certain as to exaotly which lava 

flow he is dealing with. ·:,' 

The Trene and Leola volcanics and their associated conglomerates are 

useful marker horizons in some areaB .. 
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1. Stratigraphy 

In Iebbo the fonnat ' .) 'z.: ~ i·r2. 't~'} t~1e exception of Striped Peak, are 

all of the 10':7e:- and mid elle I : - Fr-,-;k Calkins described the fonnations 

of t.o COOU:i." d i Alena dict,ric'~ , ,J) <l':" '-~ r.:. ~:t2d them. From oldest to youngest 

they ~e as fo11017s, with the .: ':{le,dia;:, equ}.valents shown in pal"entheses: 

Prichard (Aldl"idgc), Burke (C :. .:..;ton) , Revett (Creston), St. Regis (Creston), 

i.-Tallace (Kitchener) 9 and StriJ:9d Peak (S::'Y~8h). ?'1ese are shown in Fig~ 4!, 
~, ;.' 

Str~tie:-'::~-;:licu.lly the Pl~ic~urd is the lowest a. d oldest formation of 

tho Belt ::;c:."ic.; ':'n Idaho. Since the base of the fom.atio:1 has never been 

socn :1."1 t::e S'i:,~te it cannot be ;:;J.id l·n;:.'h certainty th~t othc:-, older fo1"-

matio::.:; GO •. ot u~derlie H.. I n t e Little Belt }iollntains near Neihart, 

Nontc.::a, a coarse grained, reddish qu:::--'Gzite undel"lies the Rav~lli group. 

'it::.::; :;oih:::i. ... ~ qua:"'czit:), which r .:;cts 0 :1 g:·c:nitic gneiss, could conceivably 

be ole.::· ·~han Pricharo (h7). Small exposures of qua1"'~zite s outh ' of 

PL1il::::",'ut::-g~ l:.::ra once supposed to be older "chan Prichard, but :. t is nOvI 

~:10UG::':; that these roc!re may belong to l,1issoula group . In t' e Crcnbroo1c 

r.:c.? a::-C;i of Br-ltish Columbia the Fort S'GGele formation coni'on'aably under-

:::'eo "c"hG Alch"idgG . This is the only area in v1hicb a formation d.annitely 

0:der ·:;h~:m P:4"ichcrd (A_d;ddge) can be obsez-ved. For-'c. Steele is over 7,000 

:[,'c, . thick, a.1d con:Jists of white and gray quartzite and argillite and black 

c1010:ni'~ic argillite . Green 01' reddish horizons or oonds are seen in some 

" . ". 

Honta:.'la geologists group t'ne Burke , Revett, and S'c. P.egis togathc:· 

under the nmTIS P~valli, and this is apprOximately equivalont to the Creston 

of Ca.1ada . Also~ in l,fontana the Wallace formation is known ao ·ell1and, 

" 



Piegan, or Siyeh, and ovorlyi.~g -this are Upper Belt formations known 001-

locJ~i"C"C17 8!3 the Missoula group~ Hm·j,.:;ve""', Piegan is sometimes described as 

oonDis~ing of Hallace or Newland and Str>iped Peak or its equivalents (47). 

Upp0~" Bolt (U?por Purcell) f0rm~tio· .8 are found over wide areas in 

!·j'oL'rkr:s and B:;,"~"ci~~1 Colw-:loia . St:.~iped Peak of Idaho is largely correlati va 

vnth red bed me."ilbo:,s of J~he lowu:';' l1i ssoula group~ of lvhioh the Miller Peak 

is "casal n:embcr. Therarora~ Striped pzak is the only formation of northern 

Id<:ho "C:~2:."v can propo:-ly be referred to t he Upper Belt. HO:ICvo::."lOl'in Canaoa:· 

the St :d~:8d P0ak (Siyeh) is oC!':8icer ed the uppel~aost formation of LO'O'ler 

Puree:l Ct.3). 

u; ~:;:'E:::;'C:7 G"c,c:.ted, the rod ::!:(ld g:c-ecn -canded Striped Peak and Siyeh, 

of l ci.:.:.o a".'1d Ccl"nc:d<l l'espectivc17,Y'" aTe CiPP1"oXhi1atcly equivalent to the red 

bed fO:'''Tiia-;;'ions of the lower Mis:::oula group . But the Siyeh of Glaciel" 

N~tic:~:::'l P<::.:.:'k is a dark gr'o.y Oi." bluish biack calcareous formation approxi.-

n:atal.Y cor-:<:llati va vn. th ~'7allaco and Newland. Thereforo 9 the Siyeh of }10ntana 

is not the same as t ':l9 S:lyeh of Cz.nada w~1ich is a nOll-calcareous, banded, 

groon and reddish argillaceous quartzit0. 

A lav.::. and tuff horizon known as P"tlrcell basalt, lies erG the top of the 
I 

Canadio.u Siyeh, and at t~e top of the Striped Peak in the Libby and Yaak River 

al:'Qas 0: }~ont,ana. The lava horizon consists of several flows of basalt 

inte:.:-:x:ddcd l-1it,h upper.nost Siy'eh strata. The top of tbeuppermost lava. now 

L~al': s -(,:1e to;> of the Siyeb (Striped Peak) formation (44). ' "In Cal'lada t~1a 

form:::tio. i.'l'i'.mediately overlyh!g Pm'celll basalt is the. D.ltch Creek, and 

:::DOV.,) t~:::.s the }!ount Nels on formation (59) (4s'). In the Libby distric'~ of 

!'·:ont:lTI::J. the formatio overlying the lava. is the greenish-gray Libby~ a'!'ld 

aC~OS3 this is carved the present erosion surface. Purcell basalts ar3 

/ 
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also found ~.rl. thi:n t he red bed fo:-mation of t he Lower Missoula group in Glacier 

Park. I mmediatoly above the volcanic~ lies the greenish-gray Shepard formation, 

311d this in turn is ~ . . +},e K ... .,....+·-.la (1.6 ) oJ.} \.I&..& .. ~ •• v u. The 'to1I'i ter sees no reason 

liny "chero should bo hesi"Gatic'j in co !.':;,~ol2.ting the red bed formation of lower 

Nis:::oula group Hit 1 teo Strip3C Peak of Idaho and the Libb7 district of 

I-IontanaJl and vn:i:;h the Siyeh ot Canec!:;.; ar.a the Shepard with at least the 

lo~·:er par"'~3 of t he Libby' and II'den Creek format.ions. G.B. Leech bas ex-

pressod tho opinion that Dutch Creek incl des everything from the top of the 

Purcell lava up a:ld "c,hrough t ",:e Kintla equivalent (31). If this is true 

then t1'.0 entire °iihickne s of Tvii3soula g-roupJl in Glacier Park~ is older than 

Mount Ncl~o~ fo:~ation of Canada . 

1-:0~":;C Nelson is probably the youngest formation of the Purcell sel"ies 

in C ~~ d~)l a:nd it is unconformably overlain by basal Windermare, ~ Maximum 

u.casured thich~ass of Dutch Creek and Mount Nelson combined is over 7~700 

feeoc (59) (h5). 

7:~c Windormere series ar.; separated from the underlying Purcell by a 

b;:-co.:: ~:-hic:'l in places is 311 ~~'1gular t!.~conformity:> but in other places a 

discc~fo:~ity. Canadian geologis~s ragard the Purcell-Windennere break as 

of gr.:;:.·c~~ tec-'"onic i mporiance than t he \{indermere-Cambrian one (31) .. 

J .. F. \':.:::.l::ezo bblieved that the Purcell formations had been slightly m ta-

mo:ophosod by diagenetic proce::ifeS prior to deposition of l.vindermere (59) 

In the vioinity of Nelson and Salrno , B.C. there are sections of Vinde:rmere 

rl:~asul"ing over 22, COO feet i n thic h-ness (45) (33) <3li). The series begins 

'tnth a basal congl~lerato whict in Canada is referred to as the Toby, but 

in nOl"'theastel"'n \Olashington it is called the Shedroof' (41). This may ba up 
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to 5~OOO feet thick. The congl o;'.1s:"ate passes upHard into the Irene volcanic 

formation, and thi:J is overlai:l by the I-ionk and 'I'hree Sisters (33) (34). The 

latter formation, in the vicinity of ICcotcnay Lnke, passes up'tmrd by gradual 

tTansitio~ into tbe Quartzite ?~~ee fo~~atio~ of Lower Ca~bl~an age. Tha 

baee of the Ca."'1lb:i,"ian 't-7aS arbiJv""8.rily d:.~a\:n by Canadian g0':llogists on the basis 

of palco:1tologiccl evidence (33) (3h).. In the vicinity of Lake 'Hinderrnere, 

Canal Flats:> and Fernie the S (: .4' 65 i s ';JTG Sent only in part, and Cambrian 

formations lie on VTinderroere \ J~."c, h a disconi'ormity or slig~1t unconformity 

(59) (29) (30). 'T"e break mainl y rep::.. .. e sents erosion of Upper 1vindermere, 

because the oV\:.j,:'lying Paleozoi.::; rocks -lnc 1..udc Cranbrook formation of LOv-7er 

Ko dh"\3C"'\J evidence is aV2, ", :::bi.e 2.3 t o -the t:Llle-s"cZ'z,t.igraphic position 

~·d. ::; r.;(.,-,l:: e::oup , or any pa ......... vioular part of 

1'-::'::;::; 0\::': cr-~ou:), of MO-:ltZlna . But it. io possible to formulate a t,entativa 

ini'e~c~~8 rc:~~din6 the relationsbip . Since uppermost Windennere is 

is obvlou31y l.a.te~:r~ Precambria~1. In }Iol,~;:.ana the Eidole Cai'l'lbrian lies upon 

u?pej;> ~'~ ::' ;:; :Jo.l .... a group with a (~ '; :" ()':': i'o .... ,'~:cy or ve::;r slig':1-'" unconfonnity. 

Tl:o hiat.us t"o;>:reson-ts Lower Ca-;.h;:'ian and latest Preoa.l'Jlbrian . The 'tn'Fcer 

t ::0l'o:'o:.. .. e Qgrees wi"'~h Leech ( 1) that Hindel"rnere conglomerates, volcanics, 

&:1d sediments ivero doposited during at least par-'v of the interval repre-

sonted by this hiatus. That they were probably deposited during the 

erosional interval t hat occur::ed follm-1ing deposition of Missoula group. 

This erosional interval oc~urred during and after deformation caused by 

':.:,h9 late-Preoambrian East Kootenay orogeny (63). 
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Some confusion resulted \', ::CD. Kirl-cham and Ellis, in their bulletin on 

Boundary County, Idah~ assigr, :. r:.: volcnn~cs and the Irene conglomeratss 

to th0 Purcell lava and Siye: l : .. .: ~0 ) • This confusion has affected 

goologicnl thought until the (L7). The Irene volcanics are much 

higne .. " in tbe st/r~:::'i::;:,c.phic c. ::.':;0 ~'- ...... " .. .-
\,.. •• '';''\. .,j nra the Purcell lavas. They may be 

from 300 to seo l.i11io':1 yoars .. ( .. l(')~ e ::.~ ct.:m the latter. 

2. Ag<) of tba Sedimenta:."'Y Hocks 

r:: ':'C(3nCO l~egarding t::c a::;e CI' 'Pelt (Purcell) formatior...::; has beel'l 

':.:::.s bcc:1 m::;,do 2.nd 1';;,:-c;:;1 this i~ ~.S pos:-:ible to fom at loast sor.;e ten"l;,ativo 

m.y. ago ill Alc':::.:1.c1go formatie::: ::aspec 'i:.ivoly (22),. According to the time 

sC<lle fel'" the Pl"o·;:'c::-ozoic era tl'3ed h(n~oin the Prichard and Aldridge were 

t',Gl'c~oro d~?osi tcd during the late to'ilor Proterozoic or aarlie!". See Fig. !>. 

lJ'::.:..::iillil ... ::':i:c~lization in the Sunshine mine, Coeur d 'Alene district, 

\ ,;:::'0 fcund by P"4ofC330r Kerr and his ~ssociates to be at leas'~ 750 m.y. old 

(2S) (26). L~t.o:.." c::.lculations made to alloV1 for lead loss sho~led the 

u~~ni~ mitor~lization to be approximately 1,200 m.y. old (3S). This 

u:-a'CliUl11 occur,:; i'i.'l the 10i-i3zo St. Regis formation. It will ba shown in 

Pari V of this study that the uranium may represent s.sdimentary-synger.etic-

aiaganotic dOp03its which were reworked during regional me·~orphism and 

doformation, and again during sulfide mineralization. Lead t-1as lost frCI 

........ 



tha deposits during one and F :'~':2::)S ·.:J·~;i episodes of reworking. Presence of 

t h3 u:;'~::l71ium d~tes the lO';Ter ,;c:r.; of tl:e St. Regis as at least 1,200 m.y. old. 

A b~D:C sill (Moyie intrusio~ ) ~n Siyeb formation at Logan Pass, Glacier 

. ;~tio:1c.l P:'rk, contains amphibole which gave a K-A ar;e of 1,110 m.y. (22). 

Covio!;:::ly t:~a sedimentG "t<l.::lro do:>osited PZ'::'o:' to injection of the silllJ but 

t he m-ito:;.'" assumes that. sedinl<J!:'cation Has still in prog-.:-ess. 

Eo"-:1i"cls in the contact ree-::.amorph::'c zone beloTil a Purcell lava flel'! .ne~r 

Bb,k:i.":;'~0:~ B:;.~ooi{', ii.1 tho Rocly :r,~ou:.1tains of Alber-Ga, is 1,075 m.y. old (22). 

T';.:) .o:. ..... : :c:. ;· is i:..1 rocks equivalent. to uppel".l'r.os-l:, Striped Peak (0 .... lower 

i·risscu.w. gl'oup if Striped P ak is consiCio:o.~ed the lO~iCn:1ost me~1b r). 

et ""~.~ .... -.:( havo a"'1nour~ced the age of gl<luco:.ite frcrm the upper 

P':::;'1i o:i ·tho i·:issoula group (18). The s3.l11ple was collected fro~l 'trithil'l a few 

~~OUG~~d fo~t (stratigrnph1cally?) of the Middle Cambrian Flathead qua~Gzite . 

1'::.3 F:'C:;'~l:Gad lies \Wconi'ormably upon Hissoula group. Glauconite yielded a 

K-A ~;;-:3 of 1~090 Iil.Y., and a I:o-S:~'" a ge of 1,050 m.y. The average of the tl>10 

ages is 1 ~ 070 m. y. O..llbran ds ,,'.-_ poin';:'s out that glauconite ages are commonly 

10,1.. He states~ "Hurley, et aL, found 'chat glauconite results may be 10 to 20 

porCO',1t 10vJar than ages measured f or micas from igneous rocks \'lhose pOSitions 

can be ~3asonably determined st.ratig::-aphically". He concludes therefore that, 

"I~1 v: 0,,1 of the uncer-'c.ainty of the isotopic ages for glauconites g the age of 

.l.~070 :.:I.y. ,for the Belt series sample should be considered a minimum age lt • 

Ta6 age cGter.mination seems reasonable, however, when compared to the age of 

the Logan Pass sill and the Blakiston Brook hornfels., 

An int0~esting pale~agnetic study was completed dUl~ng . 963 by RwFQ 

Black (3). He attempted to date the Purcell system by cornparlng pa .. 0o::.::'g'':<:ltic 
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data oLy'c.ained f::-<ml a number of ti1e forwltions in th similar data obtained 

f'ro~ Pro\~2Jr.b::'ian for;nations 0 5..' ",Torth America whose ages are relatively "t·rell 

kno~~ . 75 tamplea collected ~rJ~ four magnetically stable Purcell for­

l'i1atiOl'lS ~797'a studied and the results tob'.llated . These suggested two possible 

i n:corpretations . The interpr-etat::'on ;avol·ed by Black places Purcell at 

appr~dmately 900 to 1,000 m.y. The second intel~r0tation~ previously 

~.lggestcd by DuBois (9) makes t.e Purcell about 1,120 m.y. old. 

Tentative ~~pl~ssions, bcsed on tbe various data compiled above, 

roz=.raing t h3 f..~~ o:? B()lt a-nd ?:lrcel: forna.tio" s may be summarized as 

follo;'7;:;: 7::0 ;O:'~i"1<lt:l.ons are, for t he rws"t part, not ~2test Precambrian 

as waD fe:.-:::.::.~17 t hought. The~" ':"ere deposited bet"K.JoTI about 800 and 1,1 600 

m.y. ago. ?~.:y ere essentially Middle to early-Upper Protorozoic in age. 

l...rind.:::;:"':,:::..' '') formations are , on ths basis of paleontological avidencs, latest 

Pr.Jca .... :t:.~in:'.l and gl~.:'.dational into Cambj.:'ian .. 

';"::0:'0 is l itt a justific 'ltio'!l f or a~suming that, bacausa the lead of ~ 

the o:.~e c,::;c:Ji-ts is 1~400 m.y _ old , 'C'l'O Belt sediments aTa Archean in age 

. as 't.::..:; (;80:1 suggo!3t,ed .. (35). 

At thi,:; po::'nt will be m(;""j"t ioned ;:;71 incident the signific.:::.:lce of which 

-::':'.0 ~~c.:.c~:' ~1i. ... l 'have to judge f or h:il.~.Jelf. In a latte r to t he Editor of 

E::;onoYlic Goology, }!r. Fred S€;":: :i~l s.!l Jr Q stated that he onco found a fossil 

on Kellogg Peak in the Rsvet1: (uart zi.te (50) . This mountaii.'l is about 2t 
lUile:J south of Kellogg, Idaho.. In otbeT corre;spondonce, Searls stated tha", 

t ho object, iJ"hica \:=.s found in 1909, "(oms on a bedding plane of a slab of 

Rov0tt. Tho slab v~:::; about 211 thick and a square foo·t in area. On the 

be dding plane were 3 or 4. (possibly 6) di..'1'Iple-like marks, and then a ;'"; 

'" 
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raised place, -?til to ~" high, '~1:.t loori:ed sOmething like part of a bottle 

'neck, with some markings on i i., Searls gnva the object to Lawson in Kellogg, 

and LaH'SO:l tooK it · to the Un: , ,~s:..t,y "r :alif0rnia in Berkeley. The head 

of tuc Department. of Paleo:1to 1.(;7 <:!t ';:'l-~c.;,';, time:; '!rIas C.1v. "Ierriam. It is not 

c8:. ... c~i:l i,~t ;;oz'.3c:.1 in the Departrl ent :ronde t he identification, but the object 

~ms identified as a trilobite. No other details are aV3ilable, and it is 

l10t certain ~'lhether the identlHcation m:.s positive~ tentative, or questionable 

(Sl). '. 

In connection with the a'oove pa~";;lg:r-aph one may recall t at J.F. Pardee 

doscribed SOT.le horizons in t b3 "!allace f om ation in which forms suggestiv~ 

of organic origin 't1er~ found. '1'11is ';; .... 5 ie, the upDer St. Joe River basin. A 

10vror ho~~zo. is about 1,000 ~-,--i.;: t above the Hishards sill. On the sUliWlit 

,of Qual"les Pea." it is T0pr.as ..... ~1~,8d by ::.. :, .... :: of grayish l:i.r::y shule~ about 3 . ' 

feet thick, cro't-l'ded 'tntb i'lz:i:;tt (led glob;;.la. forms frorll til to 11 in diameter. 

that suggest: b ·v<llves of som~ SOl.~t.. J...n upper horizon, about 1,000 fect 

above "the 10\':~rjl is located 3/1..:. mile south't'lest of Quarles Peak i n rock cuts 

along the 1:;.~ e of the Chicago, Hilwaukee (& Puget Sound) Railtvay about t mile 

00101-7 t h.a Ad~ir loop (station 395 + 50 WGst of' East Portcl) and about 2 miles 

abov t" e loop (sta.'don 2u3 + SO t>1est of Eas"" Portal). At "(jhoso locZllities 

a bed ' of bluish limy shale or :iJnpure limestone contains nU11le.:oo'J.S na"ttened 

cylindrical fOTmS esembling mashed trilobites. C.D. 'ivalcott eXQIilined some 

of the specimens and described them as, "elongated, mora or less corrugated 

calcCl ... "Oous nodules, atld some ~;' them Sl.i.f.g8st organic origin" (hO). 

It is to be hoped that : vb::r..ifst::. \'iill event ually obtain additional age 

data 1'0 ... " sills, dikes, and f J s in E::;lt., Purcell, ,and 'ivindermere roc.·s of 

many aDd wid ly separated ar ;~d . Good samples can be furnished from th3 
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Coeu:," d'Alene and adjacent re'::!.)!C~; . 1,,, interesting Precambrian metagabbro 

irltrusion i3 located in uppe~ ';:::' 'H1 ,:O:':O'1~c -'i Group rocks not far distant from 

·c,t.o glauconito occurrence. ~; ; _ ir,tl.'IL ic: i s a composite sill in 'Flathead 

County, ,fontana , just t,,'vs-c, 01 ' ,._ .. ' Co:' :" __ ";(jtJ.l Divide, Lat. 48° N., Long. 1130 

Professio .::1 Papa:-.:- 296 (46), ,,- ~ f ror<: U. S .GoOS. U'Clpub ished maps of Marias 

Pa~s and Silv~7vip quaGTang_e (38). 7hz sill is located 6 or 7 miles south-

O<:':3t of "(,~:o em:::l diorite stock.::; or bos s es. 'I'he nOI"'th end of the outcrop' is 

covared ·::'7 Cenozoic g:-c,vols!J bU:0 at t 1:03. s outh end it::::; eu" __ off by the over-
' . 

lying G.::.:..:'J::-::::':1 fomation. By ca-ting this sill it would ";:)e p ssible to obtain 

addi-'v::c::::,: cv-':'c1onco 0:1 the minr r.l:::tl a~c of the Missoula group rocks at tba"" 

lcc.::li-c7. The t:~:::(:;(,cr 0: intc:'e s-'(j co'c~ceT"..:iTIg this ,sill is not only that it 

is co:,:cJ.i·ned in -appel" Nissoul.1. grouP:l but that it is cut off by Cambrian 

rocks. 

