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Preccmbrian Layered Rocks

and Precambrian anc Mesozoic Diabase-Diorite Intrusions

Rocks of the volcanogenic-sedimentary western facies within the area of
Fig. 1 comprise strongly deformed and metamorphosed eugeosynclinal-type volcanics

and c¢lastics of Carboniferous and Mesozoic age overlying sedimentary rocks of

Procanbrian and Lower Paleozoic age.

The sedimentary eastern facies comprise slightly to moderately mete-
amorphosed miogeosynclinal-type Belt (Purcell) and Windermere series¥ in

places overlain by Lower Palsczoic strata. Precambrian diabase~diorite

ills and dikes, called Moyie itrusicns, are common, Mesozoic diabase=-
diorite dikes, emplaced after - gioval folding, are common in northwestern

Montana and northern Idaho.

Sedimentary rocks of northorn Idaho are Precambrian and Cenozoic with
the exception of a few downfauvlited blocks of Lower Paleozoic strata, and
rexmants of a Lower Paleozoie or Carboniferous coaglomerate found in

1imited areas. In northwestern Montana the present erosion surface cuts

% The writer conforms, under protest, to the custom of applying the term
ngaries" to the Belt sequence.
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across large areas of Precambricn sedimeniary roc¢ k, but in places there are
found downfaulted blocks of Leower Paleozolc strata, or Lower Paleozoic strata
lying on Precambrian Belt serics & nd sopsrated fram the latter by a dis=
conformity or small angular unconformity. Tn Canada and northeastern Washing-
ton the Precambrian Windermer. :eries overlie the Precam rian Purcell (Belt)
with a disconformity or small igular unconformity. Near Kootenay Lake, B.C.,

upper Windermere strata are graialions 7 “nto Cambrian formations. In other

s disconformity or small angular

ct

places the Cambrian lies on Vi

unconformity.

Canadian geologists regard the Purcell-Wi ndermere break as of greater
tectonic importance than the VWindermere-Cambrian one. However, in north-
castera Wachington the Windermere-Cambrian break appears to be of at least

-

QC'&c.u. i DO:u&:‘.CO.

Belt (Purcell) formatioms were deposited during the Middle and early=-
Upper Proterozoic era, bub the oldest formatiocn is at least late-~Lower

Proterozoice The rocks range in age frum 800-1,600 m.y. or older. Windermers
’ .

03

Moyie intrusions were injected in at least three stages: Early intrusions

were cmplaced at the end of the Lower Proterozoic, Intermediate stage in-
4rusions were emplaced at the end of the Middls Proterozoic. Late stage
intrusions accompanied the East Kootenay orogeny during the middle - to late=-

Upper Proterozoic.

Amphibolization has affectad 21l the diazbase-diorite imtrusiouns.
Uralitization converted some wyroxene to amphibole during a stage of late -

masmatic erystallization. A second wave of amphibolizétion affected those
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diabase intrusions located in cr near zreas that were invaded by Mesozoic
granitic plutons. This resulted from static thermal metamorphisn aided by
magmatic emanations. High grade amphibclization occurred ouly in areas of

strong regional metamorphism and granitization im or near the eugeosyncliue.

In areas of ore mineralization hydrothermal alteration was superimposed
upon amphibolization, Feldspars were decomposed to clay and calcite, and
ferromagnesian minerals were replaced by chlorite. That ths diabase-diorite
intrusions, including the Mesozoic dikes, antedate the ore mineralization
is indicated by the fact that they have been extensively mineralized by

secondary -(i.e+, epigenetic) sullfides.

THE VOLCANOCGENIC-SEDIMENTARY WESTERN FACIES -~

VEthin the area of intercsi of this study, Fige. 1, the rocks of the
westorn facies 1ie close to the eugeosyncline-miogeosyncline boundary.
¥

They show scme features characteristic of both the "Eu" and the "Mio".

Trmediately west of the Eu-Mio boundary, as drawn on Fig, 1, are found
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arezs containing micgeosyncli trata, but these are overlain by

strata of the eugcosynclinal facies., Precambrian rocks of the Windermere

(A

serics (in Canada), Belt and Windermere (in Washingtom),“and Belt (in Idaho)

are present. These are overlain in places by argillites, graywackes,:quartzites,
limestones, slates, phyllites and schists of Lower Paieozoic ages and by
eugecsynclinal-type sediments end volcanics of Carboniferous, Triassic and

Jurassic age. The rocks are ‘cr the most part strongly deformed and severely




. metamorphosed and granitized., Schists, gneisses, and metasomatic and igneous

granites are widespread (10) (11) (12) (33) (3h) (L1) (L5) (60) (61).

THE SZDIMENTARY EASTERN FACIES

The sedimentary eastern fzcies within the area of Fig. 1, are composed
of Precambrian and early Palcczoic rocks. MMiddle and late Paleozoic, and

» they have since been eroded

o

Mesozoic sediments either werc not deposited

le

-

away, The facies is not charso erized by bas

I
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volcanics, although small
amounts of such voleanie rock: are fouad in limited areas, For example the
Purcell and Irene volcanies of southcastern British Columbia, and similar

volcanics in upper Belt formetions of Glacier Park and on the divide between

Yook and Kootenal rivers in no-ihwestern Montana, and the Leola voleanics of

. northeastern Washington., These are all of Precambrian age. Large basic
sills aud some dikes are comm: 1, howevor, especially in southeastern British

Columbia, northern Idaho, and nurthwestern Moatana, These were designated
Moyie intrusicns by Reesor (L5). Basic dikes of Mesozoic age are also

present.

Of the sedimentary rocks exposed at the surface most belong to the
Belt (Purcell) and Vindermere sories. The term Purcell is used in British
Columbia in reference to rocks equivalent to those called Belt in the

Uaited States.
A. Belt (Purcell) and Windermere Series

Most writers apply the term "series" when discussing the Belt rocks.

. Some use the terms "series" aund 'system" interchangeably in spite of the fact
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that those terms have been well defined in the literature. This situation
epparently indicates that the time interval represented by the Belt sediments

has been considered by scme invas
geological vime, and by cther
The present writer objects to

the Belt sediments on the g

of geosynclinal depositiem (57) (58) (5k).

shows that Bolt sediments were
of the Proterozoic era. The
%o the Dolt rocks because it
torm has become so strongly en
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gators as equivalent to an "epoch" of

as equivalent to a "period".

custom of applying the term ngeries™ to

ne rocks represent a long interval

Libdha

Gradually accumulating evidence

deposited throughout most crd perhaps 2ll

Hoemess
wla'd

10" therefore chould not be applied
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su a% renk., However, since the

d in‘the literaturs the writer will
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to this usage.

Bolt (Purcell) formations comsist of quartzites, argillaceous or
sericitic quartzites, argilli o and shales, 1imy argillaceous quar%ziﬂes,
aad scano limestoues. That i ney c¢re predominantly of the quartzitew
shale-limestone suite and ar: ~ieally miogeosynelinal, Many of the rocks
are coiored im light tints = &3 grecn, gray, red ané’whi%e, but dark
colors arve not uncommon. Thoy ars well conso 1idated but generclly only

s1ightly metamorphosed. In sone areas the rock metamorphism can scarcely

be class

formaticns appear to be conformabd

od 25 intermediate grade diagenesis as defined by Dapples (7)s

le, with gradational contacts but
L b4

it is possible thal scome discor \Pormities exist especially in'upper units
of the series. For example, the preseuce of occasional pebbly horizons in

Striped Peak suggests the pocs

£ o ooy oy
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~cus Belt and Purce:l

in thickness have been meas

sible presence of disconformities in that
seebions varying from 30,000 to LO,000 fest

s

(16) (L3) (Lb) (hé) (L8). The




thinnest sections appear to be in Shoshene and Kootenai counties of Idaho.,
Tere the maximum recorded sections are 17,000 and 25,000 feet respectively
(12) (53) (2). Ome of the most complets Beltian sections of Moutana or

Tdaho was measured in the St. Regis-Superior area of Montana., A.B. Campbell

has roporved this secticn as [0 000 et im thickaess (6).