C'C-.: ':':: l-:oyia intru3io:13 tna'" should be dated ara sills enclosed in Im.ter 

c::.:d ,-.::';.0'::'0 :,:i:J:::oo ... a group formations located in the Benner quad:;,"angle " (a 

::;ho:;.~::' ~i:::;t':':.1ce l'1ol.""th <lnd cast of Hissoula);) 'che ,\o3'ishards sill a"" the crest 

of t'i:u B~ ..... to:r-... oo-;' Range, diabase dikes along Placer Creek south of "t-Jallace 

",~"ld on tho North Fork of Coeur d 9A1en River, and a. la!'ge sill on the west 

::;idG of Four'\i'h of July Pass in Kootenai County, Idaho. Sills i n the l10unt 

.~elso:1 formatio::l of Canada. should be dated, and diorite bouldero in t .6 

Sal1dpoi t congl omerates as 'Well as diorite dikes cut"i;ing the conglomerate (1). 

The w.riter can furnish good s ar.1ples and data from all of these localities. 

Pro",)lc~s "(.0 be conside~d t'll'hen det6ming K-A ages of Belt sedfu.entary 

rock;) are the fa-ct that these are not only metamorphosed, "but' t .ey ·co:ltain 

5m3l1 to appreciablo quantities of clastic muscovite. The mot~orphism, in 



::;pito f its low gr de, may b~) '~he 1'88u1tant of a number of small metamorpbic 

inez-elnent::! (Pre cn.'11brian, LOi'j'~:' )c..u:wzoic j C~rb"niferous, Permo-Triassic, Upper 

J~:.::as Gic-Cr.::r·C::lcoot:s ~ and pos::: ' '~"'_y evc;'] U;rpe:o Crotace ous-Te:t>tiary-). Close to 

rr.ine:-2.1izcd ar():.s 'j~llTock h~::; ·.:ocn }j:.p::-0gr:ated wi tb bydrothemal sericite. 

T;'lis :·:e:;;ozoic 5 0:'1.0 ito mir:o:.t."::!::'.i'3:.ltio\1 is S"-::.perimposed upon regional metamorpbic 

a':1d cl:.stic sc:~cite . 

B. Moy':'a I::tru::iic::J 

Ie '110do of OCcu:":;:'ence 

:list of ci".i..;'G ond some dikes . 'rhe sills are coreo:t"dan'c,9 or almos'c concordant9 

and C~:~ f~.:;quen-'c,ly bo traced fo? mil es along t he strike of the i~closing 

·':,,·c.n .:.0 '~eeJG to 2,000 feet in thickcess, 

but individual int~sions ma; _: ;. ,..~, ::<J0!"ably in thich."l1ess along the strike. 

~··.:e la::..~gest and most C02 ~:t~i't 2:(": sills are usually found in tbe 

oldes".; rom-at,ions such as For t .. Yccele, P:"i chard (Aldridge), and Burke. 

Sc:- ei;~,<:'-C smaller intrusions ClI'3 found i~ t.he l1iddle and Upper Belt (Purcell) 

;,"ocks . Rica (45) has reportee: -i~r..a t sills 100 to 200 feet. thick are found 

as bigc. as the Mount Nelson for-'nation, the top;nost. member of the upper Purcell 

of C~~ada . Leee' states that no Hoyio il'1trtlSi0ns have been identified cutting 

W:i:nderL"le .... e stra"ca (32) j • but RicG had previously rsported basic intrusic,1s in 

Hinder.:;:Qrc (45). HOv-level', th~_3.j have been so sheared that i den-'c.ity of CC:"l-

posi-tio:l cc::mot ba e::;-~blish0 C' . In Glacier National Park the sills and dikes 

cccur in Siy0i'l formation . S o~ ,,'J h;:!ve been seen in Striped Peak fOl"'mat5:ol of 
j 

north-;'jesteIT.mos~ Montana (4) . In the Rocky- Mountains east. of Flathead Lake, 



on the east slope of Ringer (;r:1is _:.; r:::;'-'.1"ilta "i.ns, the sills occur in upper 

MisGoula group (h6)~ but in t:c_,:;: viein:.ty of Nissvula, Hontana, f.9t-J' if ' any " 

sills .:1::'3 fo-,md highG:- than r~;2.:i jle H:;'::,soula }lc'Namara formation (39). 

2. ::::'la/do:;:::hip of Dike)S to Sill::: 

~:at at least So:':le ci,:CJse C:ixes are l"elated to the sills, and 

of tr:e ::::':"-':3 ago as the latter, ',:as i nfer:-ed by Rice for the Cranb:rook area 

Sslkil':': :;.:'::0 of British Colw[,liZt a A rdr,eralizcd fractm:"e t"aS seen in the 

O ·t:- "'"" J. ... la:..~gG sill ant in a dike-like offshoot fro-.il it. Othel'" 

c::~e c-)'.::a-rs ~3 ton offcboot f'".CC • .1 a si1 (28). In sou·cr.eastern 1il coln 

COU:1tYlI EO'1t.:1 , a~ a metadiorite dike pascas under gravels at the junction of 

Fis:~e:;.~ 2::.d Kcote::ai Rivers. On the soutb side of the Koote-c::li the dike 

d~vidc~ :tto two sills (23). In Glacie~ Park sills are found only in Siyeh 

i'o:,'ma"cic:::. Dikes of smilar compositiou are found in all formations up to 

~".:d including Siye~. A lava horizon occurs in the basal part of the Missoula 

g:."'Oup "inic"i ove:i."'lies Siyeh. TO case is racorded in which a ~ill or dike bas 

caen t~~cGd into the basalt l ava horizon but a genetic relatio~ between 

intrusives and lava is a logi (:. c:.ssu::-.ption (h6). 

T' e above instances con< ··:xt.·'J e' -io8nce of a genetic relationship 

be-c,t<1 n diker; and sills. In :, :';;1' alVJ.S t11ere is evidence that the dikes 

a~e not related to the sills ~~ regard to time of intrusion although they 

;:':'7 cO::lcciv.:.bly be related gere-.::.ic::!lly. For exa'Tlple, in the Coeur d~ .lone 

mi~ing dist"'''ict ara nume:-ous dia ba:sic dikes 'tnth mineral cG:'.1position ide'ntical 

to that · of th3 P. .... oc~"':1brlan 1'Tishards sill. Thera are no sills in the mi:: i~~ 
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district, with the possible exception of a thi~ one on Willow creek 2~ miles 

southeast of Mullan (5). The di1(es were injected after folding of the rocks 

vIaS essentially completed, but 'iVishards sill was injected prior to folding. 

I:1 the Libby district. of };ontco..,a Gib~o. found dion te dikes compositionally 

si.-:;ilar to PrElca:ilbrian sills. >-ro~v~vc:" , the dikes show crosscutting relation-

ships to foleed st~ata V1hGre~T' ~L _.!. :.- c:l"'a concordant ,vith the strata. 

Gibso:'l thercfora considered ~. 

-J , .. ' . 

"', \. i i Althou~?:h the source area of correlate thern with the sill: 

HeS030ic diabaec mag:na may h~ ;'.: en .:; i. ,d.lar to the source area of }~oyie 

magma, it is not :':<:J ... nted in t:: "T;.~ 'co "t.:-)S latter. It is therefore suggested 

that the tOJ..~:<1 "Zoyie ll " should "o :~ be a~:plied to the Mesozoic diabase-diorite 

intTU:Jic~D. 

3. Regional 'Variations o? Comp.x~:.t io;'l 

T:1~ i:"ltrusions i .. G ('~~ '1 :;:'2.1 a:'~ cO:~1poscd predo:::1inal'r~ly of medium 

g:~(lined, d::::"k g;:-co-;;-:.ish-g-J:'ay t ,: " .1l: .;03 ~ "ol~ck rock . They are rather constan:t 

':''.1 cor.:p03i t!C:.1 and appearance Y ... -:' i -;:c'i -rldual sills Yilay locally sho't-l 

val"ia·ciollS i-:: text,ure, grain : i ~e.l a",.J r .. :meralogy (1).. Z071es or schli eren 

of lightcl'" co~ orad n:atG~'"ial ;;; .. ;/ ·ue fO' .. :md through the tlaSS, as r.:~y dikes and 

apop:lysec of aplite or pegmat::c. '3 and vei'~s of quartz . So-:.:e of 'c e larger 

s:lls arc ~~,o~3logically strdtified~ These are invariably granitic at the 

top, dioritie at t he centers, and gabbroic at the bottoms. This has been 

~l~ousl7 i~tc~rotcd as due to "gravitational differentiatio:"l during cooling, 

~SGi::i~latiC"3 of sil~c~ouc sediments, and granitization of sedi;;:ants along 

a nar:ro.v contac"'v zc~c (4) (28). "' Thick sills also occ?-sionally exhibi"~ 

eolu.-::na:.: jointing, i-rlth the joints perpendicular to the coolii1g surfae s 

(28). These f'~ct, Ol"S have been oi ted as evidence that the sills were i· -

jected into flc"u-lying sediments. 
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Although l-royie magmas mo.-' ;1-1 ha-..T 8 h~d a closely similar chemical. com-

PO::Jit.iO:1 &t -the time of injec·:.-i 'm,1 t ho p:,:'.::s.:::nt day minezoal composition shows 

.Icr..at the intrusio:1S can be g::- :, ,e~ r.:;:. ~;".~~',y- int,) i;.'t-10 gene::-al types: diabasic-

g:::.bbroic.? and dioz--ltic. Tni::; - 'c',:?::.:::, 0" c;.n intel-'-regional scale, is 

empij:'ic~l and gives no CO-;'lsi c.' _ ."c,: ot: ...,0 ·.ihe pC3sible or probable causes of 

tho va ...... lations. T1:a types cc ,- ci -' :;.~ $ ;~J::~ _~dte ZO!lCS, with the diabasic zone 

on the south or southeast. 

r1uc 1 of ·c';.e intor-regior:: l v::::.riatim is related -to silica content .. , 

ii.:te;;:,eG~ing ';;'0 ::::pocu- ~-te as -::'0 ,(,he effect,s on cherJical and tlineral 

co:·,~?c.::;i·~iG:J. -;;1:0:1 n C::i:y.:;t::llizing basi lr.agii1a is injected into the u:lconsolidated 

or 100::;:;::::1 cC-:::Joliduted and hyd::-ated sa i.-;;ents of a trougb iil 'tv-hich marine' 

T~3 diuba~ic zone extends f~om the Coeur dVAlene district and the uppe~ 

s·~" VC~ R::vcZ' c1:~.1inag0 bacin, vine:'s the int:l."usio")s are most basic, in-co the 

S::..ltc::;o-Si1pc:''':lo~'' district of MO,TGana and the::1ce into the some1:bat less basic 

:Fla·li:~:;;.d L::ke and Glacier Park districts" 111 the Coeur d' Alene-St. Joe-

S-.;.pe:"::c:- "'\3gions t.he intrusior;s are of diabase containing augite and labradorite; 

appreciable i1monite, biotite~3.nd ch.l..orlte; small amounts' ; of 'quur-l:.z;" ~", ." \' 

~q:.tit0, and bornblende (5) (bO) (52) (5'-1) (56) (62). In the Flat,head Lake 

a::."oa -ete intl"'usions a1"'3 classed as bO:L'l1blende gabbro or metadio:"ite and are 

composed of hornblende and gray plagioclase of int0~ediate ccnposition. 

The rock is appracinbly silioified 'tV'ith cry-ptoc:j"::;talline quartz and chalcedony 

(23) . Intrusions in Glacier National Park are called acidified g bbro o~ 
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.ot:.gahb:."o (l.t6). These are cCT.posed of ti ta:1if rous augite, largely altered 

to hornblende, and decidedly calcic plag~oclase. There are minor amounts of 

Gi:icaous Z0':10 in which t·.6 i~t:;-usio .s a::'3 classed as quartz diorite and 

diorite. This zone is repres: ,--eo i n Kccri~enai County, Idaho)) iJ'j' hornblend 

quartz dio:~.:.to cont:!ir.ing up ':':, 00% 1:.01'1':01e:1oe;: 30~ plagioclase, and 15% 

qUClZ"'C.Z. T::::::'~3 arc sov0ral po:, C,;lit of :.~pati te and iron ora minerals (2). 

'oC~( is au ab: ormally quartz-rich 

dio::i"ce c .... ~o:::;c' of an intermeo:i.-te p:'ag "oclasc, quartz, hor:."!blende which 

las replaccj P7 ..... mren , a.o bicti-G (1) 0 The sills in Bounda:.""! County and the 

nortb'I.:;::;to~"'a corner of Montana ara c ... as8i.ld as diol"ite or metadio::ite COD'l-

posed chie:ly of hornblende, intermediate plagioclase and qua~czplus same 

biotite, a;atite a~d iL~enite (28) (h)e Here also the ho~~blende crystals 

• ave CO:4 63 of augi"~. In sout1::easter' B:-itish Colw~biaJl from Nelson to 

C:";:;,nb::'ookJ) the sills ar~ classed as quartz diorite or mero-qual"tz diorite 

cOr.1posed of seC041d3.ry amphibole a:1d al'!:>itized plagioclase. A feToT percent 

of ilme~it0 and quartz are prc~ent (43) (l.th) (45). 

l.t. Age of -the Intrusions 

The Precmnbrian age of Noyie intrusions has been infe:..~red partly 

bec;:;,uso of the apparent relation between size or thickness of the intrusions 

'nth the 3tratigraphic position of the host rock, and pa~cly because the fine 

grcinod f;:;,cies of intrusions closely resemble the Purcell lavas (hL). These 

i'ac"co:"s ~3re considered evideT~ C ') that the intrusions ware injected during 

the last ot~ges of Belt deposition. 

.' 
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foldi~g, n:~d vlhile those l';G:r~ !~ "':::.':..1 f'l.:,~-l:;ril'lg has been affirmed by numerous 

field ecologic-:' ::> . Pl'::lc-~ic:Ell1/ 2.:1 s ".:;otc that these igneous bodies are clearly' 

rccog.1izcG. 2:.3 ::>il_s t:hich h3.'73 ~x::.""".;.&~:en in all of the orogenic movemenJGs that 

t1~VG 2.ffccted '~r.o regions in ,"~'_ich t hey are located (1) (2) (h) (5) (23) (28) 

(ho) (55). 

O~8 -c~~lity in Idaho may furnish t he possibility that K-A dating of 

Hoy"io i::·(:,:rJ.:::ic~"! s m~y yiold inro:"'1Tlatio~ on the age of 1"egional folding." ~A 

r:;;' ·c:-.:: (.:·~s-t of "C::0 Ei"t:cer:'oot r::nge~ H~S injected p:l.~or to folding. It has 

bee:1 folded, but the il'rt8".18i ty of folding decreases to't.rard the 

end, nea:~ 

t'·,J:;t sido of }1oo: Pa~:, 

:.:ock.:; i;":3 o.:;eon·tial1y complc 

~JG intrusion has ramained unfolded 

3::~_ J:..: i:-!zp-,;ctiol. The Placer Creek dike, 

',::.3 ~_ -~" _.'.:.::-:t ly injected after folding of Belt 

, 
'. 

.•. .. ,. h F" 6 T~'L':;';,; ;.L'6 .Le.,(,1.0ns are s own on J.g. • 

:~OJ.""'.:.h of Pe-nd Oreille L:',; , Idnc:,oJ) tl'::;; ~il13 are cut off by tha Sa .d-

poi::-::' con;;;lc::r.o:.."O.tc. This CO<:, _o!::el"a"Ge \~ont,ai'~1s bouldor;:; of Moyie sills and 

of all Bolt formations. A.L Anoerson O&S !)!'ovisiona1.1y classed the COtl-

glc:::cj,,"ato aD Cai"'boniferous C .. ).. This 't·T.('iter suopects ·tllCt the conglomerates 

could be Lo~,rer Paleozoic ' (pro~ 1jeYOniL.:l1)" They could ~o'Qcei ~",:)ly be related 

""0 t':10 Caledonia'o or East Ko-;-t :.n:3.y ol"ogel1ies. Although tne cc'1glomerate 

con"~~i~ s Hoy-ie bouldors, it -~s i tself cut by basic dikes whose compositioll 

is smila.~ to that of the Mc r::,e bouldel"sg 



The sills l-lero emplaced p:dor to regional metamorphism, and prior to 

empl accrnent of the great ba.t ~ :l. t :1S. Eigl ly r.~et!L'7iorphosed re:'!lnants of sills 

are :::oen i~1 Pricr.:ll"'d (Aldric, 

Boundary C~~nty, Idaho (28) . '. '~r ~'. -;: ..!.:"~: FO:'k dist?ict sills are cut by 

Mosozoic gr~nitic stocks (1 ) .i. ) • c. ;:',,- inw-.ded by t he granodiorite small 

engu1fod masses or pendants L ," 2i 11 !'e<::": :~?y be found in the granitic in-

t Tusions (1). Tee \'J'isharos s .. :.1 i n i::.x; Dit,·C~ll"i"OO·C. Mountains, Idaho-Montana 

boundaj,"Y9 nll:J been locally mc·t::.:norpho3ed by Mesozoic tr-"at itic stocks where 

t1':.cso occu .... 0103 to t ho sill (he) (55). In the St. Joe River basin the 

1t.c:Jozoic sJ.:.oc~ at EO=':'''ick CU1' J off a ~r.i', c;i1l 'Gear Marble Creek (56). 

R::'ce l::':::t;:: t h:';:o volcan: . .: f(;matic~: s to 'tJhich the intrasions could be 

,'_';" 'UJ": ·CO? of the Striped P.;;::. · (Siyeh) for-

;;:atic:-::; tte 1:':':;:1e vo ... canic f t. 

;c-oc~'::::: i', t he K<:.o.:o' s C::'ies of : .J..cSS::"c :::~:o .. On the basic of ztruc-c.ural and 

evide:1ce the Tri<..~~l ': v0::"·~&.:,ics wC'J be eliminated from the list 

of po:;~::'0:e ::;0urce.:; Jor the 1':'6 ~:?:;':1bri<rn int:.:usions. 

<:::d :;,~,:::,~.:.;::.ls that they wc:.."c iutj,"Uded in a number of sspaz-ate stages. The 

g.:. ol.:.",':'c~l fra ... ~o?ni'i:,y is ind<3b'ted to G"H. Rant for performing the va uabla 

age d':":;.o:i .. ~'dnations . T'.e following table lists some dated sills and dikes' 

c:ccorc1ing to their stage of i ntrusion: 



AG: OF C:lYS'l'ALL:ZATIO)J ._';" . ~OYIE INTRUSIONS 

F====== .. -::-..,==-=--:~=- ============~ 

Pa:' disc sill (Hc.t$j : 

I ntrusi ons I 
Log':':l Pass sill (~.I!on·G,,): 

L=~.-.:::~.:.-e -}1-o;-{i-e-Ir.-r-c· ru-: -, s-i-o-n-s-L 

sill 20 mit l'w:..-c.h of' Ki .gsgat,o : 

St. Mary "An s i ll (BQ CQ): 

Sullivan mine dikes ( B.Ce): 

1S80 m.y. (22) 

1UCO m .. y. (22) 

1110 m .. y-. (22) . 