Precambrian sedimentaric cunger than Belt (Purcell) are found only in
southeastern British Columbisc . .d nor hoastern Washington. These are the
Windermere series, named for ©i: type arca at La xe Windermere, B.Co (59)e ~
Windermere rocks ave widespre:id iu the big vend of the Columbia River north

of Revelsioke, B.C. They are Ifound cn the cast flank of the Purcell

where they form a broad arc-lils band oxtending southeasterly from Revelstoke
%0 Kootenay Lake, thence southcrly to thwe Trnternational border and south-
westerly into Washington (10). 4 section of Windermere rocks 22,000 feet

itig B,C. (‘LIS).
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in thiclkaess has been rapo.u&'

Pariler students of Belt :soiogy wore convinced that the various fore

nations are strilkingly persistent over wide areas. Clapp and Deiss claimed
%o have traced the Newland, Spckane, and Helena formations, and even the
higher formations of the Miss ;ovla group from Glacier Park +o southward
beyond Missoula and from the Icaho border eastward to the Lewis and Clark
vongo. They concluded therefore that the Belt formations had been de-
~ooited as continuous sheets in relatively broad “trougis, and not as inter-
lapping and restricted lenses in small isolated basins. Charles Deiss has
ted that although the formations are locally thinﬁed in different paris

of wostern Montana, he could find no case either of complete disappearance

a formation as a result of thinning, or of interlapping of formationus (8).




Tater students, doing desziied work in limited areas, have found marked
2 (5] b

lateral changes within short <istances. Such changes are especially noticeable

in the higher formations (L6). C.P. Toss states that no single formation has
been traced throughout wester: Jontars, and that "A basic concept in evolving

a classification (of Belt for =sions) is that lateral variation is so prevalent

i

that units of formational wars cammot be assumed to be recognizable very far
from their type localities" (L7). W.lM. Jolms says that the Belt sediments
have presented a mapping problem because of rapid facies changes laterally,
lack of diacnostic fossils, gensral absence of good marker beds, and general
lack of good exposures (2h). In view of these difficulties, Ross prefers to.
take the group, rather tk u the formation, as the essential unit in strati-

sification. In ascsnding order above the Prichard formation the:

prouzs aves Ravalli, Piegan, lMissoula, and North Boulder. He also plans to

subdivide some Belt formations into "many new formations" (47), and this
appeaxs to some field geologists as a rather frightening prospect.

However, correlation of the more persistent formations across State nnd
National boundaries can and should be abtempted, and it is hoped that what
follows will be counsidered a contribution. In reading the sectipnvon strati
graphy it will be of help to refer to the correlation diagram attached here-

with. (preceding p. 84).

Same unresolved questions regarding Precambrian stratigraphy arc: What
" is the time-stratigraphic position of the Windermers series as compared

%o the Upper Beliian Missoula group of Montana? Is there a poss sibility that
some rocks time-stratigraphically equivalent to Wi ndé;mnre may exist scuc-
where in western Montana? What is the time-stratigraphic positlon of the

Hsl®na, Marsh, and Greenhom Mountain formations as compared to ths Missoula
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group? What is the time value of the lipalian interval between Belt and

Cambrian rocks?

Stratigraphic marker horizouns are few in the Belt. The Newland fore
mation is so widespread that it is used by many geologists as a key to

nd its equivalents retain
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many of their characteristics t{hroughout much of northern Idaho and north-

wostern Montana (6). It has o distinctive light and dark banded appeardrice

and colearcous composition. Its thickmess is relatively consbant with ths

.

exccotion of a thickened beli : tending zlong the west flank of the Montana

n

o . S PO, L o 2 Yt UL, S R AT e g 2> o o e & b’ £ e
dome from Supericr to Libby, and a thlnning oI the formation at the eastera=-

i o manle e o s o ol Fad Tl e o - S e ol \ - -
rost extromities of Beltian doposition, as at Neilhart.

Striped Peak formation has been feund useful as a key in correlation

Ty eTm wad deoee
UJ Ve 11.&.106*.

The Purcell lavas are us:t as horizon markers in parts of British

-

Columbia and Moutana. But care should te +aken not to confuse these with
the Irene and Leola volcanics of the Windermere series.b Another difficulty
with “he Purcell basalts is thot they conzist of several flows which are
not continuous. Flows may be scparated by up to 100 or 150 fest of sedi-
nentary rock. This is a diszdvantage in close correlation because in a
particular area the field man can not be certain as to exactly which lava

flow he is dealing with. '

The TIrene and Leola volcanics and their associated conglomerates are

useful marker horizons in some arsas.
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1. tratigraphy
Tn Idzho the format - s, with the exception of Striped Peak, are
211 of tho lower and middle T .. Frouk Celkins described the formations
of tho Cosur dfAlens district i 2; and named them, rom oldest to youngest
they are as follows, with the Conedian equivalents shown in parentheses:
Prichard (Aldridge), Burke (C:eston), Reved (Creston); St. Regis (Creéton),

Wallace (Kitchener), and Stripsd Peak (Siysh). These are shown in Fzg. h,

oo -

Stratigrapuically the Prichard is the lowest and oldest formation of
ho Belt scrics in Idaho. Sincc the base of the formation has never been
scen in the State it cannot be said with certainty that other, older for-
mations ¢o not uaderiie it. In the Little Belt Mountains near Neihart,
Monubana, a coarse grained, reddish quartzite underlies the Rawvalll group.

e 2T e

This Neihard quartzite, which rosts on granitic gneiss, could concelvably

bo oldcy than Prichard (L47). Swall exposures of quartzite south of
Phili-_ burgh were once supposed to be older than Pri chard, but it is now
thougnt that these rocks may belong to Missoula group. In the Cranbrook

wmap arca of British Columbia the Fort Steele formation conformably under=
Ties the Aldridge. This is the only area in which a formation definitely
onder than Prichard (Aldridge) can be observed, Fort Steele is over 7,000
ick, and consists of white and gray quartzite and argillite and black

dolomitic argillite. Green or reddish horizons or bands are scon in some

Montana geologists group the Burke, Revett, and St. Regls together

under the name Ravalli, and this is a

&

pproximately equivalent to the Creston

of Canada. Also, in Montana the Wallace formation is kuowa as Newland,
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iegan, or Siyeh, and overlying

1 Belt formations known col-

lectively as the Missoula group. Howsver, Pilegan is sometimes described as
consisting of Wallace or Newland and Striped Peak or its equivalents 7).
Uppez Belt (Upper Purcell) formations are found over wide areas in
Vontana and British Columbia., Striped Peak of Idaho is largely correlative
with red bed members of the lower Missoula group, of which the Miller Peak
is basal member, Therefore, Striped Pezk is the only formation of northera
Tdaho thot can properly be referred to the Upper Belt. However,iin Canada -

8 gonsidered

the Striped Peak (Siyeh) i

7Y A

?*.”Cb** \LDJe

4is glready steted, the red and gre
of Idatho and Canada respectively, are
bed formatiouns of the lowsr Missoula g
Naticnal Park is a dark gray or biuisa
rately correlative with Wallace and Ne

is not the same as the Siyeh of Canada
greon and reddish argillaceous quarbzit

A lava and tuff horizon known as

Cai and at the top of the

na adian S.L_, Sy

The lava horizon ¢o

arvu: U.n. AAO"} ﬁu.

interbedded with uppermost Siyeh strat
marks the top of the Siyeh (Striped Pe
formation immediately overliying Purc

above this the Mount Nelson formation

o S o ey gy
Hontand

the formation overlying the la

s is carved the present eros

the uppermost formation of Lower

canded Striped Peak and Siyeh,

ely equivalent to the red

roximat
But the Siyeh of Glacier

calcarcous formation approxi-

})

nere

o

wland, T fore, the Siyeh of Montana

which is a non-calcarsous, banded,

LR
Ve

Purcell basalt, lies at the top of the

Striped Peak in the Libby and Yaak River

1sists of several i'lows of basalt

a., The top of the uppermost lava flow

ak

) formation (4L). “In Canada the

¢11l basalt is the Dutch Creok, and

(59) (L45). In the Libby districi of
va ig the greenish-gray Libby, and

ion surface. Purcell basalts are
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so found within the red bed formation of the Lower Missoula group in Glacier
Park., Immediately above the wvolecanics lies the greenish-gray Shepard formation,
and this in turn is overlain by the Kintla (h6é). The writer sees no reason
why “heroc should be hesitatic: in correlating the red bed formation of lower
Missoula group with the Stripsé Peak of Idaho and the Libby district of
Montana, and with the Siyeh of Canade; and the Shepard with at least the
lower parts of the Libby and Dutena Creek formations., G.B. Leech has EX
pressed the opinion that Dutch Creek includes everything from the top of the
Purcell lava up and through the Kintla equivalent (31)., If this is true
then the entire thickness of Missoula group, in Glacier PuAn, is older than

Lavyonde T - .
Mount Neleson formation of Canadza.

ount Nelson is probably the youngest formation of the Purcell series
in Canadz, and it is unconformably overlain by basal Windermere,- Maximum
5

ncasured thickmess of Dutch Cresk and Mount Nelson combined is over 7,700

The Windermere series are separated from the underlying Purcell by a

o’
‘.

reak which in places is an angular unconformity, but in other places a
disconfornity. Canadian geologists regard the Purcell-Windermere brezk as
of greater tectonic importance than the Windermere-Cambrian one (31).

J.F. Wolker believed that the Purcell formations had been slightly metaw

morphosed by diagenetic processss prior to deposition of Windermere (59)

In the vicinity of Nelson and Salmo, B.C. there are sections of Windermere
mcasuring over 22, 00 feet in thickness (L5) (33) (3L). The series begins
with 2 basal conglcmerate whict in Canada is referred to as the Toby, but

in northeastern Washington it is called the Shedroof (Ll). This may be up
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to 5,000 feet thick., The conglcusrate passes upward into the Irene volcanic

formation, and this is overlain by the Mork and Three Sisters (33) (3h)e The

o |
ct
@
)
Hy

ormation, in the vieinily of Kcotenay Lake, passes upward by gradual
transition into the Quartzite Renge formation of Lowsy Cambrian age. The
base of the Cambrian was arbiirerily drawn by Canadian gonlogists on the basis

of palecntological evidence (33) (3h). Im the vicinity of Lake Windermere,

n part, and Cambrian

[

Canal Flats, and Fernie the seriss is present only

4

formations lie on Winderm vith a disconformity or slight unconformi %y

-

(39) (29) (30). The break mainly represents erosion of Upper ilndcrmore\

-

becauss the overlying Paleozoic rocks include Cranbrook formation of Lower

Cambrian ago.

able 23 to the time-strabigraphic position

Ko direct evidence is ava:
of Windormere in relation to 1+ Missculs group, or amy particular part of
of Montana., But it is pcssible to formulate a te;tativé
infercnce rogarding the relationship. Since uppermost Windermere is

abaolutely cvadational into Loy Cambrian at ¥elson and Salmo the series
. J &

15 obviously latest Precambrian., Im Montana the Middle Cambrian liss upon

X8

woner Micsoula group with a dfsconfornity or very slight unconformity.
& J / o
represents Lower Canbrian and latest Precambrian. The writer

re conglomerates, volcanics,
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and sediments were doposited during at least part of the interval repro-
sented by this hiatus., That is, they were probably deposited during the»
erosional interval that occurred following deposition of Missoula group.
This erosional interval occurrsd furing and afier deformation caused by

%he latc-Precambirian East Kootenay orogeny (63).
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Some confusion resulte cn Kirkham and Ellis, in their bulletin om
Boundary County, Idaho, assigr - Tr e voleanics and the Irene conglomerates
to the Purcell lava and Siyel £ [28) This econfusion has affected

gsological thought until the - ot 4ima (L7 The Irene volcanics are much

higher in the stratigraephic sc¢ .« suge thau are ¢ Purcell lavas. They may be

t (Purcell) formatious has been

graduzlly accwnulating. Much s¢ditional work needs to be douc, but a beginning
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Moyie intrusioms at Paracive, Monlunz, anc kman Creek, B.C. were
and erystallized 1,h00 m.y. z=zo in Prichard formation and 1,580
in Aldridge formatic: vespectively (22). According to the time

1 the D"lchard and Aldridge were

ower Proterozoic or earlier. See Fig. 5.

Uwcndum mineralization in the Sunshine mine, Coeur d'Alene district,
wes found by Professor Kerr and his associates to be at least 750 m.y. old
(25) (26). Later calculations made 1o allow for lead lcss showed the
uraniva minoralization to be approximately 1,200 m.y. old (35). This

5 in the lowsz St. Regis formation. It Will be shown in
tudy that the uranium may repz resent sedimentary-syngenetic-

oposits which wers reworked during regional metamorphlism and

deformation, and again during sulfide mineralization. Lead was lost frcm




of reworking. Presence of
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the deposits during one and p

the uranium dates the lower pors of the St. Rezis as at least 1,200 m.y. old.

A basic sill (Moyie imtrusiocn) in Siyeh formation at Logan Pass, Glacier
National Park, contains amphibole which gave a K-A age of 1,110 m.y. (22).
Coviously the sediments were deposited prior to imjection of the sill, but

the writer assumes thabt sedimentation was still in progress,

-

Eorafels in the contact metamorphic zone below a Purcell lava flow mear
Blakiston Brook, in the Rocky Moumtains of Alberta, is 1,075 m.y. old (22).
Thoe horafols is in rocks equivaieut to uppermost Striped Peak (o lower

1k is eousidered the lowermost member).

- - . s
Y

Gulbrandsen, et all, have announced the age of glauconite from the upper
part of the Missoula group (18)., The szmple was collected from Jlthln a few
“housand feot (stratigraphicaily?) of the Middle Cambrian Flathead quartzite.