1075 m.y. (22) 

1073 m.y. (22) 

883 m.y .. (22) 

835 m"y. (21) 

766 m.y. (22) 

765 m .. y. (22) 
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ED.:,ly geochemical attc:xpts '\:.o obt.:li:~ age detenninations t-rera made 'b'.r 

Urry prio:· 'GO 1936. He used the heliu; i.:ethod on speci."TIens from two dikes 

n',:d a sill located "Coal' Kimoe}:':i.cy, B.C. The results gave L9S m.y. and 4SS 

m.y. for tho dikosS/ and 530 !".: ., .. .. for -.:1:8 8i 1 (lt5). Although these results 

the more modc:::..1 potassiurn-a:cz .;.- ~,.ethod and found thD.o(. some sills are abou"c, 

1,500 ro.y. old, some are abmr: 19100 ,:: .y. old, and otho~ are about 800 m.y. 

old. He also found that a s'::;:-;Jple of CO':J:':'2ct meta.'1lorphic hornfels from ·tbe-

Rocky ~rou':'fto.ins of A.l.o;:l:'..~ta 't'Ja;;;: cryst:i:L.lized about 1,075 m.y. ago. The 

hornfels vms co::<:; '~ d 'close to the Purcell lav.:l horizon (22). Other 

detoT::linc'::'ic::;::; e'~·::'.::ineofrom hC:--:1fels and a quartz-bi '::'i'ce vein are 

que:;;tio':l<::bJ.3 'toccusc ot tbe altered cat'1di ... cio:l of the rock, therefore these 

are not listed heroin (21)~ TI1C litc~aturo on geochronology records eases 

in 't-1~1ic:l ocJ':.)~';jinaJvio:1s made on s~ples of contact bornfelses or quartz-

bioJci to v0it:s indicate ages £:::..:' young'3::''' than do mi'1erals fJ such as runphibo~e, 

co ... loc'~c~ fro~.1 t.6 interiors 0: the usscciated igneo s rocks. 

o~ ';;'he rosie of his age dt?te:rmin:rcionr: ~ HU'lt postulates an early 

Purcell p ... u'~OuiS.l1, <1 late P"llrcell plutonism, and an orogony i<l'hicb coincides 

v:i-t'1 t:-.G::' i-lni. Wi1ite called the "Eas'~ Kootenaytl, (63). However, since 

Hcyic sills also W' ra i'::;truckd during this orogeny the present v:Ti te .. " lists 

:::,-:-~;"'U::;iO'.1C wore emplaced at the end of the Middle Proterozoic. Th':'s 

s~"ago r..ppO<:l~C to nave included the Pureoll volcanic ac·t,ivity. Late stage 

intrusio:'ls accompanied the E2.s·u Kootenay orogeny during the m':'ddle to late 

U",·~o~ ... 'O."o~c""oro"l C j..Ji! .. ..... v .. w - • 
This star,a appears to ha 0 includod the Irene ~nd L ·ola 

- -------------~~----------~==~--~~==~---===~ 



-62-

volcanic ac"'.:;i vi ty. It is not knm,;l ~;::3'(;[:lI:'i:i." other int:cusi ve sGages occurred 

at tho end of Proto:;.,-ozoic tii(;, ' ;: C:' ' 1:::."(:.(;:;''''" but -'chis rer.;ains ':;;, -possibility. 

5. A~lphibo .... iz~·~iO::l 

IlAmphibol::'z",cio:1" i 'i t,'<1d p::oductiOrl" i.n a rock? of amphibole as 

a seco:-:.dar-l l';liner~:, i.e. ~ a : i :':: : ~!l1 ·~ b.'3:::' L~lS rep1aced a previously existing 

r.;i!!srJ.l. The ~p'.1ibole is us', aUy bO:';':!bleride, uralite, or actinolite de- , 

ri vod friJ.U p:;.~ovious ... y :ds"'~ir!~ )y-,::'oX8TIe (augite, d iopsid~, hype Tsthene , 

etc.). 

pooitic::l of the 'Hoyie intrusi<." ; ' ':' 0 ::1 ')',~ !..oolization of basic rock t·Jhich 'toms 

initial:7 a diaoase or gabb~v ':!,'._~ C', • • :S. i.C;01ization is thougb-l:, by many to 

have b.:.o',"l c'C.o to endor.lorph:'sm 0:' hydr0t(;crmnl uralitiz.:ltion. The Glossary 

of G ology m1d R lated SciencL3 (17) cofinas 6uoomo .. --phi::-:t as a pbase of 

by the intrusivo body ins1iead of to " ~10S0 procl-ilcea in the invaded formations . 

Tbe Chal'lgcs that Icake place ::" \,h·;; ': ',- ' -"-~":l 'i '1/0 ar~) due to the partial or 

ccmplotG o.::;simi1ation of port:':..C ':1S of -tho rocks invaded . 

Lzt(.;-~iJa;;Ttlatic crystallizHt j on -'t-c.:~es p!3.ce during the later stages of 

the co011:. g of magma. Late-!I' '1. p·matic mberals are produced, and these ar:a 

thought of as for:ning between th main stage of crystallization and the 

pegmatitic stage. They are more or less synonomous with "reaction" minerals. 

Dcutc~c c~to~atio: cccu~s in i~leous rocks during t.e later stages of, 

the consolidation of t he rna~2. The to:.,,:,.1 

disc:,..r....mino::'c:: , suc:~ c.: t :"ations fro:n the ::nore strictly sccc:'~~ory hanges 0".10 

to a lato~ pc:..~od of alteration . Saussuritization and albitization of 

--- -~ 
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foldopar arc eXcr:lples of deu·c._.!. .c a'l:c,(.:,<,; tion effects . Uralitization may be 

s O',nevlnat oo.rlior t han strictl ";- :isute:;:-i ..; affects. 

U~:l~ito is a fibrous or green ho~blende found in 

p::-oce:z;s ';l~~:::,~by P7i-~ox r:-1 is c (:'.":!v.:;:;:-'tca in-c.o hornblende, usually as a finely-

fibrot!s ~gv."egatG. It is usu . ; l ~y cO':1 cick,:,&d to be a late magmatic process. 

?i-::c c:r' .X::·, ~ p;'7Cicularly of plagioclase 

feld3pJ.:'~ :.~: bC.8;:::CS, oi;."..,;:s s .:::.d ga'.J'::rcos.? by a fine-g:,"ained aggregate 

0 ... zc::. ::: ::tc, c::.:'C:oto) .:lbito Sl i.-.: l cit.c , ~ :'.i..~icitc and zoe itC3 . It is 

Albi".:.iz:::.ti(..~ and dec ompos iti 0',1 of plu,sioclase in rocks of tha Hoyie i n-

t;;:'usio~.s l:av,) bee~ ::r ... plai~ed b:- some ,·r.ritel":J as CtJ.3 to saussuritization . 

A:,o.:.tizatio~1 is the prod'.,lc"dou; :L'n oS. r-ock, of albite as a secondary ~ 

ni:lOral. The sodic plagioclase ( Ibit.:.. ) forfl~s by replac mant, of a 

p:'~0vlously xisting more calcic plag:'oclase . Calcite, epido"(,e , zoisite 

and c"inczcisito are formed as by-products (17). 

a . Amphibolizatio·. of Precambrian Moyie Int.rusions 

In Moyie sills of British Columbia most of the original 

pyroxene has be n replaced by amphibole, and t?6 plaeioclase has bee11 

partly albitized. In some U ~ ~ 3 speC ~~0ns can be found in which remna ts 

of the original cugito grair ."E' ;; t :.11 pT'esent (h3)' (h5). 

Kil'khr.::l :rnd Ellis cons ':' c ~ . .' t~E: ~. il:::! of Boon dary County.9 Idaho, tlS 

examplos of ondor.orphism. origlno.l augite of the g~bbro is ne::.. 1y 



all changed to a gl'ec~ish-bl<:. 1-, :'4~; J: :~.]0 in ::nost places. Augite and hy-

pcrst::cne are minor mino!"3.1s 

is rr.ado up of ulto:'od gabbro .: 1 di~1":'~_3(;, ctanged in many places by 

u .... ~ ... itiz~tiou to a dioritic t:~ LJ (28). 

ClZOO rGcors,"i~.:lblo. The mic::-oscopc sbO'tvs -that oT"thoclasQ .:md bio"'c.itCl ar3 

prescn-::'J) h . .:::::' .",;:::'0 cc:.:m071 accessortes c.:-'.:;: iron ora and apatite. Hornblende is 

t.o::':.:i-::a-~::'o~::J. 1:1 :::C;,:O Sp0ci!~10n!3 it is deoper gl"cc~, and mo:'a massive. vJl1ile 

t::o :10r-.::".J'l..C::co cryctcls fOrl''Jod 13.'Cer 'th.;:,-.. the smallo:i" pla:ic~laso grains and 

of fol':: .:;p.::_ ';7;,1c11 they C3V.3 par:.ly rep aced)) or contai:l inclusions of th® 

latte:Ah) (14) (16). 

C:a.:;."~ Fork district. hornblc~1de contains cores of bypersthe~le or augite, 

and it is probable that th:; h Or'[.blsl"ldc has it1 every case altered from the 

pyToxcn (1) .. 

In Kootenai County tbe hornblende crystals are l"agged, and the grains 

a:co usu311y bordored by a fringe of ectinolite needles of ligh~cel" color bu~ 
, 

of the ~~~v optical o=icntatic~~ The plagioclase gra~~s aro filled with 

~oeCile.: of ccJ~it:olite, ~vhich is a val"ie';;'y of g:-:e~m runp:.1::'bole., hornblende 

.. :(:d othel'" sacco dnry niner::lls . The relations of these ni .• e:;."u_s, accol.--cling 

to A.L. Andc~so~, suggoots that the original rock has boen strikingly 
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c:ldomorphosed since its conso:idatio~, and "~bat the actinolite and other 

minerals are late additio11S to the solid reck (2). 

Gibson a'Gd Je'Qk~ (14), B:~1C GibsOii (_6) studied 'Hoyie intrusions of the 

Libby district, .. 1on~c,o.n:l. Th~ r C,):lclt:cec that both the sills v1hicb vrero 

i:~jected Pl1io:' to rolding, ..::-:; -:::'!3 c:':(e: of similar composition i.Jhich v:oro 

injected after folding, have suffered berth amphibolization and bydrothermal 

alteration. The amphibolizaJcici has produced long, interlocking eubedrons 

of hornblende de:t1.vod by replacement of aueite. Only one sill could be: ~­

found vi"hieD still co",1taincd a<':6i te, a71d t~-:9 rainer.:ll w~s paI'"~ly replaced by 

LlOl":"!olc-.:de. 'I"r..:3 t.::.:~)::ibolo :::3 l8."t, r -i:, i;nn plagiccla~e. r"::.:] crysta.ls enclose.9 

pC:-:G-cr~to, ..:",:.: ~:-_"":.:) :::;.~o-:~::-.j the plagioclase e The latter is mostly oligoclase­

,,::r.c.::.sin0;l h,;:,:, t,::::'5 bo.o bos. ext.cnsivG17 1" placed by albite-oligoclase plus 

epidotc-c::'~~ozoi3ito. T:.c albitization of calcic plagioclaso is more 

stri:c::.~: :; in the sills Y,h~".1 i::1 tha dikes. The dikes, hOv70ver, are more 

alJ,:,c;:;."'ca tha":l t~:e ci11s, <:):t!d tE'~'~" ore prospects the plagioclasG ,as been 

co~-r.plc~:.c17 :",,?lcccd by serici -te 1 cliTIozo::'si tc J> epidote, and carbonato, 

T::.e ~::::::)~}i"uolizatio:: is att:'itn-:ted to hydY'othc:-'mal solutions which soaked 

tao rogiC".1 c:i"i:.c:" the i::";:':."c:.;io.1 of nmncrous gra:rd.tic stocks. The stocks 

2I'O r.;os·;:':y s:::o .... l b-:lJv it 't:--.::::: C!8SUT:1ed by Gibson that tbey rnoTge at depth 

i::to o",:e hugo grc.:"litic 1.x::"'('holitb which. 'Has the source of the heat, hydro,:, 

thG:"L'lLl :Jolutions, and lat.er ore solutions .. 

;. 

As an <lftOl.":v:10Ug:1t~ at ~ ~,: E.!1d of his paper, Gibson pointed out. -Chao!; 

althou;;:'l tho dit:o:J 0.::13 }!esozoic the sills are Pracamb::-io.n. "It is recognized 

that thoro mo.¥ h~ve boon two periods of a~phibolization, tao earlier of 

which i'ollm-1ed int~sio:1 of t.n.J sills but preceded the 1-fesozoic intrusives" (14). 
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There are no sills in thc Cc~~r ctA:ene district, ~vith t he possible 

exception of one or tilO very- "'v;';~ i.i o:';c::; y but some have been found tOvJaro the 

1>!agne:" de~cribes the ROi':2:ir, C:~ee:~ ini:.:."Usion of' t:'l6 S-t .. Joe Mountains 

as va:i.'yi ng in compositio:'l fre. _ ~-t~)j;~;) -;:,0 diuz:i~:,e" Plagioclase laths lie 

i\1 a groundr:a~:J of' hornblende a~·.d minvl~ py-.rOy..on0 ~ T.e PY"'.L"oxene is augi t~~ .. 

c.nd ::.t oCC"J.:::,s 0"-'. -7 as crores i-::. l-:c:c;)blc: (JE: crystals .. The plagioclase is 

sauss~-izcCi c.r.d t::e 'h or':.1ble~C. , 0,:,:si c,::,:~c..oly ch2oritized. }~uch of' the ilmenite 

augite cc:.~.::::; ~ c.Dd plagiuclase . ·:;"{.::'3 .. :'l~ ::a8 nOul1 strongly chlori-tized and 

\·.'i.c:· • ..:.::.:: . .:; s::'ll~ i n the Bitt.=:?o-:)t P..o. 19a, has been petrographically des:, 

cribe':; :::.: t'-..~ litc .... ature in cT,1:.~ · c. S r~'.;CC.;Y ~";lanner . Pardeo has s-c,at ,ed that it 

is of c. cbn.;cactc?istic diabase but basaltic at the ma::gins . It is composed 

essential1.:r of labl"adorlte 9 ~' - .tE:! an( ilmznite (~O). Other writers state 

-;:-: .at r.~::' ·,:~:"cls visible to the r:a':ed eye are 'White feldspa:."~ dull ~·e ·· ish-

b ... c..ck t.u6i-::,~ and amphibole 9 al~d blac!: h·o~ or~ of metallic luster (5). 

;~l".:,bo-;1gh i';;' has i, places a VEi7 high content of magnet.ite or iL--nenite, in 

o';';'he r places it is nearly void ·.)f :mafic rainerals, and elsewhere has various 

c:...";10un-~s of magnetite, pyroxene 7 and amphibole (62) .. 

b. Ampl1ioo11zctio!l of Hesozoic Diabase Dikes 

Gibson classifies all of the diabase-dio~it~ dikes of tb0 

Libb:;r c1is-'vrict as of Hesozoic a2:e because they cut across the l·!esozoic folds. 

.. . .. ; ,,) 



He assu.--:es that they are geno"';, _:..~lly r::;l a:t cc to the numerous small Hesozoic 

gr::tnitic intrusions v1hich OCC';.1':' in t l-:2:;;' t:Jart of Hontana . The rock of the 

dikes, vJ:,cro not hydzoothc::mally alte:,,'ed, is rr.a0e up chiefly of' hornblende 

&::c1 ~·.;dc8ine-oliGoc_ase) o~" l e.]::; commonl y of sodic labradorite . Hhere the 

hO~;101endc is f' OS~1 tb3ro is l it'':': 8 0::' no biotite. One dike contained up 

to 40% of augite.? all of it paJ. ..... ~ly a"i';:'0:''''", d '(.0 hornblende. According to 

Gibson, probably all of the hor.:blend,:; in tJh::~ dikes vJas formed by replacement 

of P7ro:::: :::: • If Jc hiD is ~Grue, rep:"acemen~G ha s bee J sot horough and re- , " 

C:"7o;·::' c..::.:::.:;:tiC:"l (;0 CO::Jpletc -';:,11a.1[. :::.11 t::-aCGS of t a e p7_~oxene have disappeared 

f:..~c:;} y.:'::::/':' of 'c::o dikes. Hornblv(lCe g:.. a ir:s in the oike.J resemble those in the 

" ItO ", c,;] " 'I'o a less j::t~;:-:.:; than in the 

~lc gioclase. Albitization of 

i~ ~ills, althoug hydrotbe~a 

::'~1 di CD is l'.7'J.ch :"::.. '., <'.dv~',_.:;..:. d tha',) i1: t1:o sil1s~ i<etallifel"ous 

C';~-'. o:.·_'·':., .,~." ... i'iJ 0" ·" 1'8'" ""' o~ ,'f" '-"~' t l.-",,· ., . .., <.·i 1 ' .... (11, '), '16) .. _..I _ __ 1....i ...... ~J. _ .... .., .;4 .&.\J v ... ,1 \.,; .. .1 _ .. Co. . ... _.t." \".1_..1..\,.1 4 

'::': • .::J :r-:o.::; ozoic fo_d:; b';l'C 0:'00::" ':" .n tbe ~''[e30zoic monzonite intrusions . Frank 

t:.ugi-ce ismo:o:-a or less uralit~ ::nd and a1so gives rise to some T.1atcrial 1"13 .. 

sc:-:.b ..... ir.g id "illgsite. T1ere i , ~n s cn:c: S?6c:iL1enS a very- little biotite .. 

Labl"'adc.:;':'ita is oC:':liopaque fro:;, j ecoYlipcsi -:'ion, and in greater part rep:~c d 

by sel~ci'ce 1 zoisi te and some :3 o!apoli te U~2)" P "J. Shanon says that C~lkins 

:..~~_sJ.;;uC:icd -'c.be di!;:e ::ocks sorr.tJ years later (19351) and found that the Placer 

Crcc:,-, clike con:.is.ins a li/c.tle hornblende and biotite. Chief constituents are 



violet-brOl<i11 ti~(,o:r.iferous aug" G' plCl,~ic:",lase ··yhich is largely saussuritized~ 

ar:d il1'l1cnite il1 large skc19tc ::o.'::'st::::.G. Another dike in the Murray distric"c 

T:::"s dikol) at ~~lch, is located ve~J close 

to a r,1c·"lzo::it.:; stock. ':'tc r c '. ~".. cc;::;:"dc;:.:'ably 8.;'(lphiool:lzed, apparently by 

.'""; -
- ~ .. :... ... - .:,"rr.phi".Jole has Hholly replaced the 

aUGite 11::: •• 0. ::'S edged in plac0_ :i'~h c"c~_,;..:' green bOl"nblende which may be 

(52) .. 

hn:; petrograpY,iJa':'ly c::.:L.-:1ined :::;~::::lplcs fro::'! t'¥l0 Coeur d tAle~e 

_ecat..:.':: c:-: -;:;::3 North Fork of Cc,,~ur d zAlci.1G Riv-:;r about 2?: r,:iles above its 

Jl:::c-~ic;;:. 'i:it: t:~o South FOl."k. It is seem in a steoP9 cliff-like bluff 

::....:.ffc::,,':: cc::sic(;;:'4.::.".Jly more fro:;! v:...:athc:,"i::g than has t e enclosi':Jg sedimentary 

I":,,;;a;:;oo)"':c.:l1y t.he folc8par~ .:t?p8.:r irregular in outline j/ bu.tG -"chis is 00-

c:::.usc arc cO::lposod cf' inte:,'locking groups of crys'~a- s .. I'~ is .. 
diffic~lt to fi~d a " r~ally fresh fracture surrace, however~ b(;;ccuse tta 

rock :1.3 dccw.posed f:-c:.l exposuro to w.:?n.thell"e It con ... va.ins rmrn rous c~.:;sely-

spacGd)/ inte:-sec-;:;ing~ iro: -ma I W3.neS\:9 stained cleavages, joints, a~1d f-:.." ctures. 

In thin section tbe rock appears non-diTectional and diabasic. Its', rilincral 

cowpo~ition ~s: plagioclase 20%, augite 20%, hornblendo 12%)/ a~d i~Gnite 11%. 

Acce:::sory fiii-:1e:.';:;.ls in tb3 order' of their abundance are: soriei .... "G 8%)} at:d 

b::"vtito, clir.o:3cicitcj/ chlorite a~d apatite. Ninor ~mounts of quartz, li..-:onite, 

and ho~ati~e are prosent. Toe textur~ is intergranular rather than oph~ti )I 
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bec:luse Jehe augite forms discrc~c grains amO:16 the feldspar crystals although 

some augite grains envelo? felts~J.-::r latts. Augite s Hhich shows slightly 

reddis:1 plco~h:'6i8:1,'ic suy'rounc3d by :i::'2.:t:1S of green uralitic hornblended plus 

SCC:nS little .. ·oo:'~ fo,,~ d u'ot. ~(i:E.::' the <S"':lp'hibole has formed by replacement of 

pyroxeno. IlmeLlitc is closel', ~s socic..t .:;j i'7ith 2ugiteJ/ hornblende, and biotite. 

Skele"to:1 i:'::;C:~1i~.:;e clooystals in :;:'~8.ces ~'0:r:n a net.i·]ork in waich one single' augite 

bioth.J <:":'::0 fl."c .:le''ltly sU::'l'c-..:r.. ds or fills S~~ClCCS in ilmenite. The plagioclase, 

Cl\;gi tc.l :,.':'::.:c':;:"co, c-l,d '0:"01-7:1 bi c-ci'08 C.?p.:; c::." to b.::. ~lr.;ost contemporaneous in 

c:--ysta::.i..iz.::/cio::.. Bro:'m biotL.s: g:"ad83 into gr-ee~bioti-ce or forms lamellaT 

i'nt(;r:,~,-""'-"':)':';--::'hs w::::-:: it. Both ty'?6S occ;::s ionally form la:"s~ plates, but the 

fine g:."':'incd g::.. ... ccn biot -te is difficult to distinf>llish frc:-n the fine grained 

d:'s·i:.ir:.; ' is: c.ble from it only by its 

of ~:~~~ than is the c:20ritsQ The fact that browQ biotite is more usually 

[.:::soc:',:.:~aQ trl.th ilr.:enito tJher:J:;:s gr0811 biotite is aGT.:ixcd vn:!ib chlorite 

::;..:ggcs'c:.:: that the bro'iT{l is an earlier biotite which has for., ed at higher 

·C .... :~pe:.~ tura than 'che green. 'l'bese relatio s seem to sugges"c that the ul'"alitic 

r:':'$ and t he greon bio';:;i te and chlorite fori',:ed by crystallizati01'l during 

c~clining tc~per~tura . They are probably late magmatic or deuteric. The 

plagiocl:lse is mainly labrado~ite. Many of tbe crys~als bave been strongly 

SOTiciJ"izcd •. 