Tae T*_uuvuu lies unconformably upon issoula group. Glauconite yielded a

K-A &ze of 1,090 m.y., and a ib-Sr age of 1,050 m.y. The average of the two

ages is 1,070 m.y. GCulbrandsc:i points out that glauconite ages are coumonly
“ow. He states, "Hurley, et al., found that glaucocnite results may be 10 to 20
2 3 7 1S

percent lower than ages measured for micas from igneous rocks whose positions
can be reasonably determined stratigraphically". He concludes therefore that,
nTa vicw of the. uncertainty of the isotopic ages for glauconites, the age of
1,070 u.y. for the Belt series sample should be considered a minimum age®.

The age dctermination seems reasonable, however, when éompared to the age of

<ha Lozan Pass sill and the Blakiston Brock hornfels..
-~

An interesting palsomagnetic study was completed during 1963 by R.F.

Black (3). Ho attempted Yo date the Purcell system by ccmparing palecmagustic




data obbained from a number of the formations with similar data obtained
from Procambrian formations of Vorth Amesrica whose ages are relatively well
knowm. 75 Samples collected from four magnetically stable Purcell fore

mations were studied and the results tabulated. These suggested two possible

»
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interpretations, The interpretation y Black places Purcell at
approximately 900 to 1,C00 m.y. The second inter; retation, prcv1ou31y

suggested by DuBois (9) makes the Purcell about 1,120 m.y. old,

Tentative impressions, based on the various data compiled above,
regording the ego of Belt and Purcell formations may be summarized as
fcllows: Tho Tormations are, for the most part, not latest Precambrian
was Tormerly thought. They were deposited betwesen about 800 and 1,600
m.¥. ago. Tacy are essentiaily Middle to early-Upper Proterozoic in age.
Tindernsrs formations are, on the basis of paleontological evidence, latest

)
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Trore is 1ittle justification for assuming that, because the lead of

tho ore domosits is 1,400 m.y. old, the Belt sediments are Archean im age

s Nae Bame Enoesal ot
as nas geeq uusévuueﬂu 2] e

At %his vpoint will be montioned an incident the significauce of whlch
ihe reador will nave to judge for himself. In a letter to the Editor of
Deonomic Geology, Mre Fred Searls, Jr. stated that he once found a fossil

it (50). This mountain is about 2%

on Kellogz Peak in the Revetl ¢
miles south of Kellogg, Idaho., In other correspondence, Searls stated thal
the object, which wes found in 1909, was on a bedding plane of a slab of

-~

ab w2z about 2" thick and a square foob in area. Om th

vedding plane were 3 or 4 (pessibly 6) dimple-iike marks, and then a
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raised place, in £o 3% high, “iat looked something like part of a bottle

ve the ¢bject to Lawson in Kellogg,
and Lawson took ; niirsity of Califorrnia in Berkeley. The head
of tho Department of Paleomn r at that time was C.W, Merriam. It is not

~tzin what persca in the Depariment made the ification, but the object

CeIo&1L} Waav

are available, and it is

was positive, tentative, or questionable

Tn conncction with the avove paragraph one may recall that J.F. Pardee
described some horizdns in the Wallace formation in which forms suggestive
of organic origin were foun 'his was iu the upper St. Joe River basin, A
lowsy horizon is about 1,000 et above the Wishards sill. On the summit
1le_about 3
18 from 37 to 1Y in diameter.
A upper ?c rizon, about 1,000 feet
/l: mile southwest of Quarles Peak in rock cuts
line of the Chicago, Milwaukee (& Puget Sound) Railway about % mile
Adair loop (staticn 395 + 50 west of East Portal) and about 2 miles
loop (station 243 + 50 west of East Portal). At these localities
a2 bed of biuish limy shale or impure limestone conbtains numercus flatiened
cylindrical forms resembling mashed trilobites. C.D. Walcott examined scme

of the specimens and described th "eloﬁgated, more or less corrugated

calcarcous nodules, and some o L suggsst organic origin® (LO).

be hoped that - ¢hemists will eventually obtain additional age

.

ls, dikes, and I s in Eslt, Purcell, and Windermers rocks of

eparated areas, Cood samples can be furnished from the




Cocur dtAilens and adjacent rerisns, 4n interesting Precambrian metagabbro
jutrusion is located in uppe:r «:% Hissowla group rocks not far distant from
the glauconite occurrence. Tic iutrucich is a composite sill in Flathead

— " P—_— s B ™ TVl )
County, Mountanz, just west of (.s Comzisural Divide, Lat. L8  N., Long. 113°

05! W. GCeological informatic: zan be oblained from Plate ITI of U.8.G.5.
- 5 - .y 4 oa - N i
Professional Paper 296 (L6), «:i frow U.S.G.S, uapublished maps of Marias

Pass and Silvertip quadrangle (38). The sill is located 6 or 7 miles south~
cast of %wo smell diorite stocks or bosses. The north end of the outcrop is

covered by Cenczoic gravels, but at the south end it is cut off by the over-

1ying Cosbrica formation. By dating this sill it would be possible to oblain

additicnal evidence on the minimum age of the Missoula group ocks at that
locality. The matter of inmterest concerning this sill is not only that it
is contained in upper Xlssoula group, bub that it is cut off by C“mbriaﬂ

yuld be dated are sills enclosed in lower

- ae -

and widdlo Missoula group formations located in the Bonner quadrangle.(a

L3 TS 7 -

8 SN o . IRV ES S o T W ds sill at pe
shors distonce norta and east of Missoula),the Wishards sill at the crest

-« -

of tho Bittorroot Range; diabase dikes along Placer Creek south of Wallace
2ud on the North Fork of Coeur d'Alene River; and a large sill on the wesi
gide of Fourth of July Pass in Kootenai County, Idaho., Sills in the Mount
Kalso; formation of Canada should be dated; and diorite boulders in the

Sandpoint conglomerates as welil as 14 orite dikes cutbing the conglomerate (1),
(=] o

The writer can furnish good samples and data from all of these localities.

Problems o be cousidersd when determing K-A ages of Belt sedimentary

rocks are the fact that these are not only m metamorphosed, *but they ¢ontain

n

small to apprecisble quantlities of clastic miscovite. The metemorphism, in




Juraszic-Cretaccous, and possitly even Upper Crotaceous-Tertiary). Close to

minerzlized arcas wallrock has been impregrated with hydrothermal sericite.

o

t'l

This Mesozoic sericite minereiization is superimposed upon regional metamorphic

B. Moyle Intrusions T,
1. Node of Occurreuce
Procarbrian basic igneous rocks, known as Moyie intrusions; cone-

sist of £ills and some dikes, The sills are concordant, or almest concordant

and can froquently be traced for miles along the strike of the inclosing
sedimentory strata. They ran = Trom 20 7eet to 2,000 feet in thickmness,

btut individual intrusions me: o golsiderably in thickness along the strike.

\

Tae largest and most co= craived sills are usually found in the
oldest Tormations such as Fori stcele, Prichard (Aldridge), and Burke.
Scmewhat smaller intrusious azrs found in the Middle and Upper Belt (Purcell)
vrocks.  Rice {(L5) has reported that sills 100 to 200 feet thick are found

as high as the Mount Nelson fermation, the topmost member of the upper Purcell

of Canada. Leech states that no Moyie intrusions have been identified cutting

rindermere strata (32), but Rice had previcusly reported basic intrusions in
Windermere (U5). However, thess have been so sheared that identity of ccom=

position cannot be established. In Glacier National Park the sills and dikes

cccur in Siyeh formation. Sore been seen in Striped Peak formation of

f

vorthwesternmost Montana (L). In the Rocky Mountains east of Flathead Lake,




on the east slope of Ringer ar< Cruais.r rsuntains, the sills occur in upper

Missoula group (L6), but in the vieinity of Missoula, Montana, few if any™”

sills are found higher than midiis Micsoula McNamara formation (39).

- P S B 2 2 N .
2. Relationship of Dikes to Silils

That at least some c¢inbase dikes are related to the sills, and
of the same age as the latter, was infsrred by Rice for the Cranbrook area
(L.). A4s supporting evidence he described an ohservation made in the Kooteaay
Selkirk mine of British Columbiz. A mineralized fracture was seen in the
upper paxrv of @ large sill anc im a dike-like offshoot from it. Other

supporuing evidence was seen in Boundary Couwby, Idaho, where a "lamprophyre"

18}
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¢ike QoLlars o an offshoot

In southecastern Lincoln
County, Montana, a metadiorite dike pasces under gravels at the junction of
Pisher and Kootenal Rivers. On the south side of the Kooterai the dike
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divides iuto two sil

are found only in Siyeh
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formation., Dikes of SIML v composition are found in all formations up to

and including Siyeh. A lava horizon occurs in the basal part of the Missoula

group waich overlies Siyeh. UNo case is rescor ded in which a sill or dike has

been traced into the basalt leva horizon but a genetic relation between

ssurpbion (L6).

gn

intrusives and lava is a logic:.

The above instances coms ' ute evidence of a genetie relationship
between dikes and sills. In - =1 arcas there is evidence that the dikes
are not related to the sills in regard to time of intrusion although they
may conceivably be related geretically. For example, im the Cosur diilenc

dikes with mineral composition identical

mining district are numercus ciabas

to that of ths Precambrian ¥Wishards sill. There are no ol&ls in the mining
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district, with the possible exception of a thin one on Willow creeck 2% miles
wthoast of Mullan (8). The dikes were injected after folding of the rocks
was essentially completed, but Wishards sill was injected prior to folding.
Tn the Libby district of Montsuma Gibsen found diorite dikes compositionally

similar to Precambrian sills. However, the dikes show crosscutiing relation-

ships to folded strata where: “e 51l ave econcordant with the strata.
Gibson therefore considered Gukes o be of Mesozoic age, and did not
correlate them with the sill: 2Y (] Although the source area of

-

Mesozoic diabase magma way he o been similar to the source area of Moyie
magma, it is not related in tims to the latter., It is therefore suggested

that the tera "Moyie™ should nch be applied to the Mesozole dizbase-diorite

5

Tae intrusions in gorerel are composed predominantly of medium
grained, dark grecnish-gray to z2lsost black rock. They are rather constant
in compositicn and appearance, »ub individual sills may locally show
variations in texture, grain vize, aud mineralogy (1). Zounes or schlieren

through the mass, as mey dikes and

D"

of quartz. Some of the larger
sills are mineralogically stratified. These are invariably granitic at the
top, dioritic at the centers, and gabbrolic at the bottoms. This has been

aterproted as due to gravitational differentiation during cooling,

g

assiniiaticn of silicecus sediments, and granitization of sediments along
2 narrow conbact zene (L) (28). " Thick sills also cccasionally exhibis
columnar joiubing, with the joints perpendicular to the cooling surfaces

(23)., These factors have been cited as evidence that the sills were in-

Jected into flat-lying sediments,




Although Moyie magmas may

¢losely similar chemical com-

position at the time of injection, the present day mineral composition shows
+hat the intrusiens can be groared roushly into two gemeral types: diabasic-
gabbroic, and dioritic. nis ciping, o2 an inter-regional scale, is
empirical and gives no consic. : tion uo the possible or probable causes of
the variations. The types cccur in separate gones, with the diabasic zone
n the soath or southeast,

Much of the inter-regionsl veriatica is related to silica content.
Scmo has beea attributed to deuterie alieratioa and endamorphism, and some
%o hydrothermal alteration (L) (1h) (16) (28) (Lh3) (LS). It secems likely
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Supericy wegions the imtrusions are of diabase centaining augite and labradorite ;
appreciable ilmenite, bictite, and chlorites small amounts:of quartzy+"-,
apatite, and hornblende (5) (Lo) (52) (5h) (56) (62). In the Flathead Laks

o

Y

arca the intrusions are classed as hornblsude g
composed of hornblende and gray plagicclase of
The rock is appreciably silicified with cryptoc
(23) Tatrusions in Glacier National Park

called aci

Ao g

abbro or metadiorite and are

d v-:‘A ' (¥ iaw
rystalline quartz and chalcedouy

dified gabbro or
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ne :“~"na”0 (416). These are ccrposed of titaniferous augite, largely altered

4o hornblende, and decidedly calcic plagioclase. There are minor amounts of

mamde o = 32 T e B Rl T R s
acent to the diakase zoue, on the northwest, there lies a more
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siliceous zone in which the intrusions ars classed as quaritz diorite and

tenail Count Idaho, by hornblendec=-
9 2 v

~ anc} 38 ot o QPR CPR o s o AT W aaeWT emdn and wlasd

quartsz dicrite containing up t: 603 hornblisnds, 30% plagioclase, and 15%
-~ o MY% A =g~ - . J. oy S - -

artz. Lere are several percat and iron ore minerals (2).

0
w,

abnormally qua:ﬁz-rlcﬁ

quartz, hornblende which

; R — i AR R -
t1as Tepi lagccea iJ_,'-O..'.unup ati

The sills in Boumdaxy County and the

norihwestera corner of Monbana are clasced as diorite or metadiorite come
posed chiefly of hormblende, intermediate plagloclase and quartz plus some

4

anatite and iimenite (28) (L). Here also the hornblende crystals

have cores of zugite. In scutheastern British Columbia, from Nelson to

s )
- ad

L. Age of the Intrusions

The Precambrisn age of Moyie intrusions has been inferred partly
because of the apparent relation between size or thickness of the intrusions
with the stratigraphic position of the host rock, and paery because the fiune

the Purcell laves (hLi). These
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factors wore concidered evidercae that the intrusions were Injected during
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That the sills were inje:sicd into the Precambrian sediments prior to

folding, and while these werc c44%1 floteiying has been affirmed by numerous
£i0ld geologisis. Practically all state that these igneous bodies are clearly
recognized as sills which hav in a1l of the orogenic movements that
have affceted the regioms im wiich they are located (1) (2) (L) (5) (23) (28)

(ko) (55).

Ore 1ccality in Idaho may furnish the 30:31b;1¢£ that X-A dating of
J j

- - o e e & v o 2 I XL en P 2 mnm R R} P ] S AL
Moyle intiucicns may yield information on The age oL regional folding. "A
b oY - N2 Ve 2 ool o 2 o 2 Pmmmmt v Thea W ahawde 2

1ine of diabacic intrusions is formed by Ta Wishards sill, the Rougin Creck

- °

inbrcsion, end the Placer Creck dike. Tae Wis nards sill iying on the east, -
eh tha cvosh of the Bitterroot ronge, was imjected prior to folding. It has

P o et Il e Y %
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been mobanmeorsacsed by the Idsho bathciita. 1ne easv end of the Rougin Creek

s . £
& eaysle P

B £-1 " ah XYy o~
iwbrusica has been folded, but the

}J-

nhensity of folding decreases toward the
wost. A% the west end, mear “on Pazs, the intrusion has remained unfolded
as far a5 can ba determined suorzoo inspection. The Placer Creek dike,

o2 the west side of Moon Pas s o soiently injected after folding of Belt

rocks was essentially complc . Those relebions are shown on Fig.6,

4

Torth of Pend Oreille I:-l:, IGaho,the sills are cub off by the Sand-

voint conglemerate. This congicmerave sontains boulders of Moyie sills and

of 211l Belt formatiocus.