~'1e second dike exe.mined is locat.ed in the Silver Summit mine about. 

1?2 miles 1;0::;-::' of Oabu.-n. The dike is approximately 9 ft. wide. It is 



located in St. Regis formation, "::,he beGs of Hhich strike vJest-uorthwesterly and 

, 8 0 8 .... 0 
d~p 0 -" N. The diko a1rilo~~ 10l. :,:~'l181s the beds in strike, but it dips 

about 7l.!° S. Since this dike ':.as cae:: s-t:·o:1g1y decor.1posed by hydrothermal 

solutions it uill be discussed i":1 r.10r;:: c :::: tai~ und :- rtRydro-c,nermal Alteration". 

Secu in thin sect,ion the dike l'o~k has .:: tc:;.,.-cUj.~u D::d c.~::,pou~""mce similar to 

of -cnG fine grained basz-l.·,:L~ ~'ock the chilled foo-c,t.J"all border of. tha 

l\Tor-~b Fo:;."~ dike. Plsgioclase} ... ?.it ._)-~8;i an d biot.i te have been completely 

decomposed to hyd:'''oth :.:':.'1lal mir:0r\!l s . .::.:.g· __ t8 grains have bee:'1 much 'ctta.cked-

but a con!Jidsrable p:ropol"'Cion ~a J8 3ur'viYr,d . Augite ,ohoX>."'"3 -;;;::0 sarr..e' ,pinkish 

plcochr iC:.'".l ,,:; t,: c.:l:. in the - 0:" ':: 1"0:.. .. 1: c:: .. ::~ . Ihtienite is frequently triangular 

0::' P01Y';O:1E:'2. :1:.:: .::: • .::::'1ine , but t;.~ :'e a1'.3 .::1 50 skeleton cl"Yst::lls consisting of 

thin para:'l-:.:" :.~cC:s connect.ed t)', ' ~r05 G 'b.J.::"":': . It exhibits the S2:.",:9 appearance 

locat~~ in the Crw1brook-l~nbc~: ~y re~~o~ . In this region are areas in which 

c3sc:ric88 this meta::::oi"p1:1ism as c: ralati v31y high grade, and locally intense 

(32) (36).. III the C_ark Fork c: i s trict ~~:3 nUJil€:rous outcrops of g::'anitic igneous 

rce;:c a . d peg.ilatit s. Ande14 sor: s 'cates that the degree of schistosity 01" 

metamo:":.:Jhisl'tl increases directly with the UiJ.iiiber or abundance of pegmatite . 

The sills are strongly amphiboliz~d (1)(6h). In the Libb;y district ' r ' Hontana 

t'.e:"e areS! according to Gibson ond Jcnlm, numerous small granitic intrusives 

and so~e largcl" o. s. \-1.14. Johns, ~vho is no~·J mo.P?::'l1g ':'i.1 that part of 

'!ontan:l~ has described "cha metamorphism as being of "mcdiulll' grade" (14) (24). 

-
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T:1G sills in Bou:1dtlry County 7 

large ::l.l"CaS oi'in-c:::;nsc regional ',1CC<L'1!O:'''Ph:.sm and granitization i'ol'Ylling the 

co:.".;) of t.he S0~kir!{ Range (28), The SlOPC3 of Mica Peak, 'IN st of Coeur dtA_ene 

Lake , are c •. tl:;:-c.cto:;.~i zcd by hi " -: Z-';'ac,::, To.=ioDe>.l iiiA"cam0l1'hism. Anderson found 

th::"c:: oands of Gz. ::·:~-cv~o:<d hc,r:',"olenc~ gr:8iss on the slopes of t.8 peak. 

7L:C3C bodies of g-.:c:ics, :18 st . = . '-' '\-. ~,_m sills (of t he sail1e kir.d ' as 

t:::) p::'c-C:::",:b:."1an ir/.:.:.. ... .;:ci v.:.:;) 'C_" :;~8foT'. , ~Q t.o g-.. ~ClSS duri.ng the intrusion of 

1,:c8ozoic b:::::':'o:it:".J (2). In "l :'L Cos'[;~.: C;. :~l::;r:e district mctt2.:,.ol:'phism is of 

ctocks -:.~.:::' Da.g P o.k. k.1phic .J:"iza"tic) of "c1-}e basic intr-usic:1S has been 

;,:':G 'cc ,-:,~ t:1e south i n t he Stw Joe Mountains, 

and "cc'::':: :"d t'L19 ca::.;·~ in the B::'t-'v,,:"'L'UOt. :,~o' '(:::'ai118!1 metamorphic::. of Be _'t, rocks 

is varic.ble i;.1 oogroo and is seC,1 a.~G "I:'::", sUTf..:co in hig:1ly irregular outcrop 

patt0:"~3 . Ii. a gene:"al i·]c.Y !1 l;:e·::'s:.',;orphim: i.., the Ste Joe Valley i ' creases 

tm:.:rC: ~::o KJst, a:1d "G01-Jard the sout.h ::s the Idaho oo:cbolith ~:.:. d its outliers 

ara c:~::;?::·::.c.c'hGd (40) (20).. Pardc-3 stat,as that the various diah::lst.:: sil:s 

bave s'..:.li'o:,,"cd radical change of t e j,.rtUT'8 and mine ral constitutic~1 as a result 

of me:.:.~:-;;c::phis;n. \.]here metamo:..~ .. )hism bas been thorough the diabase is altered 

to a b1ac1: schis':;oso ampbiboli t ,~ studdad 1>11 th red garnets . The H" shards sill 

outlic::",;:: of the Idaho bathob.' 

a.l.terea to mica schist, the S' 

l i ': t: '.: [,'i,iphibolize d, but near granitic 

l,le ::'" t i".0 ","{;closing Belt rocks have been 

'[''::is C;J <;!i\ altered to schis~c.ose amphibolite (40). 

Lato-~"fag;.:atic VS~ Kek1.l:!orphic k nphibolizatio:'l 

Pe"ter Misch sta!0cs that in the static recrystallization of 

"o;:3ic i;:.:::O"I .. J rock=- unccl'" r.esczon.:,l temper-atures during zo9gional metcruo:~hism, 



rlThore arc a .... 1 passages fro:n cc_:r,)~etcly recrystallized rocks (amphibolites and 

i::.o:!:'",:ble:~d:.tes) to such in 'tkic-.: only i rlc ':pient stages of formation of uralitio 

hor::blen~o are ob::c:"VCd:> i:i-C~: t:::: or:'.:::ir::.l calc-plagioclase quite often still 

pluto:')::'c ~ __ ~ vol :::r.dc rock3 r J .. 0 ~ .:",, ::' -':'ocEl l y due -::'0 heating under medium -- --.!.. 
te:npe :,"::.-~ u. :""'::'8:; m::u::. ly aided (. . · .. ..it e::·. Such mora local heating may 

~. "n,':: :..i .3Grlta6t s , or it r..c.'J be due to heating 

by i ti filtra"i:.ing ::Iletascmatising 

tt ___ ~".:0 from a flu'" nag,1!2 and ending 

'.:.Jr:n::.. __ :.r :..~: .:! c:'7,:.;-ta11ine agf- -~ 3C: ~e , ':: OVJZ';;; a Hide range of declining 

~v..; d:::':'::.:\, .. :~.J:-.'c St2.6eS of the p:: .! :::'1ged )L'c:-;ess of coolil."1gll ., --- IILatel" minerals 

f:-orn con-cz.."Ct 1;rith t: e magma, '~r :::y ~·till often be liable to pal""C.ial 0:" total 

l'esorp'~i • at a later a-iiag~; but lvhetber such r-aactions.? dc.nanded bJ~ -hemical 

equ:'li.b:"ii.::il, ac-e,ually ·take effect or '0001.:. "rill depend upc.?l the cO:1di tio::::;,\1 ~nd 

in p<:l:i"'::'i;::ula:." upon the rate of cooling". --- "If, mnl"lg to n '(;.00 rapid rate 

of coo_i~g or c~y oth0~ cause, tbese reactio~s making for cquilib:"iun did not 

a:3 . ",,'he mag.na cooled, some of -c,he co~stituent mincra_s of 



:"~~3ulti::::; roc~ must b:::; ii.1 a r __ ?t:._ '- ",: '::3 . It cannot be doubted tha.t, a 

roc~{ of ~UC:1 constitutio~ l-TE:" :;' -::'~T;i~"::r:L,ly susceptible of thermal rnet-

.::.:::orp:'i:J::-. ll ~ 1: __ - HO may confi·.· ~ .-e17 ::':~f(;::, that a mineralogical change in , 

C
· • i Q ; 
.-.1/0 In accordance with Harke~:s 

p::'OCC: S 0-: U' alitization of pyroxene in the 

. t',lB ;,. ~L:t.:13 of la-c.e-r.1ag.·.:o.tic cT"yst~llization 

i"[.~~ of .~::, !'·OC~f. heating of ·,,::3 1"ocks as a 

C::::'s.::::.~::..:::." a~~d "i;.h3 rOCK will bz conver'.:ed to anp~ ibol"te. The c.~closing 

bll:0 not. st:--i?ingly as are the 

.:.:..~a l'J.ore SUscc~Y~ible to a_teratio;. than 

I ::. a1 ... .:::8 of strong l"'3gio·,lal ,.st:i:, orphis~n and g1"ani"('izatiol schistose amphi-

bo~ites and garnet ampbibolitos may be produced ~ 

e. Interp:'etation of Amph':bolization 

Petl"ograpl1ic analyses of numerous investigators have shmT..1 

Jchat pyl"oxcne ha3 been u:."alH,ized to some degree in all of the exa"!lil1e 

diabase,-d:!.o:"i"ce intrus io:'ls of the map area. This is t·rue of both P:recc,lo:' . an 

a~d Mesozoic diabaso-dio::-ite int.rusions. That some of tie obsc::::-ved urc.::':~:~i-

zatic', has occul ......... ed as a result of cry-st' llization during the declining 

"----=- -----



t€DpCro.tures of a late-:"3agmati .,t:_~r:: ~_::~ indicated in diabase dikes of the 

Coeur d r Alene dist ..... ict. Here ' I ) ';iUl tc..Ti?cr~ature pyroxenes vlere partly 

is definec ::. the Glossary of "-2. :)1ogy (:7)" :L·t took place in all of the 

dia'.Jc.s:i.c :::;-;;'::-usions as a nO:c'iI:3.:. ~~;a~t of t.be -proc0ss of mag:n~:,:c;:LC cooling and 

A ::;o(!o::d i~-::V.; of <::,:pc.::,oolizc:Cion affected thos diabasic intrusions 

p~~.~, G:?c~i~lly in aE?hibolization of dikes located in faults and fissures. 

g:,' ade to cause aIap ,ibolizatio::,,_ c.:' di . .:lt.:s~ . Thin sections of diabase Shovl 

t,l1a-i:, the .. "oct: cmrc,ai'.13 no evici"'r ce of distinguishable metaYilorphis::n.. However, 

thel"e are arGas.? fo ..... eza.:TIple i 't1 or ncar the eugeosyncline, where Bel.!c, rocks 

';';i3!"e rnorG strongly met.s.:Jlorphosod and even granitized. Here th diabase in-

t:"USiC~lS we:"e j.'\3gionally metamorphosed to toe garnet-amphibolite facies 

;'nile inclosing rocks l-1ere converted to scbists and gneisses. 
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The effects of 't·reathering c:re quite evident in diabasic rocks at out­

crops. The rocks spall off i:1 sh::ets 'i·rtich break or cru:nble easily~ They 

a:'~G full of ::':'nute fissu~s and c:.~ackc coated '(-lith iroTI a.Tld manganese 

OX::'dC8 o Yet , the _ine~ls, 'Vnth ~(.::e c_:~ep-c:,o:1 of feldspar, appear fresh 

uncel" the r.:iCj."03CO~~ . Feldspa::'s of t ::3 . J o:.~::'h Fo:..n:{ dike ar0 frequently 

strongly seTicitized, although ::) o:-;:e grair;s are only sligbt~y sericitized. 

It is difficult to say' l'1eth 7.' -(:(-.0 alte:"'ed feldspars hc:..ve suffered 

saussu:"U.izatiCi:1 ue -::'0 de teric alte::-,:.:cion, or sericitization due to 

=:rc::. ... ot,be::'.:nl altGl~ati0t~ has L1 areas of ore mineralization been 

supe::·i:.:;posed UpO:1 t .e e2.:. ... _ier t: rpGS 0-;: alteration. Hydrothermal effects 

S'10H t~at t .e diabase-dio:'ite ir,t.l.·usi :::~::; , , 3::. ... 13 emplaced prior to ore mineral­

izatic:. I '(1 the Libby district, 'tihere rr.o"cac::"orite dikes (petrog; ..... aphioally 

si.T.ilc:.. :..' ""c, . P:'~()Cambl'"ian sills) contain r.:Gt2_1lifel~ous deposits, -::'hey are in 

general IT.O::'.:3 thol."oughly altel"ed t'ban aTe those not containi'(lg metalliferous 

deposi ts.. In the a1 tered dikos the hornblende has disappeared ~ "No import. ant 

lne"vallifcrous deposits were seen in dikes 01' parts of dikes tha-t contained 

much borc.blendo or plagioclase, for these rninerals Here destroyed by the 

solut.ioi.'ls that depos ited the oro minerals (14) . In the vicinit.y of 

metallifeTous deposits the dikes are altered to chlorite, sericite, carbonate, 

quartz, and biotite, Hith lesGer amounts of clinozois~te, epid te, and 

o~her miner~~3. I~ tha Coeur d'Alene district the writer has seen simil~T 

alteration in d:;'kes vJ;.:'ch were formar .... y diab3.s:'c" For example!) ':'n t1:z 

Silvor SUlI.;nit mine a diabase dike is bigh-y 2.1tered . Fine g:";::"-,:ed augite 
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:"uch ,:: o:..~:coded. The plagioclase has been 

co::npletely converted to c- ay eli.,:; c21ci"Ce. Pract':'l3ally all of the biotite, 

hornblende, .::.nd mos'(; of 'CGa aU[;j t e has be/3D converted Jco cblori te. The 

St. Regis ";8.1lrock adjacent to ti13 dike has been bleached and ir;::.".~8gnated 

of this dik.J to hydrot .8:""::::'::' ~ ·j:,j·0ions we.ieh trair8 led in tce fractures 

sun:;'1.::::." -Co t· .. 0C~ ·~h~·c caused uallrock "o'!.caching 0:" 0:"0 depositiol1 in the: 

1'.1 Butte :;-'::_C.:1 . · I'::' 11e3 at a gre~te:r distance from tta TOV! of Ger.l monzonite 

However, it strikes N- Sll and the 

C:'C':::V2g0 c:.:.: "ocdC}::'ng air-act,ion::' of enclosing country Tock stri -e s as to 

:'''C :'~:,l r.:;. e:.:t.c:.:::>io. of the rOi-1 of Gem stocks. This dr~c is of a more grcenish-

:;_'~y color than is the 0'1e at Cr.·,::ont gulch. Thin sectiol:S show ·t.he "ill.erals 

.::.:1 to be seco::dc.:;:'y. Tto te}.:tl. "(, is n~ij ·0y~icaJ.. of that of ig-.. 1eous rcc!cl? 

., at is co-::.fu.sod by abu :1dan'li incl-l!sions of ore mineral in u".1ot.he~.. The ~vd 
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abunC::~nt cOo sti.!cuen'c is albite 0 Sccc',::i is oeep-green chlorite forming large 

felted a gg::'egate:3 . A good de.::;.} ,yi oli v;)- oro\-:'!1 biotite is evenly distributed. 

A good deal of qual""'cz is p:-escf;-(" Are':::8 of c0.10i te some°t.imes enclose grains 

of roll othe:" r.:i:-,:ro.ls . The irc',1 Ol~e i s .... c ue to the origin of the rock. 

It cO:1si~-cs of v. ... ~ir.8 c:-.lc8ddcc :::: '~ho ~".::':~()d chlor:i:(;0 . -ts grains ShOt-l tbe 

I'1 B:d-tis:1 Columbia tt..;o °types 

ao,1g1es c:x:a only CA-I:.z:.:d a 0:'10:" ~ ':'b00,mcc; 0: no'::' at all int.o the sedi:"nents on 

zi1:C, :c~,:.) ::',:0 t:..Jually some S. '0 ~ . S ::::. v" r is oresent i1'1 some of the veins. 

'l':').o Cli.:sc,.:':"12-ccd sulfides are of t he cw.~·3 Liinera1s seen i the vein 

'::CU:i.~l"':;;;:::CQ:::: . T".eso doposits sh~~J tha·i;. t b.;3 ore mine:"a1izatio occurred 

af'.::.er tl-.e i:'.!':'TU,sio"llS bad become: empl aced z:n d consolidc:-'ced" 

Tho dis3~ .inated deposits ~·; 3r0 considered btl some to be prilnary deposits 

f01"::1ed by oag:r.atic segl"ega"'don. 13"ut Rice has pointed out that the ois-

fi."&C';;'U:"CS bavo obviously f " ,{jed after the rock had beccme consolidat.ed. 



f:"aetures. There appears als c '"..; .)8 ~ . .. _."~iC'rC1s betT;1een vein deposits and 

cJi306minations . (4 5')(65)0 

I,. Bou:::d::':7 County ~ Idahc ·'Cc·;:-:(, C c .~ -~ rr.e-calltc d':~Josits are asso:::iated 

t he eonta -c of the 

rock3 0:''' vic;:. v.:.:.;· ........ ~ ':'nsteac1, - 1-::;7 pa~.'ll ... 81 thE; genoral s-r,:"ike of t.he sills. 

T~o Loc:.lly ';,i:;;y .:.,.. 
~v a t"hj ckness of several feet, 

out. In pla~e8 the broad~ 

(kpo8:.:~':; of d:'osE.:nir:atod sulfide..;; .::!.re '~hough-t ·co have fo:rmed "bJ m~gmatio 

fio:'d vv:.ce"(.c cs."Cl be found of a s·~:;,·uc·CU:"- .. hien might bav~ allo~,]ad i.-

t:,,"vouc;.:.i u of sulfiGes into the ::;ill (27). 1" e ere of magmatic segregation 

deposits cCiU"::':::.ins nickel and co?per, but tbe ore of the vei'i.,) deposits is lead, 

I":~ 1:::8 Lib y district of ;'C·'lto.na ~che metadiorite dikes and sills fre-

(uent_7 cc;;:~:.i~'l silver-lead vc , ~,;k: ~.-::;, the ~old-quartz and copper veins 

L':' , -t.tOJ.f~h they are larger, more numerous , 

c.·.ld more i-Tl 9sp:'ead ""han the ,.' 

on ly one p1~ospect in a sill b a:. :;,':;C(1 Pl'oQucti va (16 ).. HO"t-1ever, s orne min · s 

·~o.v,:; bae:"l opened i,) t,he exte:-:.sive sills bet~~8e:'l Perma and 

Plc.i~3, MO·.1"CG::1U. A mine on Rc'~'~is Cr"eck produc·~d ore fro..-n the oontact 



be-'c"leC';'l a large sill a. d Ra'!: ,:,;,. :. ':" ::·OC~(o Ore contained copper, gold, 

platinum, p~llt;!di"llill and silvc . ~i·;:,-,',_8 3ain. is available on the d posit. 

(.._:~.2?le, a highly ~ltc:"od dike ale: g 

pyritc~ 

,6) .. 

: .. :::::.0: _.:..~ . :,~oucit .. ~ irl by solutio::s from outsid sou .... ce:s whic: :: .• l .:..d d the 

::.::;(,1'"',,:,..., ic.::s cl011g :Z'.::.u _t~, frOoctures, shear zones or o·thaT cis(;o'.Tti::.ui ties. 

~. 1:::mally also cOYl'caining coposr, iron, and some gold and silver .. 
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Sm-::'1ARY AND CONCLUSIONS 

IV'i"thi:1 the ~::aa of Fig. 1.9 the volca:1ogenic-sedime"tary- western faoies 

ovor ai:) by eugoo::;ynclinc.l-tzrp:... 8cdincnts and volca ics of Lo.<]er Paleozoic, 

Ca~bo~if ~ous.\l T71assic and Jur ~sic ~go~ These a_v strongly d formed and 

E-,-;+ ·_.v 

Protc:."v::O::'c c:~.::. ~ 

to -'eli. UG3.gc. 
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T'he sedir.1etTcary eastern ;;::cics ca:n:;>rise miogeosynclinal type Belt, 

r.C3S of Pr8c<:~,1~:""la:1 bc.s:"c V01.;.,':':::"C5 i .:;vccl<::.:::'~ i n places by sedmentary 

roclQ of Lmv~:" Paleozoic a g-:l o D::",--bas.::-d::'c:."itG sills, and some dikes, called 

Tl-::ese a:;."\.;: of ?-.cec::l111bria', a ge . Diabase -

diorite dikes of iYiesozoic age ~ ~~e prese::-.~v especially in i.'1o:rth'Vlestern Montana 

'?c.:.~cc;::) :'°ocks are ~;",ll cc :~...::o:icJatod but g,,·.1e:. ... J.lly only slightly 

forIn::;:c.ions ,,:p~)2al" cC':lfo:-ma hle!) 'V1i t~1 g:.'c:cci:.ional contacts l' 

:t '[.he 88st e::''O of B,Jltia:1 

C" --.- "'\C""-" p. -- • ., _;-'u ..... __ v .......... .. .4 'f 

In l,:)r:t.ana l'1iddle Ca"nbrian roc~(s lie on 

'G·_~ '.?~:.:· ::;::;:'0 i'o:,:,,: .. ::::tioi'1s with a. ::;::.2.11 anGular unconformity or disconi'o:''''ll'lity. 