£ o Fonsnonomen ) et @3 Ana T T - E T
A.L. indersom has provisionally classed the con-

Tag o o & =1 4 \ TS " s
This writer suSpectd T ae conglc;z;era'bes

could be Lewer Paleozoic (pro-levonisn)., They could concelvably be related
4o the Caledonian or East Kootunay orogeuies, Although the ccuglomerate

contains Moyie boulders, it s

;..v.

tself cut by basic dikes whose composition

n
'5

> L, .» o .L’ P - {1 1
is similay to that of the Muris bouldere.




The sills were emplaced pricr to regional metamorphism, and prior to

stamorphosed remnants of sills

of the Purcell trench in

- - a8 2 . Lo B a -
Mesozoice granitic stecks (1) its sera inveded by the granodiorite small
engulfed masses or pcundants ¢ sill rock may be found in the granitic in-
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trusions (1), The Wishards =il in the Bitterrocol Mountains, Idaho-Montana
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by Mesozoic granitic stocks where

In the St. Joe River basin the
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Measozoic stock at Hervick cuts off a thin sill nea r Marble Creek (56).
Y T ke Yo | = L e ey e D - . cetad At Y -
Rice lists threo voleani: formaticns to which the intrusions could be
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are dohorainations. The following table lists some dated sills and alkes
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{ AGE OF CAYSTALLIZATION == MOYIE INTRUSIONS
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Trichman Cr, sill (B.C.): 1580 m.y. (22)

-

aradise sill (Mout.): 1400 m.y. (22)
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. Logan Pasz sill (VMont.): 1110 n.y. (22).

e

Blackiston Breck hornfels (Alb): 1075 n.y. (22)

Y.:.mb;:‘- :’7 Si:_:_ :;.Cs; 1073 rﬁoY. (22)

Dipper Lake siil (B.C.)s . 883 m.y. (22)
rates 83; MeYe (21)
St. Mary "A% i1l (B.C.): 766 m.y. (22)

Sullivan mine dikes (BeCe): 765 m.y. (22)




Early geochemical attempts to cbiain age determinations were made by
Urry priocr to 1936. He used the helium method on specimens from two dikes

The results gave L95 m.y. and L55

m.yv. for the dikes, and 530 m.v. for the siil (45)., Although these results

the iutrusicnc are very old, Hunt used
he more modern potassium-argst nmethod and found that some sills are about
1,500 m.y. old, some are about 1,100 m.y. cld, and others are about 800 wm.y.
old. FHe also found that a sample of conbtact metamorphic hornfels from‘iﬁé'
Rocky Mountains of Alborta was crystallized about 1,075 n.y. ago. The
horafcls was collected close to the Purcell lava horizon (22). Other

~afels and a quartz-bictite vein are
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the altered conditioa of the rock, therefore these

0
[
[¢]
| &
2
He
4]
£
t
®
¢
(€]
&
e
w
«
(s}
Fy
ct

are not listed herein (21). The literature on geochronology records cases

~

in which deiorainations made on samples of contact hornfelses or quartz-

biotite veins indicate ages far younger than do minerals, such as amphibole,

SOSE 1) L T ] 2 e 3l e e X b S - . A %
On %he basis of his age determinations, Hunt postulates an early

Purcell plutonism, a late Purcell plutonism, and an orogeny which coincides

s a2

with that which Wnite called the "East Kootenay®.(63). However, since
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Meyic 5ills also wers intruded during this orogeny the present writer lists
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vie osie plutonica in at least three stages: Tone early Moyie intrusions
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wore capiaced &v vne end of i Lower Proterozoic. Iuntermedlate stage
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ivirusions wore erplaced at the end of the Middle Proterozoic, This
shtage cppears to have included the Pu rcell volcanic activity. Late stage
sutrusicas accompanied the East Kootenay orogsny during the middle Yo late

the Irene and Leola
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Uppe> Proterozoic., This staps appears o have inelude
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voleanic activity. It is not known whether other imtrusive scages occurred
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at the end of Proterczoic time, or latcr; but this remains a pessibility.
5. Amphibolization
"Amphibolization” is the production, in a rock, of amphibole as

a secondary mineral, i.e., a
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miveral. The amphibole is usiaily horablende, uralite, or actinolite dy-

rived from previously existing pyroxsne {augite, diopside, hypersthene,
etc.)e

Most writers attribute dioritic or gquartz dicritic com=
positica of the NMoyle intrusicns to arphibolisz ation of basic rock which was
initially a diabase or gabbrc s.otibolization is thought by many to
have bcen due to endomorphism cr hydrotuermal uralitization. The Glosséry
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by the intrusive body imstead of to those produced im the invaded formations,

The changes that take place

complete assimilation of porticns of the rocks invaded.

Latc-magmatic crystallization takes place during the later stages of

che cooling of magma. Late-m
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minerals are produced, and these are

[45]

thought of as forming between the main stage of cryst tallization and the

pegmatitic stage. They are more or less synonomous with "reaction" minerals.
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to 2 lator pericd of alteration. Saussuritization and albitization of
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feldspar are examples of deutiiic altcration effects. Uralitization may be
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somewhat earlier than strictly o

Uralite is a fibrous or sulsr veriety of green hormblende found in
altered rocks and pscudemorphcud 2Iter pyrovens, Uralitization is the
ccess whereby pyroxene is ccnverted into hornbiende, usually as a finely-

+o be a late magmatic process.

fibrous egeregate. It is usual
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Uralitization amounts to 10L grade amphibolization.

czrticularly of plagicclase
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feldspar in basalis, diabases ond gaouros, by 2 fine-grained aggregate
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Albivizatica and decompositicn of plaglociase in TOCKS of the Moyie in-
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trusions have beeu explained by scme wWriters as cus to saussuritization.

Albitization is the production, im a rock, of albite as a secondary
mineral. The sodic plagicclase (albite) forms by replacement of a
previously existing more caleic p agioclase. Calcite, epidote, zoisite
and clinczoisite are formed as by=-products (17).
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a. Amphibolization of Precambrian Moyie Intrusious

Tn Moyie sills of British Columbia mos® of the original
pyroxene has been replaced by amphibcle, and the plagicclase has been

can be found in which remnants

partly albitized. Im some &i:@ 3

of the original augite grain re siill present (L3) (Ls)e.

of Boundary Cou:ty, Idaho, as
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examples of endomorphism., "ihs or riginal augite of the gabbro is nei: cLly
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In Kootenal County the herublende crystals are

ptical orientaticn.
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hornblende contains cores of hypersthene

green amphibole, hornblend

ke relations of these min

Augite and hy-

The main mass

megascopically,

but feldspar and quartz
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endomorphosed since its consclidation, and that the actinolite and other

Gibson and Jenks (1h), =3¢ Gibson (16) studied Moyie intrusions of the
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trict, Montana. Ther coneluded that both the g8ills which were

n and hydrothermal

produced long, interlocking euhedrous

of augite. Omly one sill could be’
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found which still containe and the minerel was partly replaced by
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penetrate, aud woep arcund the plagioclase. the latter is mostly oligoclase~
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andosine, but thls has been extensively roplaced by albite-oligoclase plus
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towclinozoisite. The albitization of caleic plagioclase is more
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he regioa after the iuntrusion of numerous grawivic stocks. The stocks
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are mostly small bub it was assumed by Gilbson that © hey merge at depth

tic batholith which was the source of the heat, hydro-
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As an afberthought, at tix end of his paper, Gibson pointed out taav
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although the dikes are Mesozoic the sills are Pre scambrian. "It is recognized

amphibolization, the earlier of

Q
[®]
D
o
(8]
o)
(]
Q
ey

that there may have baen tw

N

oliowed intrusion of tae sills but preceded the Mesozoic imtrusives" (1h).

=1
g
o
[
(¢

)
F!;



Py
(5218 Lo

triet, with the possible

There are no sills i

=

t
o)
O

ave been found toward the

]
b
)
)
ct
“
e}
=
(0]
3

i s 7. & LYl -
excepiion ci ©ne O TWO very w.a.ii OhCo,; Lbu

: ET. . - AR el i s S TN O, [ -1, P 3 ) Y, W
in the St., Joe Mountains, aund toward the east along the crest of “the

)
ey e T s op s
..uvw--wcu dalinere

T - =t Y 2- %
Wagner describes th

0

2
®

the St. Jog Mountains

C
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The pyroxene is augite,
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or ilmenite, in

b, Amphibolization of Mesozoic Diabase Dikes
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Giboon classifies all of the diabase-diorite dikes of the

Libby district as of Mesozoic age because they cut across the Mesozoic folds,



ted to the mumerous small Mesozoic
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He asswnes that they are

granitic intrusions which occur in Tzl par 3 The rock of the

dikes, where not hydrotherm £1y of hornblende

of sodic labradorite. Where the
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hornbiende is frosh there is 1itt biotite., One dike contained up
to L0% of augite, all of it partly altered to hornblende. According to

Gibson, probably all of the hornblende in es was formed by replacement
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pyroxene have disappeared
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Crecl dike conbains a 1little homblende and biotite. - Chiel constituents are
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largely saussuritized,

in the Murray district
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and ilmenite in large skelstor xvs

Cement gulch, is located very close
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original® (52).
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Mogasconpically the feldspars appear irregular iy outline, but this is be-
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composition is: plagicclase 20%, augite 20%, hornblende 12%, and ilmenite 119

In thin scetion the rock a

Accessory minerals in the orx of their sbundance are: sericite 8%, and
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bictito, clinozoisite, chlorite and apa

and hematite are present. The texture is intergranular rather than op hitic,




because the augite forms discr

the feldspar crystals although

some augite grains Augite, which shows slightly
reddish pleochroien, is surrounced by rims of green uralitic hornblended plus
scme chlorite. cme green splintery hornblende crystals are separate from
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of grcca than is the chlorite. The fact that brown biotite is more usually
cosocicted with ilmenite whersaes green biotite is admixcd with chlorite
crepmads o Aty et 2% Teaarma Sa S oSTiEeR b_’,."-'\‘-'a y) heoa ~ d g} }.—' e
SUZZCSUsS vaa o€ browm 1S an earilel 1001%e which has ped atv nigaer
tomperature than the green. relations scem to suggest that the uralitic
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Geclining temperature. They are probably late magmatic or deuteric. The
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plagiocclase is mainly labra Many of the crystals have been strongly
sericitized.
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Peter Misch states that in the static recrystallization of




"There are all pas reerystallized rocks (amphibolites and
hornblendites) to incipient stages of formation of uralitie
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HISTORY OF THE SUNSHINE MINE

By
R. L. ANDERSON#*

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 Sunshine, Many individuals here today have helped make,
have been a part of this early historic development, and could add many interest--
ing details,

I wish to acknowledge here excerpts from an article by L, C, Richards in
the Kellogg Evening News. also from "First 100 Years of the Coeur d'Alene Mining
Region" by W. E, Greenough, and oral statements from many other individuals,

Shoshone County wes originally created in 1858 as part of Washington Terri-
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
esteblished just outside the present county line near Cataldo, and in 1851, 100
years ago, the erection of the present Mission structure was begun, Earlier still,
in 1805, Lewis and Clark skirted the southern end of the county (as it was origin-
ally descrlbed) fifteen miles south of the present town of Pierce, Idaho,

The area once contained in Shoshone countV, consequently, was a part of
the national picture as early as 1805 when crossed by the Lewis and Clark expe-
dition, The Coeur dillene Mining District was crossed later by Captain Mullan as
he made a reconnaissance ia 1854 and 1855 and later, from 1858 to 1862, built a
wagon transportation road through Mullan, Wallace and Kellogg from Fort Benton to
Fort Walla Walla,

Although Shoshone County was created in 1858, it had no county government
at the time that E, D. Piercs caused national recognition of the county'!s importance
by discovering gold at the place which to this day bears his name, Pierce, Idaho,
The ery "Gold" blazed thru the nation causing the usual influx, and by the summer
of 18¢1 several thousand men milled about the Pierce arca, County elections were
held that summer, meking 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, dwindling by 1870 to a trickle, From these dates it may
be seen that Shoshone County made a sizeable contribution to the North in winning
th: Civil War, This old camp is no longer part of Shoshone County, being now in
Clearwater County.

In 1882, vhen Pierce had practically attained the position of a ghost camp,
the shout "Gold!" again echoed across the nation from Shoshone County, this time
from Fagle and Prichard Creeks, north of Wallace, in the vicinity of the present
towns of Murray, Prichard, and Eagl By the summer of 1883, the rush was on and by
1885, with upwards of ten thousand men in the "North Side", the county seat was
moved from Pierce to the thriving town of Murray,

A common fallacy persists in this district today that following the gold
placer mining at Eagle and Prichard Creeks, prospectors overran the South Fork
country from Mullan to Kellogg and made the first lode discoveries in the disirict,
It is true that all the important discoveries were made by these men, but not the
first, Andrew Prichard, discoverer of gold on the "North 5ide" 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 elaim on the "North Side",
Probably the first recording of a lode claim in the county was the Glen Beula, made
by William Gardmer, on August 18, 1881, 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, however, later relocated his claim in 1885 to "change the records
from Kootenai to Shoshone 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 staked the
Gold Hunter, the Evening, the Morning, and the Castor, Furthermore, in this impor-
tant discovery year of 1884, the present "Silver Belt" or "Ury Belt" wes the
scene of two discoveries, the first, the Polaris Lode in August, and ope month latey
the Yankee Lode, on September 25, 1884, by the brothers True Blake and Dennis Blake,
The Yankee Lode became the nucleus of the present Sunshine Mining Company po}dings,

The Blake boys, as they were known, located other claims adjacent to the
Yankee claim and patented the group in 1909, From 1884 they worked intermittently
but diligently for thirty years, At the time they patented their claims their
energy was shown by ten tunnels, numerous open cuts, and a shaft for a total'yalua-
tion of $18,140,00, exclusive of raises and stopes, All this work was done 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 assumptions tend toward $100,000, perhaps as
kigh as half a million dollars, The grade of their ore varied from 120 ounces per
ton to 300 ounces per ton, probably in few cases exceeding 300, Although some
people had the idea that the Blakes were most secretive, they almost always let
anyone visit their workings, even take specimens, The Blakes worked hard and long,
hand-picking the ore from tiny stringers, mostly less than an inch thiek, and at
timcs hand-jigged their product before shipping to East Helena, Always hopeful of
& bigger, richer vein, they were elated when 1200-ounce ore was discovered across
tac creek and a little north of them in the upper workings of the Big Creek prop-~
erty where work had been done for some years by G, Seott inderson and associates,
This property, now owned by the Bunker Hill, has been renamed the Crescent,