::'.1 I ceho tho Be .... ~c fO:'''';rlations :~l:; cut '8y the present e:.""osion surface. 

F -atures v7hic:1 r,1:'Y be used i r .', :-'I~':) ar,~a5 as stratigraph:.t.c mar!<er horizons are 

' ':-'Q 8 NC'-1land and Striped Peak ~·(,:cm2.ti(';;:s ~ the Fu:;,~cell basalt lavas, and 

volcanics and conglomerates at the base of the Windermere series. 

Windo:.--:::erc rocks a"~3 fO'll'-;C: onl y 'in scut'heastern Br "0ish Colu:.'llbi'l 



22) 00:) foot in thicki'less have: .. ':C1 r.:c::sured. In the vicinity of Lake Hindermere 

tta series is present only h l ~"3.rt a'n d Cambrian formations lie on Hinderme1'e 

C<::i1adian geologists reg,· Y" t h E: ~>t:rc811-~'Tinde"":illere breaI-., as of great.er 

eastcr-D i.".::: ~l':d::.gton tbe Hinder:-:, , ~ ".:"c-C:::.:;,'J:c"ia',1 break appeaL~s 'co be of a t least 

G'r:-:;.::::;:;o i p:.~esented 'V;,;~ .;11 inc:,ca':'es that the Belt (Purcell) fo1'-

es::;crn-c.i::llly Aiddle to en:;:> -',! - ;" "'o: ' :~, , :()z oic i~l ag, but the 

They are 

oldest f'o1'-

Tilativ'.l :'5 :::.:c least .LatG-LmoJc",· ?c:c"tc:.~~ .:,'.., ::'c. ~':indcrmere rocks are latest 

?:"O-t;:;:'0~ v:'C. T' .ey uere dcpo::; ited curL'!?; the erosional interval that 

gOy:';; plu-(,mlism app.=:zrs to havG occurred in at least tbree s t ages: 

Early iyr::.:.. .... u:::;io:-:s WG1"3 empIe", at, tt:; :'::'.d of the LO'tiJe1' P-.cote?ozoic~ In-

t e rrr.edia-C0 st.:lge intrusions .;c :ce emploce:d. at the end of the l1icidle 

ProJ~erozoic. T'is stage included th:; :?urc 11 volcanic activity. Late 

stage intrusio:'ls accompanied t.ne Eas"0 Kootel'l y orogeny durir..2; the middle 

to late _ Upp(,r Proterozoic. '2'his stage included the Irene and Leola 

volcanic activity. 

Diabas dikos of Mesozoic age a~e co~position~lly sinila~~ or 

icsntica_ to Hoyie intrusions. They are especially mnne~ous in norih­

't18stO:'TIYIlost }lont~na and northern Idaho. Although their source area 



!':lay have beC::1 s:L.i1ilar to the 

r ,;::latea i n time to t b la:.:.te r 3. ':-:'c the::ai'ore should probably not be in-

cluded undo::, th3 ter .. n !lMoy"lc - . 
Ai'i,P: ioolization has o(;c;:· :: 2':: i n ~~ :.: of t.he basic intrusions, Pre-

C:1i1!b:dan as 1-:ell as HGsozo':'c" :' 01 ; r~_·~,Cc of urali tizatio~ took place 

during a late - magma tic stags cryCG.:::.l1ization of the magma . It i-IaS 

a normal par'e of ·chs procesc c.-=~ i:'Wgr,,:..:t :::.c cooline; a:::d "L'"J3tallization .? and 

cannot be c01"related .. Jit: t~2 s :'mi Lti on of enclosing sedimentary rock. 

A second !lava of ampbibo"izat::'c:.l affGcted those diabasic il'1trusions v.lhich 

'Vlere 10cc.t~d i1 or near areas tnat "t·!3 ~\..: :'nvaded by Nesozoic gra~i tic 

plutor::::. T:-ii:::; amp:1ibolizatio:: :'''c ,Jult::.o f:."O;.1 ttcrmal meta;r.o:c'phism, aided 

by mJ.6':;.::,·(;ic <;:-.:ar.ati0l'13, c~ ..:se d 'by hec.:'c ,::ntroauced by -che plutons. High 

gr.s.dEl ",:::·~r .. ibolizo.tion occurred c:1ly i n 2.:,,~eas of Belt Tocks t hat were strongly 

rr.6t.::mo:.'p:-.vsed and granitizod on a rogioi1:J. _ s;::ale e Here ·cher l~ere produced 

Eyd:.."othe:":"n2..l.. al'\:'e1'atio~ ~~";" in ar ee:.e of ore miner-alizatio: been 

- ~::..eration . The tydrother:71al. 

a:-'cer':" ;:; i,,~ tended to elimina~, -;, -:C: . _ ::: .. !p'hibole, biotite and feldspar. 

T~1ese 1-:01'0 replaced by hydro't. .' . .:-:1 ;,:·.;.:!::~ls s uch as clay, chlorite , and 

c~lcite . 

Hydrotlo:'''mal alteration 8'1(; ere mitJ61'3.1ization in t he intrusions snO""rs 

that Hosozoic diabase-dian te d ·,kes.'l emplaced subsequent to folding of -ene 

rocks, ar~ older than the ore deposits. 

EDgi·(l€o:.~ing and C-eological Off Ie ::3 

Eccl2. l>li~'1ing Company 
Burke, Idaho, U.S.A. 
Decomb r 27, 1903 
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HISTORY OF THE SUNSHINE MINE 
By 

R. L. ANDEROON * 

For the information of those men unfamiliar with the Coeur d'Alenes, I 
should like to begin with the early history of the entire county, then proceed 
in more detail with the Sunshtne . Many individuals here today have helped m~ke, 
have been a part of this early h:i.storic development, and could add many interest .. 
ing details. 

I wish to acknowlF.dge here excerpts from an article by L. C. Ri~hards in 
the Kellogg E-venLTlg News ; also from f:First 100 Years of the Coeur d'Alene Hbi:Clg 
Region" by li. E. Greenough~ e...'1d oral statements from many other individuals. 

Shoshone County wr.S originally 'created in 1858 as part of Washington Te:;:-ri­
tory, then, after five years, became part of Idaho Territory which was created 
:in 1863. 

Prior to this, however, in 1846 - 105 years ago - a Jesuit mission was 
esta.blished just outside the present county line near Cataldo, and in 1851, 100 
years ago, the erectio~ of the present Mission structure was begun. Earlier still, 
:in 1~05, Levds and Clark sk~..rted the southern end of the county (as it was origin­
ally described) fifteen mUes scmth of the present town of Pierce, Idaho. 

The area once cO!ltained in Shoshone county, consequently, was a part of 
the national picture as ea:21y C'.s 1805 when crossed by the Lewis and Clark expe­
dit,j.0n . Tl1e Coeur d i AJ.ene Hintng District was crossed later by Captai.'1 !-1ullan as 
he made a :;"econnaissance i:.1 ] 854 l.'tnd 1855 and later J from 1858 to 1862, buH t a 
wagon tr!3.ns;>ortation road through Mullan, Walla~e and Kellogg from Fort Benton to 
Fort W&lla Walla. 

Al.though Shoshone County was created in 1858, it had no county government 
at the time that E. D. Pierce caused national recognition of the county's i~portance 
by discoverL'1g gold at the place which to this day bears his name, Pierce, Idaho. 
The cry 'fGoldS II blazed thru the nation causing the usual influx, and by the SllL"'lIller 
of 1861 several thousand men milled about the Pierce area. County elections were 
held that summer J making Pierce the first local seat of government in the present 
state of Idaho, and Montana as well. Major gold production from the Pierce area 
continued through 1865, dvTLTldling by 1870 to a trickle. From these dates it may 
be seen that Shoshone County made a sizeable contribution to the North in ~inning 
tha Civil War. This old camp is no. langer part of Shoshone County, being now in 
Clearwater County •. 

In 1882, when Pierce had practically attained the position of a ghost camp, 
the shout "Gold!" again echoed across the nation from Shoshone County, this time 
from Eagle and Prichard Creeks, north of Wallace, in the vicinity of the preselilt 
tm..rtls of Murray, Prichard, and Eagle. By the summer of 1883, the rush was on and by 
1885, with upwards of t.en thousand men in the "North Sidell, the county seat ',las 
moved from Pierce to the thriving town of Hurray. 

A cammon fallacy persists in this district today that following the gold 
placer mining at Eagle and Prichard Creeks, prospectors overran the South Fork 
c01.mt.ry frCA'll Mullan to. Ke1lagg and made the firs:t lode discoveries in the district. 
It is true that all the important discoveries "Tere made by these men, but not the 
.first. Andrew Prichard, discaverer of gald on the "Narth Side" in 1882, had found 
~~e Evolution lode four years earlier, in 1878, but did not record it until April, 
1832, four months prior to the recording of the gold daim on the "North Side". 
Probably the first recarding of a . lode claim in the county was the Glen Beula, made 
by William Gardner, on August 18, l8~1, near the mouth of Pine Creek, and now known 
as the Coeur d 'Alene Antimony. This recording was made in Kootenai County, as was 
Prichard's, because of the inaccessibility of Pierce, the county seat of Shoshone 
County. Prichard, ho,.,rever, later relocated his claim in 1885 to "change the records 
from Kootenai to Shoshane County." It is true that the district's first shipper 
and greatest producer, the Bunker Hill, was discovered in 1885 by prospectors . from 
the ''North Side". Likewise, one year before, in 1884, "North Side" prospectors 
located, up Canyon Creek, the Tiger, the Poorman, three days later, the Ore-Or-No-Go, 
Black Bear, Frisco, Gem and others. Near Mullan in the same year were ~t~~e4 th~ 
Gold Hunter, the Evening, the Morning, and the Castor. Furthermore, in tI~fs :trnPQ:r"lr 
tant discovery year of 1884, the present "Silver Belt" or "Dry Belt" W~l3 th~ 
scene of two discoveries, the first, the Polaris Lode in August, and 0n~ ~qnth ~atef 
the Yankee Lode, on September 25, 1884, by the brathers True Blake anq Pennt~ Blak~~ 
The Yankee Lode became the nucleus of the present Sunshine Mining Comp~y' h9+dipg~, 

The Blake boys, as they 'Were known, located other claim~ agjaFI3n.t to t.he 
Yankee claim and patented the group in 1909. From 1884 they worked inte~lttently 
but diligently far thirty years. At the time they patented their c1a~~str~ir 
energy was shown by ten tunnels, numerous open cuts, and a shaft for a tQtfl ! y~lua~ 
tion of $18,140.00, exclusive of raises and stopes. All this work ~~ dope :without 

* Chief Engineer, Sunshine Mining Company 



the aid of any hired men. In addition, they found time to establish ,a ranch at 
the mouth of Big Creek, now occupied in part by Sunshine Housing Project and the 
Shoshone Country Club. 

Very little is known of the production or receipts from shipments made 
by the Blake boys, but estimates and assumpticns tenJ toward $100,000; perhaps as 
high as half a million Jollars. The grade of their ore vdried from 120 ounces per 
ton to 300 ounces per ton, probably in few cases exceeding 300. Although s:>me 
people had the idea that · the Blakes were most secretive, they almost always let 
anyone visit their workings, even take specL~ens. The Blakes worked hard and long, 
hand-pick~g the ore from tiny stringers, mostly less than an inch thick, and at 
times r..and-jigged their product before shipping to East Helena, Always hopeful of 
a bi5ger, richer vein, they were elated when l2oo-ounce ore was 9iseovered across 
t~1G creek and a littl,e north of them in the upper workings of the Big Creek prop­
erty where work had been done for some years by G, Scott Anderson and associates, 
?his property, now owned by the Bunker Hill, has been renamed the Crescent4 

Some time about 1914, the Blakes relinquished their mioing ·activities to 
l easers, the principal ones being Sidney Shonts and later, Dan Price. In attempting 
to cut at depth the ores of the early day workings, Mr, Price expended a large sum 
of money driving a l500-foot aait 500 feet below the lo"rest previous workings. His 
resources exhausted ~nd success not in Sight, he interested Mr~ John Sawbridge of 
Yakima, \lashington in the venture in 1920. Hr. Sa"lbridge, in turn, interested Mr, 
A. E. Larson, Mr, Alexander Miller and Mr. N. P. Hull and "dth their backing some 
of the work was carried on, These parties soon acquired the Sunshine Mining Company 
which had been o.ganized under the laws of the State of Washington in 1918 and 
through this company Mr. Price's lease and bond for deed were obtained ; the Sunshine 
Mining Company then proceeded to develop the ground. 

Later on, in 1924, Sunshine Mining Company purchased the Yankee Girl 
Mining Group in which Mr. J. B. Cox of Kellogg was interested. It was at this time 
that Mr. Cox beCfillle interested in Sunshine Mining Company. 

During this time a small mill was constructed, capacity about 25 tons per 
day. Mill equipment consisted of a small Blake crusher, a set of la-inch rolls, 
three sets of Hartz jigs, a set of Zeigler cells, a Wilfley table, and a three­
foot diameter P & M conical ball mill for grinding middlings. A product ,,~s made 
averaging 150 ounces per ton of concentrate. 

A l50-ounce concentrate now seems poor for the Sunshine, but let us look 
at the vein at that time. Below the Price tunnel the stopes were in a vein from 
which assays of 1500 ounces per ton were common, but most of the time the width of 
the ore in the vein ~s a half inch and less, in places widening out to 8-inch or 
la-inch blebs. From this section of the mine an attempt was made to h~ld the mill 
heads up to 15 ounces of silver, but the attempt was often unsuccessful. The ore 
was hoisted up the vertical shaft fram workings as deep as the 400 level, dumpeJ 
where chunks of ~ste could be hand~sorted out, then transferred into the pocket 
to be trammed by mule to the mill. 

During this same period there were months when the company continued 
deeper into the red. Each miner was given a set of steel consisting of a starter, 
a second, and a third. When the steel was too dull to drill - no more was avail­
able - the miner left his working place for the surface, got his three pieces of 
steel sharpened, and went back to his working place to try to finish his round. 
Hany times the coffers ",ere empty, could not supply money for wages. Men were 
given orders for groceries and asked to take stock for the rest. 

When the vertical winze was extended to the 500 level, the crosscut to 
'the vein disclosed a slightly better value of ore and drifting proved even more 
en~ouraging. Stopes above the 500 level knOl.ll'l as Chinatown, finally paid off the 
company indebtedness, reportedly about $200,000, and at the same time allowed 
further exploration and development at greater· depth. The company after the summer 
of 1927 never again was in dire straits. 

Prior to 1926, numerous eapable but unfortunate men directed operations, 
names such as Merriam and Beaudry, to name but two. In 1926 C. C. Samuels was made 
manager. Shortly after~~cl, a two-compartment incline winze was started down from 
the 500 level and progressed intermittently to the 1900 level. During this t~e an 
inclined shaft raise was driven from the 500 level to the Sunshine Tunnel which haa 
been driven to repl~ce the old Price Tunnel. I 

It should be of interest here from the standpoint of labor cost~ to note 
that a large portion of the 2 .. compartment incline winze YJaB sunk at day's pay -
$6.00 per shift. Nine men progressed about 65 feet per month. Th~s mea~t ' ~ l~por 
eost averaging $21.00 per foot. Later, when a bonus s,ystem YJaB institute4 lone 
month's advance of 108 feet was made by two three~an crews, They were p4id $6,00 
por shift. After 60 feet of advance they were given a bonus of $5.00 per f09t 
for the first additional five feet, $10.00 per foot for the next five feet~ $15 f OO 
per foot for the next five feet, and $20.00 per foot for the remainder. The men 



made that month slightly over $11.00 per shift. They were elated! Value received 
by the company vJaS 108 feet ;of two-compartment shaft at a labor cost of $16.00 per 
foot. The company management also must have been elated. 

But to get back to production and profit, a dividend was paid for the 
first ti..'lle late in 1927, and "Chinatovm" continued to enable the payment of divi­
dends for several years. At the same time, it enabled the further sinking of the 
incline winze to the 1700 level. Without the "Chinatown" stopes, it likely would 
h5.ve been "touch and go" from the 500 level to the 1700 level~ But in 1931 a 
bonanza was struck on the 1700 level. The vein, in not a few places, 20 to 23 
feet wide, was sometimes solid high grade. The low price of silver made profits 
s·nall, but production was great. Sunshine ranked in 1931 as the largest silver 
[-roducer in Idaho, second largest in the United States. Sunshine production in­
creased yearly, breaking its own record every year, until, in 1937 it produced 
12,147,719 recoverable ounces of silver. This placed Sunshine as the largest kno\m 
producer of silver from anyone mine in 1937 10 the world. 

In 1934, Mr. A. E. Larson, Who had been President of Sunshine Mining Com­
pany for a number of years, passed away. Immediately thereafter, the Board of 
Directors, acting in accordance with one of Mr. Larson's expressed Wishes, elected 
Hr. R. M. Hardy, an associate of Mr. Larson in other ventures, as a Director and 
b.S President of the company. Soon thereafter, in January, 1935, Hr. Frank Eichel­
berger was designated Vice President in charge of operations and ",us in active 
nlanagement of the property until his departure the next year. Then, in 1936, Mr. 
R. D. Leisk became General Manager, retaining that position to the present. During 
this time, as production increased yearly until the war, unique working agreements 
betvreen Sunshine Mining Company and its neighbors allowed and necessitated an ever. 
growing program of eXploration and development underground, and of surface plant 
expansion, all of which continues today. 

Meanwhile Mr. Joshua Green of Seattle had become a member of the Board of 
Directors, as had Mr. C. M. Hull of Yakima upon the death of his father, Mr. N. P. 
Hull, and Mr. Frank M. Hardy upon the death of Mr. Alexander Miller. 

Probably the most important discovery in recent years in the district was 
made at Sunshine in 1943 when high-grade lead and silver ore was found in the 
Chester-Syndicate vein and fault zone. It proved, in the "Dry Belt" at least, that 
valuable ore deposits may be found at great depth without encouraging values in 
the same structures at or near the surface. In 1945 and 1946 a serious underground 
fire halted production for two months and ha'llpered production for several more months. 
Disclosed in July, 1949 was the presence of primary pitchblende in and near the 
north side of the Sunshine vein at its west end. This is, at present, of question­
able economic importance. 

~tarting 20 years after the initial discovery of the Yankee Lode by the 
Blake Brothers, recorded production for the period fram 1904 through October,195l 
is as follows: 

Tons produced 
Ounces Silver Recovered 
Ounces Gold Paid For 
Pounds Lead Recovered 
Pounds Copper Recovered 
Smelter Returns 
Dividends Paid 

4,273,429 
132,664,769 

1,248 
82,579,680 
34,499,567 

$97,801,652 
$29,969,969 

In addition to the listed dividends paid directly to Sunshine stockholders, 
Sunshine has paid neighboring participating companies in excess of $12,500,000 as 
their share of production from their areas. 

A matter of varying consequence to practically every mining company in 
the west and of first L'llportance to &mshine is the price of silver. During Sun­
shine's lifetime, silver has ranged from a low of 25.01 cents in 1932 to a high of 
132.827 cents in 1920, and is now purchased by the Treasury Department at 90.5¢. 
The arrangement provided by Act of Congress under which the silver produced by the 
Sunshine and other danestic mines is sold to the Treasury Department is not too ",ell 
understood by the general public. Briefly, it is as follows: 

When newly mined domestic silver is delivered to the United States Mint, 
the Treasury Department pays for 70% of this silver at its coinage value of $1.29 
per troy ounce. The remaining 30% becomes the property of the U. S. Goyernment 
without payment. The 70% of the silver is then converted into money either by 
coining it into dollars at $1.29 per ounce or by printing silver certific~tes ex.,. 
changeable for silver dollars on demand, and in this manner the Treasury Depart~ 
ment is reimbursed for what it has paid the producer. 

The 30%, which is retained by the Government without payment, i~ called 
seigniorage. Frequently this silver is minted into subsidiary coinage, haft 
~ollars, quarters and dimes, in which the coinage value of the silver is slightly 
more than ~1.29 per ounce. Whenever this seigniorage silver is minted into coins, 
a profit is realized by the Government of close to $1.29 per ounce. 



AS an example, if the some 132,600,000 ounces of silver that have been 
produced by the Sunshine mine had all been delivered to the mint under the present 
regulations, the Government yould have received 30%, or 39,780,000 ounces of this 
silver yithout paj~ent, as seigniorage. This converted into silver dollars would 
have netted the Government approximately ~51,000,OOO. This hypothetical example is 
merely given to illustrate the extent to Yhich the Government is a silent partner 
in the mining of silver. 

If all the recorded production of silver from the Sunshine had been minted 
j ':'1-tO silver dollars and if these dollars were placed edge to edge, they Youlu form 
~ silver band 4,050 miles long diagonally across the United States from Maine to 
I"; ~' l ='--fornia or from Washington State to Florida and overlap into both oceans for miles. 
L' these same dollars yere stacked like poker chips, they would form 1,426 stacks e.:;' 
1.:.gh as the 1250-foot Empire State Building. 

Sunshine - - rebuked, derided and rejected during its infancy by most of 
'c11e prominent mining men of the district and nation, hampered intermittently by 
'for est fire, flood, labor strife, and underground fire, eventually became the 
ti(: i.nJerella of the Coeur d'Alenes", and continues to increase the nation's Yealth by 
an amount which already exceeds ninety-seven million dollars. 

• 
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With respect to ground water, the region can be divided into at least four pro­
vinces whose extent is determined by geologic, geomorphic, and climatic factors. 
These four are: the Northern Coast Ranges province, the Puget-Willamette Trough 
province, the Columbia Plateau lava province, and the Northern Rocky Mountain 
province. 

The mode of ground-water occurrence and the major ground-water problems of 
each province are described; the status of systematic ground-water surveys in the 
region is also reviewed. 

INFLUENCE OF STRUCTURE ON ORE DEPOSITS IN THE COEUR D'ALENE DISTRICT 

BY JOH N B. PLATTS 

All the phenomena of structure, igneous intrusion, and ore depositions in the Coeur 
d'Alene district may be referred to the action of a recurring lateral thrust or pres­
sure from the northwest toward the southeast that was general over a large area, in­
cluding much of the Pacific Northwest. 

The lateral thrust folded the competent Belt sediments into a series of northeast­
striking folds with their steep sides toward the southeast. Igneous intrusion followed 
the planes of weakness in axial shears of anticlines. Discussion centers around one 
of these folds called the Coeur d'Alene anticline. 

Periods of heavy thrust alternated with quiet periods. After stocks of quartz mon­
zonite had been intruded into the folds, further movement developed a regional 
shear and a system of major tear faults. 

High temperatures accompanied the monzonite intrusion, and each succeeding 
thrust caused a temporary rise in temperature during the long cooling period. Old 
fractures were reopened by each recurring thrust, mineralizing solutions found their 
way into regions of tension in the fracture system, and a series of ores corresponding 
to falling temperatures were deposited . 

The principal mineralized areas in the Coeur d'Alene district are described in a 
general way. Conditions found there support the above generalizations. The prac­
tical application of structural data to the search for ore is discussed briefly. 

ALASKA'S AGRICULTURAL FUTURE 

BY W. A. HOCKIE 

Opinions differ widely regarding (1) possibilities of Alaska agriculture, (2) amount 
of suitable land, (3) location of these lands, and (4) success of present agriculture, 
but 'a study of the physical factors points to ultimately successful agriculture. Al­
though many natural and economic factors are important, the individual seems to 
be a dominating factor for or against success. 

Present estimates indicate that ~ of Alaska's 384,000,000 acres is agricultural, 1h~ 
grazing land, %00 now in farms, and only about %0,000 of the Territory yet un­
cultivated. The best lands are around Cook Inlet and around Fairbanks. Occasional 
truck, dairy, fur, and diversified farms are successful, but there are many that have 
failed. The government colony at Palmer is the present agricultural center of the 
Territory, with half of all cultivated land in Alaska within 10 miles. The other culti­
vated lands are scattered in hundreds of localities. A wide variety of crops and of 
livestock is grown. 

The first detailed land-use studies in Alaska are now in progress in the Matanuska 
Valley. Aerial photographs show large areas of both good and waste land including 
an almost inconceivable variety of physiographic forms. 
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Wind erosion presents a real threat to cleared lands around Cook Inlet, and soil 
washing and sinking of land are serious land problems in the Fairbanks region. 

Agriculture has shown relatively little development to date, but, judging by success­
ful farms in many localities, no fundamental reasons exist why agriculture in Alaska 
should not become a successful major industry. It can become another Scandinavia. 

EPOCHS OF VOLCANISM IN THE SALT LAKE CITY REGION 

BY HYRUM SCHNEIDER 

The geologists of the "United States Geological Exploration of The Fortieth 
Parallel" mapped seven areas of extrusives east and west of the Central Wasatch 
Mountains as trachytes and apparently considered them all essentially alike and all 
younger than the Eocene sedimentary rocks of the region. 

A field and microscopic study of the volcanic rocks mapped as trachytes in City 
Creek Canyon, just outside Salt Lake City, and of the extrusives along Silver Creek 
about 20 miles east of Salt Lake City, shows the rocks to , be Paleocene andesite 
breccias instead of post-Eocene trachytes. 

An oil well drilled about 2 miles north of the Salt Lake Airport passed through 
a 2¥~foot bed of pumiceous tuff at a depth of 1308 feet. Elmer Berry determined 
the fossils of the associated beds as late Pliocene. 

At 60th West and Magna road near the Whittier School, there is exposed in the 
bottom of an irrigation ditch a volcanic breccia much like the breccia in City Creek 
Canyon but more basic. The rocks at 60th West are a basalt breccia with an inter­
bedded tuff. The age of the basalt breccia cannot be definitely determined, but 
since it outcrops 1400 feet above the tuff bed in the oil well it is probably post­
Pliocene. 

Within a radius of 9 miles from Salt Lake City there are three different types of 
volcanic rocks produced from different volcanoes at different times. 

GEOLOGY OF THE SHASTA COPPER BELT 

BY G. F. SEAGER 

The Shasta County copper belt lies in the extreme southern part of the Klamath 
Mountains. Except for important gossan operations for gold, the district is idle 
today after 35 years of mining during which it yielded much copper, zinc, gold, 
silver, and sulphur. 

Two sedimentary formations occur in the western part of the copper belt, the 
Kennett (middle Devonian) and the Bragdon (Mississippian). Also, remnants exist 
of a thick and extensive pre-middle Devonian andesitic complex, known as the 
Copley meta-andesite. A large, irregular intrusion of soda alaskite porphyry of late 
Jurassic age introduced the copper deposits. The intrusive is intensely altered 
hydrothermally and locally cataclastically deformed. 

The copper deposits are of two distinct mineralogical and morphological types 
and are classed as (1) massive pyritic deposits and (2) chalcopyrite lodes. The 
former are massive repiacement bodies of pyrite, with subordinate chalcopyrite and 
sphalerite, whereas the latter are veinlike partial replacements of alaskite pO,rphyry 
by chalcopyrite, yielding a concentrating ore. 

Convincing evidence exists that the deposits were formed by replacement of 
soda alaskite porphyry essentially similar to the wall rocks. The occurrence of the 
deposits along a pronounced shear zone in the intrusive indicates that replacement 
was governed chiefly by the physical condition of the rock and that the sulphide 
deposits were localized at places of maximum comminution. The ' deposits are 
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STRUCTURA~ GEOLOGY 

OF THE COEUR DIALE:NE MTIITNG DISTRICT 

AND ADJACENT AREAS 

PART I: THE GEOSYNCLD;AL ENVIR011}fENT AND REGIONAL TECTONIC FRA}rn;o]'ORK 

ABSTRACT 

A study of the locations of many major ore districts has lead the writer 

to infer that the presence of a volcanic geosyncline is essential to the 

formation of economically important primary sulfide deposits related to 

mobile belts. 

I ndirect physical evidence, Suppo~Ged by recently acquired isotopic 

evidence ~~om mining districts, indicates that a eugeosyncl ine, at least in 

ancost:"al or prototype form, existed during ·Pro.t.erozoic tiIne in the region 

of central or eastern 'hl'ashington and south-central British Columbia west of 

Kooter.ay Lake. The area now containing Belt and Purcell sedimentary rocks 

is therefore considered berein to represent the miogeosyncline. 

~e Coeur d'Alene mining district is located in a triangular area 

be nded by the Columbia River arc, the Kootenay are, and the Purcell 

gcanticline. The district is '3~.tuated in a miogeosync~inal re-entrant, 

at the junction of arc systems ; and is at the most deeply sheared portion 

of the Coeur d'Alene-Missoula-Red Lodge lineament. 
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• THE GECSYNCLDUI.L ENVIRONHEl'l'"T 

A. Role of the Geosyncline i n Ore Genesis 

Si nce the turn of the Cent ury it has became increasingly apparent that 

major ore district s are related in a number of ways to geosynclines. 

Billi ng:l ey and Locke noted t hat ma jor ore districts were frequently clustered 

at "nodec l1 ~nthin the continental f r amev'1Ork (6). These nodes, t hey found,< 

were de·te~~ined by deep-seated breaks in the earth's crust ; orogenic belts and 

t hei r i ntersect ions; and chai ns of granitoid batholiths (2,). Other geologists 

have found that t he nodes are r. r •• ';ermincd by arcuate structures (4), and 

i ntersecting f racture systems .! .Line;lm·::;nts (27) (34). Actually, most of 

... ". 
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these f eatures are parts of, 0"' :1ave t heir locations determined by, defonned 

geosynclines and the adjacent loreland o 

Deep seated breaks, intersecting fracture sysf,ems and lineaments, and 

arcuate structures are phenomena which are related to ore deposits in a 

structural sense. Tbey have i nfluenced the movement of ore solutions and 

have provided favorable loci for ore deposition, or have opened entry ways 

into favorable looi. 

Orogenio belts and their intersections, and chains of granitoid batholiths 

are r elated to ore deposits in a genetio sense in that they bave generated the 

deposits; althougb the ultimate place of origin of tbe metals probably lies in 

tbe mantle. A study of the locations of many maj.or ore districts has lead the 

writer to conclude tbat the presence of a volcanic geosyncline (eugeosyncline) 

is essential to tbe formation of economically important primary sulfide ·ore 

deposits in, or related to, mobile belts . A geosynoline whicb bas not had a 

history of voloanism cannot generate ore deposits to any appreoiable extent~ 

If the borders of the Cordilleran geosyncline and its subdivisions are 

mapped for the entire continent it will be seen tbat the boundary bet~reen 

eugeosyncline and miogeosynclil1~ is a sinuous one lvitb numerous embayments 

and To-entrants . A protuberance of eugeosyncline into miogeosyncline will 

her3i~ be referred to as an "embayment". A protuberance of miogeosyncline into 

e-J.geosyncline will be tenned a lIre-entrant". The same terminology will apply' 

t o embayments of miogaosyncline into foreland, and re-entrants of foreland 

into miogeosyncline. 

Embayments and re-entrant 5 often f orm important geolog~c crossroads at 

or near which are located major mining distriots. Many nodes, 'arcuate 

structures, intersecting fracture systems and lineaments are located in or 
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near the axes or limbs of emhavr;Gr:ts or re-entrants . 

Since it is so important ::,o v e\1 t,he Coeur d ' Alene, or any otber mining 

district,' in relation to the f -:" syncl ine uith uhich it is associated, and to 

its regional te'ctonic frame't'le;, '<:.. the fi r st parts of this study will be con-

carned with those portions of "t.:i8 geosyncline lying in northern Idaho, nortb-

eastern 'Ttlasbington, southeastern Briti sh Columbia, and northwestern Montana. 

The area is illustrated in Fig. 1. 

B. Divisions of the Geosyncline 

T e Cordilleran geosyncline is thought of by many as consisting of a 

"eugeosyncline" on the west and a "miogeosynclina " , on the east. Other 

geologists feel that the usage of these terms should be avoided because they 

i mply a genetic dependence of the latter type of geosyncline in respect to 

t he former , and because of doubts as to whether the Precambrian Belt sediments 
. / 

actually do represent a miogeosyncline. 

Peter Misch prefers to use the t erm "volcanic geosyncline" rather than 

eugeosyncline because basic to intermediate volcanism is a prinCipal charac-

t ristic of the type. He uses tbe t erm "avolcanic geosyncline" in place of 

miogeosyncline since the latter is by definition non-volcanic (29) (30), and 

no genetio dependence upon the volcanic geosyncline is implied. 

In some writings the roc~-s of the ifestezra and eastern belts are merely 

referred to as tbe "western facies" and the "eastern ,facies"., 

,,' 
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This study will utilize thE; terms treugeosvncline lf and "miogeosyncline" • 

The fonner is an orthogeosyncl ina in l1hich basic to intermediate (geosynclinal-

type) volcanism has been extel.· ve . r:--16 latter is an orthogeosyncline in 

which basic to intermediate (geci1syncli·nal-type) volcanism has been absent. A 

genetic relationship between the two types of geosynclines is implied. The 

miogeosyncline lies between the eugeosyncline and the foreland of the ancient 

continental platform (craton) $ and it is underlain by crystalline rocks of . 

the foreland. 

C. Difficulties of Defining a Eugeosyncline-Miogeosyncline Boundar,y 

It is extremely difficult t o define tbe "Eu-Mioll boundary- because of 

the incompleteness of the stratigraphic record . Also, our observations are 

oonfined to a shallow range i n ~he crust . As drawn herein, the ooundary 

separates rocks of different fac ies , but due to circumstances of orogeny a~d 

erosion these differ greatly in age. 

Not much information is available concerning the pre-Paleozoic history . 

of the Cordilleran geosyncline. It bas been thought that no eugeosyncline 

existed during Proterozoic time when tbe Precambrian Belt sediments ware 

being deposited. The Belt sediments are of miogeosynclinal charaoter, but 

they were not considered to represent "the miogeosyncline". 
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On the basis of present knmvledge, derived from the study of visible 

surface features, geologists have concluded that there had not occurred 

a conspicuous differentiation of the geosyncline into "eu" and "mio" until 

the Middle Paleozoic. Mischhae stated that, at least as far as can be 

determined from surface geology, 11 ___ t he differentiation into miogeosyncline 

and eugeosyncline 'tvas not established until sometime in the Middle Paleozoic, 

and was not pronounced prtor to t he Carboniferous. It was probably established 

in Ordovician time, but as far as volcanics are concerned differentiatio~ d~d 

not became conspicuous until the Carboniferous (29). Thus, if anyeugeo-

syncline existed prior to the Paleozoic era the direct physical evidences . 

of this have been destroyed or are covered by Paleozoic and Mesozoic rocks. 

Is it possible that an ancestral volcanic eugeosyncline could have 

existed west of the miogeosyncline while Belt sediments were bein~ deposited? 

There is some indirect evidence that at least a prototype eugeosyncline 

could have, and probably did exist, and recently accumulated isotopic evidence 

supports the probability. 

D. Indirect Evidences of a Prototype Proterozoio Eugeosyncline 

It is known that a volcanic orogenic belt existed during Lower 

Paleozoic time at the approximate present location of the Pacific coast (8). 

Through geologic time this oro~enic belt shifted sometimes westerly and 

sometimes easterly~ ·· It bad moved as far east as the present longitude of 

Richland, ~ashington, during the Devonian and again during the Permian 

periods according to tectonic maps of A"J .. Eardley (8~j . It is not at all 

impossible that this belt could have existed at least in prototype during 

the Proterozoic era, and that it perhaps was located as far east as central 

or eastern Washington and sout~-central British Columbia. 

4-
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1. Physical 

Indirect physical e'::( 'cr.ce ot~ a Proterozoic eugeosyncline west of 

Kootenay Lake, British Col~~b" E·"J...~ S 1. S i n the fom of Precambrian basalt 

flOv1S which have invaded the- n·.i.cgeosyncl ine . These were accompanied by the 

intrusion of numerous basic s:LLJ.s and dikes of similar age. The intrusions 

and fi01-JS in the aggregate represent a very large movement of basic magma. 

They are: the Purcell basalts and Ho:y-ie intrusions; and the Irene and ~ola 

volcanics . The thickness of the volcanic flows is not large compared to the 

thickness of the sedimentary column in ~mich they are enclosed, but they . . ' 

incrense in volume as the eugeosyncline is appro~ched. 

. 2 .. Isotopic 

~ 

An extended discussion on ore genesis will be presented in a later · 

part of this study. At present will be mentioned only the preliminary 

results of isotopio studies, and the apparent significance of these. Data 

derived from sulfur isotopic analysis may eventually be somewhat revised 

because it is planned to ra-run some of the samples with more refined 

equipment. However, the data represent close approximations to the ex-

pecte final results. 

rae data from isotopio studies of sulfide deposits of the 

Coeur d'Alene mining district a:!:'e interpreted as pointing to the existence 

of a prototype eugeosyncline. For eY~le, lead isotopic ratios indicate 

that the lead, and presumably ot her metals, ~as separated out of it source 

material approximately' 1,400 million years ago:' .. It was thereafter· beld, 

e. ' . . 
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presumably as concentrated sult lde deposits, isolated from further con-

tamination by radiogenic lead (20) (35,. That these early concentrated 

d eposits were not the same as Hn se t hat exist in the Coeur d'Alene district 

today is evident from the structural and stratigraphic relations. The 

lead of the deposits is Precambrian in age , but it occurs in fissure veins 

~Jtting folds which are principally Mesozoic. The metals and sulfur of 

which the p~sent deposits are composed have evidently existed in same 

other location at a time prior to the }1esozoic era. This earlier location , . 
.. 

must presumably have been closer to the source area of the metals, in rocks 

which probably were not appreciably folded , deformed or metamorphosed. 

Sulfur isotopic ratiOS , ~ n 1 t he :'pr Bad of the ratios, shoH that the 

Coeur d'Alene deposits have t l ;ar';e L::it opic characteristics as that class· 

of deposits designated by M.L. ~'.mean as lIrr;,etamorpbic hydrothermal" (17) 

(13) (38). The sulfur isotope b .)read 5_ 8 greater than 22 permil. Average 

s32js3u ratio is 22.05, indica~;i 'lg enricrnnent in the heavy isotope, S34, 

in comparison to mantle or metco~itic sulfur. 

Consideration of these data lead t o the hypothesis that the Coeur d'Alene 

deposits have been derived through some mechanism of deep-seated remobilizat1on ' 

of previously-existing conoentrations of ore materials which had been contained 

in crustal rocks of a volcanic geosyncline (38) (18). The previously-existing 

ooncentrations of ore material ;, were deposited as blanket-like, or lens-like, 

bodies of metal sulfides arouni volcanic vent s or along deep-penetrating . 

geosutures . The sulfides were deposited by submarine sublimation out of . \ 

H2S - rich gases issuing from the ultrabasic mantle. This oocurred during 

Proterozoio time apprOXimately 1,400 million 'years ago. Deposition in this 

manner accomplished separation of the metals and sulfur from their souroes 

in t he mantle J and the sulfur i sotopic ratios had the required spread. 

:-- -. - . 



e. 

- 9-

The sulfide lenses, localized ~long geosutures, may have been deposited in 

interfingering relations with t;r"e more widespread volcanic flo,oJ'S and clastic 

sediments of volcanogenic-sedimentary origin. They would be deposits of the 
, 

type classed by Amstutz as "syngenetic exhalative" (1). Since the metals 

were frozen in sulfide minerals which were embedded in rooks characterized 

by quite Tow concentrations of uranium and thorium they were protected from 

contamination by radiogenic isotopes. 

E. The Nature of the Prototype Proterozoic Eugeosyncline 

B-.f IIprototype eugeosyncline" is meant a eugeosyncline in its earliest ' 

developmental stage. According to the author's interpretation this stage 

was characterized principally by dowmvarping. Folding, if any' had yet 00 ... 

curred, vms probably localized. If volcanos were present these were 

principally submarine, therefore the seas ware rather deep compared to those 

i n the ~~tian miogeosyncline. If any volcanos or upwarps projected above ,the 

·.:::fac t, ese "Tare subject t o ' ~! osion anc thereby contributed sediments to the 

c~geosyncline fram internal scu~~es. As a whola,sedimentation was probably 

rather thin as compared with t rue eugeosynclinal sedimentation, or even as 

compared with Beltian sediroenb .t ion. The source of Belt sediments is not 

known. Large proportions of these sediments probably came from the Craton 

which lay to the east. 'If they ca"1le from -'Ghe west the eugeosyncline would 

have to have been far li~lierJ in t he tectonic and volcanic sense, than 

is herein postulated. 

Tensional forces must have predominated 'ovar compressional forces in 

. the Proterozoic eugeosyncline. Deep fracturing occurred. ~he early bistor,y 

of geosutures such as tha Osburn fault may date back to this Proterozoic 

fracturing • 

. ---- - - _. __ ._--- ..... ----::.-..:=::::::::::~--==--...:......::.....-=--~~:.:..====.:.:....::.:.:....:......---=.==----====---=== 
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The amazing outpouring of met allic sulfides from the geosutures has been 

attributed by some geologists to degassing of the earth. According to Amstutz 
~ 

(1) t he syngenetic exhalative i nt erpret ation of the main sulfide deposits in 

sediments "leads to the possibility t hat the fo~~tion , of deposits could be 

an attendant phenomenon of the degassing of the earth, and that both, namely, 

the degassing and the formation of mineral deposits have decreased since the 

formation of the earth's crust" . 

It is postulated that the ~rototype Proterozoio eugeosyncline was 

located in central or eas t ern Washington and in southern British Columbia 

west of Kootenay Lake~ Basic extrusive magmas occasionally moved into the 

miogeosyncline in the form of basalt flows, and baSic intrusive magmas were 

injected into Bel t ian formati ons in t he form of diabase and diorite sills 

and some dikes. 

F. Location of the "Eu-Mioli Boundary 

Because of the evidence for t he existence of at least a prototype 

ancestral eugeosyncline during Proter ozoic time, it is here suggested that 

the eastern faCies, as represent ed by Belt (Purcell) formations, may be 

correctly referred to as a miogeosyncline. Within the limited area covered 

by the map on Fig. 1 the boundary is shm~ as a dashed line. This boundary 

is, of course, not absolutely r ealistic because there has been overlap of 

one facies upon t he other, and vice versa, during various parts of geologic 

time. However, it probably represents a close approximation because it i~ 

unlikely that the eugeosynoline has ever moved farther east than the position 

shoWD _. (42) 0 

The boundary bas been dra~m so as to include with the western facies 

all areas containing Mesozoic volcanics and the great crystalline complexes 
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of metamorphic and granitic r ock, . TrIo Tatter have formed through the combined 

processes of metasomatism, syn1i."lerlat i c granitization, rheomorphism, palingenetic 

fusion and both syn - and post- ii ~er.latic intrusion. Areas containing no 

volcanics (or volcanics of sma:l thick: ess ) and no granitic complexes as des­

cri bed above are included 'W"i t h i::18 east~rn facies. Numerous granitic bodies 

are common in the eastern faCi es, but these are mostly stocks. A few are' 

large enough to be referred to a.3 "batholiths". They are post-tectonic igneous 

intrusions which cut "across regional t ectonic txends. 

By applying the above criteria the boundary is dra'toJll through the Idaho 

panhandle so as to include the main body of Loon Lake batholith with the ". " 

western facies even though that area is underlain by granitized Belt sediments 

which in themselves are typical of the eastern facies. Similarly, in the 

vicinity of the Idaho batholith many of the rocks included with the western 

facies are Belt formations but t hese are overlain by ~asic volcanic rocks 

of Hesozoic age or underlain by granitic rocks of the batholith. 

Glacial deposits, river and terrace gravels, and other sediments or 

vol canics of Cenozoic age do not enter into the subject matter of this 

paper and are therefore disregarded herein. 

G. Distribution and Manner of Emplacement of Granitic Rocks 

As previously implied, the eugeosyncline has through large areas suffered 

complex deformation, high grade metamorphism and granitization. Accordin~ to 

Misch (29), "The eugeosyncline i s the workshop of gran~tization. There is 

absolutely no doubt that the higher grades of,regional metamorphi~ are com­

bined with the production of granitio rocks". Also, "Strong regional 
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metamorphism and the production of assorted granitic rocks are so closely 

related that they are part of one and the same process." The eugeosyncline, 

therefore, is the home of the gruat bathol iths and these have formed through 

processes of gran1tizat1on of p~aviously existing geosynclinal sediments. , The 

granites are the product of exaggerated metamorphism or ultrametamorphism, but 

smaller granitic bodies satelli tic to the large batholiths frequent~ are of a 

truly igneous origin. 

A though high grade synkinematic regional metamorphism is almost always 

confined to the eugeosyncline, t here are places l·:here such metamorphism has 

overlapped the boundary and affe·~ted small parts of the miogeosyncline (29.). 

One such area is in the Idaho panhandle where a mass of granitic rock forms 

the core of the Selkirk range . 'I'hese e:ra-:lites have 'been considered a part of 

the Loon Lake batholith by' SOr.L lrit e:;''": . Others have considered them as a 
~ 

s',outherly extension of the Nelson batholith. "roen writing of t he area in 1930, 

Anderson considered these to be intrusive igneous granites ~_). However, in 

1940 he considered them banded ~1eisses containing some bodies of massive 

igneous ~ock ' and same bodies of quartzite. The gneiss greatly resembles 

igneous rock although it retai~9 sedimentary structures and grades into 

quartzit . In other places t he gneissic foliation which is generally prominent 

becomes faint only in the rook t bat shades into massive igneous rock 0'). 

Ki rkham considered four granitic oupolas in the Purcell trench east of the 

.. : in granitic mass to be of magmatic intrusive origin (41'). Sampson also 

considered the cupolas near Lake Pend Oreilleto be bodies which bad force­

fully intruded Belt sedimenta~J r ocks 02). Thus, there seems to 'be some 

evidence that the main mass of Loon Lake batholith has formed by granitization 

of sedL~entary rock, but that the stocks and offshoots located in the Purcell 

~rench east of the main mass have formed by crystallization of granitic magma. 

Tbe granitized rocks in Loon Lake batholith are Precambrian Belt for-



e · 

-13-

mations of the eastern facies although the dashed line on Fig. 1 was arbitrarily 

drawn 60 as to include these granitized sediments and batholithic rocks with the 

~lestern or eugeosynclinal faoies. This , therefore, is one of those rare 

localities lmere regional metamorphism and granitization has transgressed 

t he boundary bet"leen eugeosyncline and miogeosyncline. 

If t he Cordilleran geosyncline is mapped so as to show the eugeosyncline 

on the ~~st , the miogeosyncline in t he center, and t he oontinental platform 
. " 

(or shelf areas of the craton) on the east it will be seen that the boundary-", ' -

between eugeo5ynclina and miogeosyncline is a sinuous one with numerous em-

bayments and re-0ntrants . ' If the grani tic areas are then mapped, with the 

granites of metasomatic origin sho,,] as st'i ppled areas and the igneous 

grani tea shown as black areas , it '1-."1.11 be seen that most ·of the igneous 

plutons oocur as stocks which find their home principally in the miogeosyncline 

not far from the eugeosynoline boundar,y (29). Some igneous granites are found 

in the eugeosyncline but these . are in the minority. Misch calls the granites 

of metasomat ic origin "autochthonous" granites " i.e., "formed in place as · 

/ 

t he result of a transformation of t he geosynclinal material itseU' in the inner ' 

and d sper parts of the geosynoline". The igneous granites are "allochthonous". 

They are " trangers where thay occur, showing no genetic relationships to the 

inclosing wallrocks " (29 ). The magma of the allochthonous stocks represents 

~alingonetio material that has moved fram ultrametamorphosed areas in the 

eugeosyncline into the relatively uneonsolidated and unmetamorphosed mio-

" 

geosyncline. Field observations actually show thi·s. The nature of the metasomatic Loon 

Lake batholith in northern Idaho arld its i ·gneous ,,· offshoo~s. in-:·the· Purcell trench 

have al:raady been described. In addition, Hedley .and Fyles have found in the 

Jurassic-Cretaoeous Nelson batholith of southeastern British Columbia that, "The 

eastern part (at the miogeosyncline boundary)aeems plai.nly to be intrusive, 

but the western part grades into a l arge area of complex granitization that 
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occupies much of south centra~' l'iti!3h Colunlbia ll (11). As for the Idaho 

batholith, numerous students t 3 found this to be partly igneous and part~ 

metamorphic-metasomatic (39) e-t:) Cn) (331. It lies in the apex of the 

Columbia River arc, in the eugt::csyncli,1c but close to the miogeosyncline 

boundary. Numerous granitic stocks lying in the miogeosyncline east of the 

batholith are all igneous • 

. ;" . Many geologists " traditionally assume that adjacent igneous intrusions · 

must gradually merge downward ~r.to a la~g~r igneous parent boqy lying at some 

unkaown but ~~eat depth below. Ibis ~~ter does not concur with that supposition. 

If a nevI plane of erosion v19re to reveal the igneous-metamorphic complex some 

" thousands of feat below the present surfnce it i s likely that the outcrop 

pattern at the new plane of eros ion would be rathel' similar to the outcrop 

pattern sean today at the present plane of erosion. Hot emanatious rising 

from the dGpths of the eugeosyncline during synkinematic and late-kinematic 

metamorphism liill t end to move i nto areas of maximum deformation according ./" 

to the principles outlined in 1925 by W.J. Mead ( ~8). When the rocks have 

bzocme impregnated with a certain amount of moisture, close to the critical 

t emperature, a sudden release of pressure due to faulting could cause a 

, " , '\0 

.' 

volume of rock to go into the condition of a melt. Especially since, as Mead 

says , a comparatively small change in the water content of a mass will change 

it from a comparatively rigid condition to a relatively ~fluid condition. Given 

a sudden release of pressure due to faulting there will occur an additional 

iriL"'l.ux· of bot fluids from surrounding areas. There could thereby be cr ated 

a pocket of palingenetio magma. This need not necessaril y be connected to 

any hypothetical huge magma chamber located at greater depths. 

l1isch has remarked that a pocket of new magma need not intrude. It may 

remain in place, and eventually cool and crystallize, but it is very likely 

to move if differential stresses are present (29.). In the kinematic situation 
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the magma lvill probably move, and ~n1l do so in the direction nf least resistance. 

If the melting oocurs deep withi~~ the ~ugeosyncline the possibilities for 

direction of movement of the magma will be limited . The body will become 

elongated approximately parallel to tha direction of regional trend, and will 

no doubt move upward into higher reeks:::" to regions of relatively lessened 

pressure. It does not seem likely that the magma could move a~1 great distance, 

because through assimilation c ~ ';ign grado m6t~~orphic wallrock it would be 

quickly oooled to the point of c~jfStaIlization. But ~f the malting occ~~near 

the miogeosynoline boundary the magma l·ri-II have moro freedom of movement. In 
~ » 

this transitional border zone tuara IrrJ.s-t be a great potential differenoe 

bGtlo1 en the two structural unit.s: chemically, thermally, eleotronically, 

structurally, mineralogioally, hydrostatically, and kinematically. The magma 

would not intrude deeper into ,('ft ~ eugc;;:.s;rncline against 1soolinally folded, 

complex structures, in which it would have to assimilate previously existing 

high t emperature minerals that would cause it to quickly cool and solidir". 

It would be more likely to intl~de into the relatively simple structures of 

t'e miogeosyncline where bedding attftudes, and faults with great persistenc 

and regularity would make intr ps ion easy. It 'Would then assimilate low 

temperatul" minerals rich in lo7atcr and OX"'.rgen. This assimilation would be 

of an exothermio nature thereby preserving the beat and prolonging the 

activity of the magma. A thesi s of the present paper, therefore, is that 

there w~ll be a movement of palingonetic magma out of the eugeosyncline and 

into t he migeosynoline, follolnng the direction of least resistance, aided 

by bedding attitudes and pre-existing faults, into rocks of a deoreasing 

degree of consolidation. 

---------- .. ---
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Fig. 2 
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REG::=CJAL TECTONIC FR,\M]jllORK 

Some factors which appear to be of significance regarding the location 

of the Coeur d'Alene mining di.;t L'ic t a:;:'e: 1. It is situated in a miogeo-

synclinal re-entrant, 2. It 1~c3 at t he junction of arc systems, and 3. It 

13 at the most doeply sheared portion of the Coeur d'A1ene-Missoula-Red Lodge 

1ine8Jliant. 

Country r eck in major re-or.trants or embayments of deformed geosyncli~es 

is frequently exceptionally d'~ ::+-:lrbed 0 Arc systems are loci for the con-

centrstion of ore solutions. Junct ions of arc systems may be strongly dis-

turbed, and are characterized by sbarp changes in the directional trends of 

regional structures. Exceptionally deep shear zones provide througbgoing 

faults which penetrate deeply into the geosyncline.' 

A. The Miogeosync1inal Re-Entrant 

The Coeur d'Alene district is located in are-entrant of the miogeo-

syncline as shown on Fig. 1. 'T'1~8 rel ationship of the district to the re-

entrant is more intimate than ':c ap~~rent on the map because the dist~ct 

is part of a minoralized belt It miles i n length which begins at the city of · 

COGur d'Alene and extends tOWE. . .'c St . Regis .. 

B~ Junction of Arc Systems 

Fig. 2 consists of a map showing the distribution of rock types in 

northern Idaho and surrounding areas. The map also illustrates the structural 
.' 

trands present in Precambrian sedimentary rocks. These trends are defined 

by fold axes, the strike of bedding in folded rocks, and of axial cleavage, and 

foliation trends ot tine grained platy minerals. 

+\= 
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The structural trends ShOlfT that tbe Coeur d'Alene district is 'located in 

a triangular area bounded on t~6 south by the north limb of the Columbia River 

are, on the northwest by the Kootenay arc, and on t.he northeast b,. the 

Purcell geanticl1na. 

1,. Columbia River Arc 

" The torm "Columbia River" arc has been used by a number of wri tGrs 

- including Badgley (L). It is not a good designation because the river flo~ 

across only a small part of the arc . Billingsley (5) (6;) is credited with thQ 

term "Columbia" arc but the designation is vague beoause it does not immediatel,. 

suggest to the reader the exact location of the structuN. Misch calls it the 'I 

"West Pacifio" arc, or nArc of t.he Pacific Northwest" ( 29). " The former brings 

to mind the western part' of the Pacific ocean near the coast of Asia. The 

latter uould ba acceptable to Americans, but to Canadians the Paci"'fio Northwest 

presumably indicates the Yukon area. Smedes credits King (1959) with the 
, 

term "arc of the Nevadan oroge?'lic belt" (36) which is a cumbersam term. There-

fore, although "Columbia River" a re is not a good tem it seems to the ·writer ' 

to be the bast available. 

The Columbia River arc is the largest arc in western United States. The 

north limb begins in the coast ranges of British Columbia and vancouvor Island. 

It trends southeasterly across Washington State and northern Idaho. Idaho 

batholith lies in the apex of thfj arc. The But.te mining district, and Boulder, 

Philipsburg and other batholitbs and stocks seem also to be 'r.elated to the, apex. 

Evan the Belt embayment, where the miogeosyncline prot~des into the foreland 

svthaast of Helena, called th~ Central Montana trough b.1 Smedes (36), seems to 

be related to thG apex of the are. From the Butte-Phi.l1psbu'rg region the south 

1L~b of the arc trends southwesterly across Idaho and southerm Oregon into 

northern California. 

..- -.,..... .. 
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Although the fold structu~' ':, l i lJE,ci-cion, foliation, and other directional 

trends in the rocks of the arc ~' 1) rs produced principally during the Nevadan 

orogeny the arc itself dates t .~ J. ::rru.ch earlier age. The location of the arc 

was determined by factors of sedimantation and Vulcanism existing during late 

Precambrian and early Paleozoi c time. Eardley's tectonic map of the Cambrian, 

Ordovician, and Silurian (8, p~~c.te 2) :::how-s the presence of a sharply' bo't1ed 

volcanic orogenio belt in western British Columbia, Washington and Oregon. , 

The belt 't-re.s convex towal-d theas'c" being especially strongly' bowed toward 

the east during the Devonian ano Pennian periods. A conformable arc of 

sedilllentation lay on the east ',:) de of 't he volcanic belt, in the area of 

interest of this paper. ' These statements are based on the assumption that 

Ea~leyls tectonic maps are re i~ s onably accurat.e. The volcanic arc and the 

arc of sedilnentation formed t hE: tectonic framework from whioh was~produc.ed . 

the Columbia River arc of princi pally Nevadan orogenic structures. 

The Idaho batholith is younger than the fold structures and lineation 

in the Columbia River arc since it is well known that granites form during 

lato-synkinematic and post-kinematic stages of orogeny. Metamorphic processes 

do not raach a suffiCiently high degree of intensity to produce granites 

until the later stages of orogeny. Therefore, the present location of the 

, .) 

-. --:-----:-~ -.-- - -----.. -- -,-



-i9-

batholith had nothing to do witr! the development of the arc. Rather, the 

presence of an important arc apex impressed upon cugeosynclinal sediments and 

volcanics determined the locat i:)" .. i of t he Idaho batholith. The northern 

'l imi t of the botholl th 't~s dete."lined by the eugeosyncline-miogeosyncline 

boundary, although the intensely sheared Coeurd I Alene.-M:i:ss.ou1.a~Reo.: Lodge)r! 

l~eament mar. have b~en: a ,fact ::.::- of 1 cse~ importance. 

2. Kootenay Arc 

Hedley and Fyles (14) define the Kootenay arc of southeastern 

British COllullbia as "a great bel t c-£ heterogeneous sedilllentary rocks which 

trend southeast in the Lardeau region , south along Kootenay Lake, and south­

west on the Pend d'Oreille River" . Like the Columbia River are, the Kootenay 

arc came into existence primarily through wlcanism and sedimentation. As 

shown on Fig. 1, the boundary of the eugeosyncline passes tQrougb West Arm 

of Kootenay Lake a few miles east of Nelson, B.C. It then passes norther~~ 

along t he west ~hora of the lake. On the west side of this boundar" the 

rocks are of the volcanogenic-sedimentar,y faCies, and granitic rocks of the 

Nelson and Kuskanax batholiths and their outliers. Somewhat deeper into the 

eugeosyncline are found high grade metamorphic rocks of the Shuswap terrain 

in intimate relationship with 'rh ~ ,;esternmost rock-s of the Nelson batholith. 

On the east side of the bound~ :.}' are fonn d relat ively unmetamorphosed mio-

geosynclinal rocks of the 'VITindt: r 'lera and Purcell series! These are strongly 

metamorphosed only close to t he ougeosyncline boundary, and in a few 

apparently small (1) Precambrian met~~orphic areas whicb ara assooiated with 

Precambrian granitio intrusions, and in met.amorphio haloes near Mesozoic 

granitic , stooks. In ~be miogeosynclina are found the Bayonne, White Creek, 
. '. 

I) 
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Fry Creek, and Horsethief Creek stocks, also the Precambrian Hellroaring Creek 

stock and small outliers related to it. 

If it is permissible to make tentative interpretations on the basis of 

Eardleyts t ectonio maps '(8)' it' could be sald', that' faint , axpreS'sions 'of the Koot'enay 

arc began to taka form during t he early part of the Pennsylvanian period. A 

trough of sedimentation lay on t he east side of the voloanic orogenic baIt. 

The eastern edge of the trough l ay at the approximate longitude of the present 

eugeosyncline boundary. According to Eardley 's map the east edge of the " 

trough had the form of an arc which ~ms convex easterly, oonformable to the ' 

present location of the Kootenay arc . The arc of sedimentation persisted 

t~ough Permian time. Permian and Triassic volcanics were then deposited 

in t he arc, and these were followed by intense folding during the late Jurassic 

Nevadan orogeny. 

The ~riter foels it imperativo to state that, as in the case of the 

Columbia River arc which is olds!' than the Idaho batholith, the Kootenay 

arc is oldar than the Nelson batholith . H(!dley confinns this with the 

follOlnng statement, "Although th~ Nelson batholith occupies the central bow 

in the KootGmay arc, and the sed:' n ,~ntary structur es are affected by it, the , 

arc is not solely the result of i ntrusion. Structures attributable to in-

trusive forces along the north batholithic margin ar~ , superimposed upon 

earlier regional struoture of northwest trend --. The arcing of the sedimentary 

formations appears to be a structure of gr eat intiquity tpat perhaps localized 

intrusion and ' ~ertain1y' was ~odified by it II( 14) 0 

In that portion of the triangular area bounded b.1 arc systems, in which 

is located the Coeur d'Alene, Pe~d Oreille, and Clark Fork mining districts, 
" . ', . . 

the directional tr;uds in Belt formations seem to be transitional between 
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those of the Kootenay arc and tb '~ Purcell geanti cline. Superficially the 

trends in north Idaho appear to branch off from those of the Kootenay arc as 

though t he two trends had been forced npart qy intrusion of the Loon Laka 

batholith. Actually they have not been forced apart, because the batholith 

has formed principally by in-pl ace gr anitization of pre-existing sedimentar,r 

and volcanic rocks. During th~3 N~'vadan orogeny the triangular area was sub-

jected to a oombination of str esses vmich may have caused some rotation of 

the area, and possibly some ea ~3tward extrusion of that portion which lie~ b~tween 

the Osburn and Hope faults (37) (4). These unusual stresses may explain why 

high grade metamorpbis~ and granitizat i on ,,,as able to invade the miogeosyncline. 

in northernmost Idaho. 

Since the directional trends in the triangular area seem to the writer 

to be more closely related to those of the Kootenay arc than to those of tbe 
,.... ,,' 

Purcell geanticline they are in this study classed as Kootenay aro struotures. 

The northeast trending folds in the Coeur d'Alene district and adjaoent ,/ 

portions of Montana then represent the easte:l"nm'dst - expre'ssi,ons Of2 the"K-oo',i;enay 
... 

arc. 

3. Purcell Geantioline 

Lying between Kootenay aro and the Rocky Mountains of British Columbia 

and Montana is a broad northwesterly trending upwarp or walt known as the 

Purcell geantioline. It extends approximately from Missoula, Montana nortb-

ward into British Columbia at , least as far as the big bend of the Columbia 

River, and conoeivably as far north as the big bend of. the Fraser River. Rocks 

outcropping in the geantioline are of t he Precambrian Belt (Purcell) series. 

In British Columbia the flanks of the geanticline, espeoially on the west, 

are overlain by the late Preoambrian vTindennere series. ' Immediately soutb 

- -- ... ".--,-,--------- ------'----
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of the big bend of the Columbia ~.~l of t he exposed rocks are Windermere. The 

geanticline as a whole plunges very gently north and northwest (23'). Between 

the International border and Kirr.~ ·:: -ley, B. C. the geanticline is interrupted 

by a number of northeasterly trendi ng faults and folds which appear to have 

had some influence on the emplac~~3nt and direction of elongation of the White 

Creok and Fr.r Creek stocks. 

Evidence indicates that the g~anticline originated during Preoambrian time(4,) 

and ~pplied sediments for tho Windermere deposition (24). It may be that': ~­

during the Nevadan orogeny this ancient \relt formed a bullwark partly against 

~mich the Kootenay arc was compressed. However, the major d formation in tbe 

geanticline, as' in tbe arc, occurred during the Nevadan orogeny_ According 

to Leech, the trends in the Precambrian folds apparently were similar to the ' 

Nevadan trends. This similarity of structural trends increases the probability 

that many folds owe part of tbeir development to each period of deformation, 

which indicates the difficulty of recognizing those that were initially Pre~ 
'.' ... / 

cambrian (24'). 

C. Coeur d' Alene-l>1issoula-Red dg.:: Li nearnent 

The Lewis and Clark lirleame" t, also culled the Montana lineament, was 

named by' Billingsley (6') and bas :men discuf)sed by many writers (7) (5) (6) 

(3 '6) (4 ). As originally defined i t was composed of at least three separate 

parts . Tre:se were tbe two echeloned members: the Absaroka. line extending 

along tbe Yellowstone horsts, i.e., along the north front of Yellowstone 

. Park; and the Helena-Missoula lit1l!! . The third part extended from. Missoula 

toward Spokane. These three parts were not of tbe same age a~d origin, and 

e did not have tbe same direatioD ,sense, although this may not have been known 

at the time Billingsley named th e lineamento 

.. 
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Long prior to the work o ~ ] illi ngsley and Locke (6), Calkins and Jones 

had noted the existenoe of a d9})ZO sSion vrhich follows, wi. th comparatively 

alight deviations, a straight l i ne ext-onding oast-aoutheael't.'tq'Qrd from Spokane, 

v]ashington, to Deer Lodge, Mo ,;, na, a dt stance of 300 miles. This they 

referred to as the "old valleyli or "Coeur d'Alene trench" tn. They recognized 

that it was underlain by a maj~l' fault zone. Beginning at Spokane, or even 

west of Spokane, and as far as Coeur d' Alene Lake the zone underlies the valley 

of the Spokane River. It can tLei"i. be tr~ced up the valley of Cedar Creek to 

Fourth of July Pass and east-southeasterly through the vicinity of Kellogg, 

Wallace, Mullan, and Mullam Pas~ . In Idaho the structure coincides with the 

north limb or the Cbiurnbia River arc in which nOrlS th South Fork of' the' 

Coeur d'Alene River. It appear~ as a zone of intensely sheared rock con­

taining numerous more or less p[,rallel faults striking roughly east-southeast. I - . 
This is 'Vnthout a doubt the most strongly sheared and faulted are~ in the State 

of Idaho. The Osburn fault is t he dominant fault in the shear zone, but the 

Placer Creek, Burnt Cabin, Silvor Creek e.nd some others are also large faults. 

I n Montana the zone can be traced along tha old valley which passes north of 

Saltese, Deborgia, and st. Regi s . East of St. Regis the zona is less distinct 

but can be traced by means of f aults, depressions, aligned river valleys, and 

occasional diorite intrustons through Missoula, Drummond, and Deer Lodge. 

, . "'The Lewis and Clark line was said by :Billingsley to comprise a north-

westerly-trending tear fault zone of continental scale. The, area between the , 

two ' echeloned lines was described as an area with north by east fold trends 

forming a diagonal link in tbe Cordillera.n Lewis-Lombard tbrust zone. Tbe 

~rea is defined in more detail by Harty Smedes who follows ,previous usage 

in referring to tbis diagonal link as the "Central Montana .trOugh" (:36). 

Smedes also referred to 't!1'l possibl e presence of a NNW-8SE trending 
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tear of Precambrian age passing ;-' '1':if,ona:Jy acr oss the Central Montana trough. 

Such a tear would extend from E $,oul a Juhrough Livingston and on toward the 

southeast. The present writar C.:!.1 G> indupondently to this v:te~o1nt. In th1e 

study the tem "Coeur d I Alene-Mj S ,lOuIa-Red Lodge lineament" is proposed to " 

describe this structure. It is O'.'le sinGle, apparently conti nuous lineament 

whose origins date back to Precambr i an time. Principal movement on the 

lineament, however, was in places Mesozoic and in places Tertiary. Strike 

slip movement was right lateral throughout, but vertioal movements were more, 

important. Rather than veering easterly from Missoula to Helena, as does the 

Lewis and Clark line, the Coe~ d1Alene-Missoula-Red Lodge line continues in' 

its southeasterly trend aoross the Montana trough through the vicinity of 

Logan and Livingston to Red Lodge. It apparently passes through the Boulder 

Batholith along a line of weakness marked by North B'oulder River. This need 

not imply that the lineament is younger than Boulder batholith which was , 

emplaced during early Tertiary time. The lineament is a master fault zone 

of great age. Boulder batholith was intruded with cross-cutting relations ./ 

to the lineament, but the lineament remained a zone of weakness (11). 

The Central Montana Trough as described by Smedes is bounded on the north and 

east by the Alberta shelf which i s covered by a veneer of Precambrian Belt 

rocks. He considered the Heler.. ~~ -::1issoula line as marking the north boundary 

of the trough. On the south and east the trough is bounded by the Wyaming-

Montana-Utah shelf. This shelf outcrops as crysta.lline rocks forming the 

Beartooth and Tobacoo Root Mountains, and the Camp Creek' metamorphic area soutb 

of Boulder batholith. The boundary between the shelf and the south edge of 

the trougb is marked by a fault zone said to have been an important tectonio 

boundary througb Belt, Paleozoio, and Recent time. Congolamerates and wedge 

arkoses s'bed from the fault scarp occur througbout this zone. These inolude 

the Nortb Boulder group of Preoambrian sediments. A prinoipal tenet of 

- -.-~=---.:..:-.. ::....:.=-:::....:=~--=.--:...:==:....:..::....-==---------=::.:....::.:::=-=...:.........:..:==========::::::.:==-...::======= 
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Smedes' paper (36) is that t hr: t :-ough, the Alberta shelf, the Wyoming shelf, 

and the Cordilleran geosynclino ilhich bounds the trough on the west mark 

major blocks of the earth's crust . The trough, he says, has exhibited pra-

dominantly negative tendenoies through geologic time. Thus, Smedes developed 

"a conoept of a crustal block system of four units bounded by important major 

rifts which, once established ion pre-Beltian time, persisted throughout long 

periods of geologic time and e:-:c rted 2 principal control over all subsequent 

periods of deposition and of orogenyll. Thr.lst faults, . high angle reverse 

faults, and en e'ohelon folds mark the north edge of the graben-like troUgh 

blook. Smedes interpreted this as a lert-lateral tear zone developed during 

the Laramide orogeny when the supracrustal rooks of ·the trough moved east-

ward. The tear zone oorrespond~ to the Helena-Missoula line of Billingsley. 

Right lateral faults, acoordinG t o the interpretation of Smedes, branohed 

from this tear zone near Missoula to form a composite wedge that ~oved 

relatively westward, as though pinched between the trough rocks and those 

to the north, like a watennell.,n seed pinched between thumb and finger. ,/ 

Hietanen described the westward movement of a wedgeshaped block north of the 

Idaho batholith, i.a., between the batholith and the Osburn fault (16) • 

. This is perhaps the wedge referred to by' Smedes. 

The Helena-Missoula line, which Smedes considers a major tear zone, 

appears to be superimposed upon or across' the Coeur d'Alene-Missoula-Red Lodge 

lineament. It is younger than the latter and developed independently of it. 

Therefore, it is no longer necessary to ask the question posed b.r Badgley and 

others (4) (36), 1'WhY' is' strike slip action of a right lateral nature in the 

Coeur d'Alene district, and of a left lateral nature at the east end of the 

Lewis and Clark line (i.e., the Helena~issoula line)"? The answer is that 

theovar-all direction sense i s orobably the same all along the Coeur d'Alene 

Missoula-Red Lodge lineament. "he Helena-Missoula line is a separate and 
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distinct structure with a direct i on sensa of i.lGS O'lim . 

That there may be a line of weakness diagonally across the Central 

Montana trough seems indicated not only by North Boulder River flowing 

across Boulder batholith, bu-j; by other streams flowing in the same lineament. 

For example that portion of the Clarks Fork of Columbia RiVer which flows 

between Deer Lodge and Drummond. This part of the lineament appears to have 

been offset to the east with respect to the Coeur d'Alene-Missoula portion 

of the lineament . The alignment of stI'eanIS , and some faults and dioritic· ·'-

intrusions , with t he Stillwater Complex and t he northwesterly-trending edge 

of the vTyo~ing shelf' (as represented by the nortbeastern front of the Bear­

tooth uplift) is almost too perfect to be accidentaL ( 11'). 

If shifting movements in a zone of ~eakness between the wyoming and 

Alberta shelves have influenced Precambrian Belt sedtmentation, and perhaps 

to sam extent are r esponsible for the easterly inbowing of the Cordilleran 

geosyncline, then continued wea~lass ~~ring late Precambrian time along the / 

northeast edge of the Beartoot h uplift could have influenced development ot l> 

the Coeur d'Alene-Missou1a-Red Lodge lineament and the extreme shearing ot 

the north limb of Columbia River arc. Although most of the visible faults 

along the mountain front ara Laramide the fault trends are inherited tram 

Precambrian structures in the basement (20). 

The amount of relative movement, and the age of movement, in the 

Coeur d'Alene-Missoula-Rad Lodge lineament "has not been the same all along 

the st ructure. Ther is little ooncrete evidenoe of large scale strike-slip 
. . . ' ... 

. ,' 

movement in the lineament even in the Coeur d'Alene district. 

The Sti11~~ter complex was intruded into the zona prior to 1$00 m.y. 

ago. Diabase dikes .were intruded during. later' Preo~~brian time into faults 
. .; ~~" . , 

'" 

: 
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with westerly, northwesterly, '{" -therJ.} 'ud nort,heasterly trends. But little 

if any deformation took place du~ng t he long intorval between Cambrian and 

Late Cretaceous times. The principal faulting and uplift of the Beartooth 

. Range occurred during the Larard de orogeny. Fault movements were mainly' 

vertical (20.). 

Eastward movement of supr;;.,-:; ~'ustal rocks in the Central Montana ~rough 

took place during the Laramide or ogeny 06 ). The ' He1ena-Missoula line cuts 

the lineament and appears to have produced left-lateral offset of tbe latter 

by a nn.'l1ber of miles. If so, then the lineament is pre-Laramide, or at least . 

early Laramide, in tbis area. 

North of the Central Montcna trough there is little evidence of strike-

slip movement. Belt rocks on the north side of the lineament are in general 

older than are those on the south side. This is mainly due to vertical move-

ments, and upwarping of the Purcell geantic1ine . However, a number of faults 

in the lineament cut Cambrian rocks, thereby proving that mucb movement in the 

lineament has been post-Cambrian. It is also younger than the fold struotures~ 

In the Coeur d'Alene district are faults which show evidenoe of strike 

slip movement, but it is rarely possible to quantify the .data. Arguments have 

been advanced in favor of strike -slip movement of 12 to 16 miles on the 

Osburn fault (15) (4).). Littl ;' .. f any of the"evidenoe" can stand critical 

examination. Vertical mowmeni 'm som ') of the faults has been large. In­

formation regarding age of th<:. 1 i,naamemt can be obtained through observation 

of the relations between ore dep",sits and the lll ')nzonite stocks at Gem. The 

stocks have been geocbemically dated as late Lower Cretaoeous, i.e., between 

9u and 116 millionsp£ years old (22). Evidence, in the nature or shapes and 

li.'Uits of orebodies, metamorphic mineralogy, sulfide mineral zoning, and other 

oro-monzonite relations, bas l ead the writer to conclude that the ore deposits 

. . 
; 
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were emplaced following intrusion of early monzonite dikes but prior to stock 

intrusion • . Ore mineralization and monzonite intrusion were closely related 

in time. The ore deposits are therefore quite definitely associated witb 

the Nevadan orogeny. There is little doubt that most of the faults are older 

than the ore veins, therefore the faultscamprising the lineament in the 

Coeur d'Alene mining distriot were formed during the Jurassic to Lower 

Cretaceous Nevadan orogeny or earlier. Howev~r, soma movement occurred on 

many of the faults after the ore vains bad been deposited. This movement 

oould have taken place during the late Nevadan or Laramide orogeny or later 

in the Cenozoic. The faults are younger than the folds. Although some of" 

the folds may have been initiated during Precambrian time the principal 

deformation was almost undoubtedl y Nevadan as vnll be· desoribed in detail in 

a succeeding part of this study. 

In KootenS'i County, Idaho, t he lineament is represented by numerous 

westerly-trending folds and faults .. Strike-slip movement has not been 

pronounced, but vertical displacement amounts to several thousands of feet 

(3). The age of folding in that a:.'ea is said to be early Tertiary because 

younger hypabyssal intrusive roc:c3 ara a;:: sociated 'h-ith them. This, however, 

is not a valid oriteria beoause dikes can be injected into folded structures 

at any time after the deformation. There is little doubt that the fold 

struotures formed during the Nevadan orogenr as did other Columbia River 

arc structures. 

A study of many major ore distriots has lead the writer to infer that 

the presenoe of avoloanio geosynoline iS6ssential to the formation of" 

----.. - ."CC-- --..,---~. 
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econOmically important primary sulf ide deposits related to mobile belts. 

Haps of the Cordilleran geosyncline show that its borders are sinuous 

and irregular. The borders are marked by embayments of eugeosyncline into 

miogeosyncline, and re-entrants of the miogeosynoline into eugeosyncline. 

There are also embayments of miogeosynoline into foreland, and re-entrants 

of foreland into miogeosyncline. 

Embayments and re-entrants frequently are loci for nodes, arcuate 

structures, intersecting fracture systems and lineaments. Therefore they 

often fom important geo~ogic crossroads in which are located major mining 

districts. 

Breaks, fracture systems, lineaments and arcuate structures are related 

to ore deposits in a structural sense in that they influence the concentration 

and movement of ore solutions and are favorable loci for ore deposition, or 

provide entry' ways into favorable loci. Orogenic belts and their,. interseotions, 

and hains of granitoid batholiths are related to ore deposi~s in a genetic sense 
" 

in that theY' playa part in the generation of the deposits • . However, the ultimate 

origin of the metals probably lies in the mantle. 

The Cordilleran geosyncline in the area of this study consists of a western 

volcanic facies and 'an ea~tern non-volcanic facies. The western facies is 

Paleozoic and Mesozoic, but the eastern facies are composed of Precambrian 

Belt rocks. 

Indireot physical evidence in the form of Precambrian volcanic flows which 
, ~ 

thicken toward the west, supported by the evidence from lead and sulfur isotopio 

~ analysis of mining district ores, indicate that at least a prototype volcanio 

eugeosyncline must have :;. e:xisted during the Proterozoic era • . Areas underlain 

by Belt and Puroell formations are therefore referred to as the miogeosyncline. 
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The boundary between eugeosyncline and miogeosyncline is herein drawn so as 

to include with the former all areas containing Mesozoic volcanics and the great 

crystalline complexes of metamor ph ic and granitic rocks. Areas containing little 

or no volcanic rocks and no grani t ic cc~plexes are included with the latter. 

Numerous smaller granitic bodies are incl uded with the miogeosyncline, but these 

are post-tectonic igneous intrusi ons. 

The Coeur d'Alene mining dist r ict is located in a triangular area bounded by 

the north 11mb of the ,Columbia R';'ver are, the Kootenay arc, and the Purcell geanticline, 
'. 

Significant factors regarding the location of the Coeur d'Alene mining district 

are that it is situated in a miogeosynclinal ra-entrant; it lies at the junction 

of arc systems; and it is at the most deeply sheared portion of the Coeur d'Alene­

Missoula-Red Lodge lineament. Country rook in majo,r re-entrants' is"'uslially 

strongly disturbed. Arc ' systems are loci for conoentration of ore solutions, 

~ and junctions of arc systems provide rapid cbanges in directional trends . ' 

Exceptionally deep sbearing provides througbgoing faults which penetrate deep 

into the geosyncline. 

The L~~s and Clark lineament, as defined by Billingsley, was composed of 

three separate parts wh1cb 'were not of the same origin and age, viz., the 

Coeur d'Alene-Missoula line (right lateral strike slip); the Missoula-Helena 

line (le~~ lateral strike slip); and the Absaroka line along the Yellowstone 

horsts (right lateral strike slip along the north front of Yellowstone Park). 

The term "Coeur d'Alene-Missoula-Red Lodge lineament" is proposed and 

used berein to describe an apparently continuous lineament. It passes diagonall1 

through the Central Montana trough, and througb the Boulder batbolitb along a ' 

line of weakness marked ,by North Boulder River. The lineament dates to Pre-

cambrain time, was intruded by Boulder batholith, but has remained a line of ' 

waakness . 

Central Montana trougb cuts across the Coeur d'Alene-Missoula-Red Lodge 

lineament" and bas produced offset of the lineament by same miles. , 
--;---_.- .... -.-.- ....... -~---
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CONCLUSIONS 

1. The presence of a volcanic geosyncline is essential to the formation 

of economically important primary sulfide ore deposits related to mobile belts. 

2. Some indirect physical 6 7idence, supported by reoently aoquired 

isotopic evidence from the Mi'oin .·· 1istriet , indicates that a eugeosyncline, at 

least in ancestral or prototype ,( ~n , existed on the west of the miogeosyncline 

at the tme that the Belt (Purcc::"l) 3edirl,ents 'Vrere being deposited. The ~lt~ 

rocks may correctly be said to r 8present t he miogeosyncline. During the 

Proterozoio era the eugeosyncline ~robably lay near what 18 today called 

central or eastern Washington and south-central British Columbia west of 

Kootenay Lake. 

3. The Coeur d'Alene distriot is situated in a miogeosynclinal re-

entrant. It lies at the junctior: ') f arc systems , in the most deeply sheared 

portion of the Coeur 'd'Alene-Mis0o~la-Red Lodge lineament. It is in a 

. 'triangular area bounded olf the s outh by ~':;e north 1mb of the Columbia River 

arc t on the northwest by the Kooi,e nay arc, and on the northeast by the Purcell 

geantioline. 

4. Directional trends in the triangular area' are transitional between 

Koote~ arc trends and those of the Purcell geanticline. Since they seem to 

, 
"L - . 

be more closely related to trends in the arc than to those in the geanticline . 1 

they are here classed as Kootenay arc structures. The northeasterly-trending 

folds in the Coeur d'Alene district and adjacent parts of Montana·; . the'refore 

represent the .easte·rnmost ·:eXlyressions ·0£ the"'. Kootenay arc. 

5. An ?pparently continuous lineament passes from Coeur d'Alene through 

}1issoula, Deer Lodge, Boulder, Logan, Livingston, to Red Lodge. The term 

"Coeur d'Alene-Missoula-Red Lodge lineament" is herein proposed and used to 

- ._-_._-- .. - ---~-.--.. -.----... . ... ~-- ........ - .. - ~ "'----~--..--.-.-,.~---. 



-32-

~ describe the lineament. The Cent ral Montana trough cuts across the lineament, 

and bas produoed offset of t be st ructure. 

i 
I • I 

Hecla Mining Company 

Engineering ' and Geological Office 

Burke, Idaho, U.S.A. 

December L" '1963 
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true of the Prichard and Wallace f ormations. The thickest and 

. ~ ... 

,most oomple~e sections of Bel t roc~s ever measured in Montana 
, ~ are located along, and west of this flank. (See Part II of 

'. this study.). . 

. ... ' ...... '.~.- - ~- ........ -. 

.:' - -
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(1) AUSTIN LONG, ARNOLD SILVERMAN, and J. LAURENCE KULP (Lamont Geological Observatory, Columbia University, Palisades , N. Y.) Precambrian Mineralization of the Coeur d' Alene District, Idaho--The Coeur d'Alene district in northern Idaho is the chief Pb- Zn-Ag mining area in the Cordillerian region. Until recent isotopic studies, mineralization was as- V sumed to have occurred in late Cretaceous or early Tertiary time during or subsequent to the Laramide disturbance. Fifteen galena samples from widely distributed mines in the area and at various levels in some of the mines were analyzed for lead isotope composition and did not vary be,yond the experimental error. The average value and the standard deviation are: 

Average of 15 Coeur 
d' Alene galenas 

Pb206/ Pb204 
16.44 ± 0.06 

Pb207/ Pb204 
15.58 -: 0. 07 

p~08/Pb204 

36.52 ! 0.22 

This average gives a common lead model age of 1250 million years which agrees with the estimated age of pitchblende from the Sunshine Mine as derived from U-Pb isotopic ratios. The isotopic composition of the Coeur d'Alene lead is essentially the same as that in the Sullivan Mine and related ones in Southeastern British Columbia and suggests a common source for the ore during a single Precambrian mineralizing epoch. Precambrian lead was also found in veinlets cutting alleged Cretaceous dikes and may indicate remobilization of sulfides during the Laramide orogeny. 
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