Some time about 1914, the Blakes relinquished their miging activities to
leasers, 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 1500-foot adit 500 feet below the lowest previous workings, His
resources exhausted and success not in sight, he interested Mr, John Sawbridge of
Yakima, Washington in the venture in 1920, Mr, Sawbridge, in turn, interested Mr,
A, E, larson, Mr, Alexander Miller and Mr, N, P, Hull and with their backing some
of the work was carried on, These parties soon acquired the Sunshine Mining Company
which had been organized 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 became 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, & set of 10-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 was made
averaging 150 ounces per ton of concentrate,

A 150-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 was a half inch and less, in places widening out to 8-ineh or
10-inch blebs, From this section of the mine an attempt was made to hold the mill
heads up to 15 ounces of silver, but the attempt was often unsuccessful, The ore
was hoisted up the vertical shaft from workings as deep as the 400 level, dumped
where chunks of waste 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 availe
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,
Many times the coffers were 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
encouraging, Stopes above the 500 level known 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
menager, Shortly afterward, a two-compartment incline winze was started down from
the 500 level and progressed intermittently to the 1900 level, During this time an
inelined shaft raise was driven from the 500 level to the Sunshine Tunnel which had
been driven to replace the old Price Tunnel,

It should be of interest here from the standpoint of labor ecosts to note
that a large portion of the 2-compartment ineline winze was sunk at day's pay -
$0,00 per shift, Nine men progressed about 65 feet per month, This meant'a labor
cost averaging $21,00 per foot, Later, when a bonus system was instituted, one
month's advance of 108 feet was made by two three-man crews, They were péid $6,00
per shift, After €0 feet of advance, they were given a bonus of $5,00 per foot
for the first additional five feet, $10,00 per foot for the next five feet, $15,00
per foot for the next five feet, and $20,00 per foot for the remainder, The men



made that month slightly over 311,00 per shift, They were elated! Value received
by the company was 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 time late in 1927, and "Chinatown" 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
have 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
sn2ll, but production was great, Sunshine ranked in 1931 as the largest silver
producer 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 known
producer of silver from any one mine in 1937 in 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
Lirectors, acting in accordance with one of Mr, larson's expressed wishes, electad
Mr, R. M, Hardy, an associate of Mr, larson in other ventures, as a Director and
&s President of the company, Soon thereafter, in Janvary, 1935, Mr, Frank Eichel-
berger was designated Vice President in charge of operations and was in active
management 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
between Sunshine Mining Company and 1ts 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, Eull of Yakima upnn 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 hampered production for several more months,
PDisclosed 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,

Starting 20 years after the initial discovery of the Yankee Lode by the
Blake Brothers, recorded production for the period from 1904 through October,1951
is as follows:

Tons produced 44,273,429
Ounces Silver Recovered 132,664,769
Ounces Gold Paid For 1,248
Pounds Lead Recovered 82,579,680
Pounds Copper Recovered 34,499,567
Smelter Returns $97,801,652
Dividends Paid $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 importance to Sunshine is the price of silver, During Sun-
shine's lifetime, silver has ranged from a low of 25,01 ¢ents 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 domestic mines is sold to the Treasury Department is not too well
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 706 of this silver at its coinage value of $1,29
per troy ounce, The remaining 30f becomes the property of the U, S, Government
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 certificates 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%, vwhich is retained by the Government without payment, is called
seigniorage, Frequently this silver is minted into subsidiary coinage, half
dollars, 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,

2l L o



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 would have received 30%, or 39,780,000 ounces of this
silver without payment, as seigniorage, This converted into silver dollars would
have netted the Government approximately $51,000,000, This hypothetical example is

mercly given to illustratc the extent to which the Govermment is a silent partner
in the mining of silver,

If all the recorded production of silver from the Sunshine had been minted
2to silver dollars and if these dollars were placed edge to edge, they would form
2 silver band 4,050 miles long diagonally across the United States from Maine to
selifornia or from Washington State to Florida and overlap into both oceans for miles.
{Y these same dollars were stacked like poker chips, they would form 1,426 stacks ac
1.g£h as the 1250-foot Empire State Building,

Sunshine - - rebuked, derided and rejected during its infancy by most of
the prominent mining men of the distriet and nation, hampered intermittently by
Ttorest fire, flood, labor strife, and underground fire, eventually became the
“Ginderella of the Coeur d'Alenes", and continues to increase the nation's wealth by
an amount which already exceeds ninety-seven million dollars,




6.5.0. Bukely N

1937 .

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 JOHN 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. ROCKIE

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 7 of Alaska’s 384,000,000 acres is agricultural, 14
grazing land, Y500 now in farms, and only about 14,000 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 voleanic 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, zine, 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 replacement bodies of pyrite, with subordinate chalcopyrite and
sphalerite, whereas the latter are veinlike partial replacements of alaskite porphyry
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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STRUCTURAL GEOLOGY
OF THE COXEUR D'ALENE MINING DISTRICT

AND ADJACENT AREAS

PART I: THE GEOSYNCLINAL ENVIRONMENT AND REGIONAL TECTONIC FRAMEWORK

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.

ndirect physical evidence, supported by recently acquired isctopic
evidence from mining districts, indicates that a eugeosyncliune, at least in

ancestral or prototype form, existed during Proterozoic time in the region

Kootenay Lake., The area now containing Belt and Purcell sedimentary rocks

is therefore considered herein to represent the miogeosyncline,

Tae Cocur d¥Alene mining district is located in a triangular area
bounded by the Columbia River arc, the Kootenay are, and the Purcell
geanticline, The district is sitvated in a miocgeosynclinal re-entrant,
at the junction of arc systems; and is at the most deeply sheared portion

of the Cocur dtAlene-Missoula-Red Lodge lineament.
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THE COOSINCLINAL ENVIRONMENT

A. Role of the Geosyncline in Ore Genesis

Since the turn of the Century it has become increasingly apparent that
major ors districts are related in a number of ways to geosynclines.
Billingsley and Locke noted that major ore districts were frequently clustered
at "nodes" within tbé continental framework (6). These nodes, they found,” -
were determined by deep-seated breaks in the earth!s crust; orogenic belts and
their intersectionsy and chaiuns of granitoid batholiths (25). Other geologists
have fouand that the nodes are ¢« 'ermined by arcuate structures (L), and

intersecting fracture systems iineoments (27) (3h)e Actually, most of



these features are parts of, c:* have their locations determined by, deformed

geosynclines and the adjacent Icreland,

Deep seated breaks, intersecting fracture systems and lineaments, and
arcuate structures are phenomena which are related to ore deposits in a
structural sense, They have influenced the movement of ore solutions and
have provided favorable loci for ore deposition, or have opened entry ways

into favorable loci.

v -

Orogenic belts and their intersections, and chains of granitoid batholiths
are related to ore dcppsits in a genetic seunse in that they have generated thg
deposits; although the ultimate place of origin of the metals probably lies in
the mantle. A study of the locations of many major ore districts hés lead the
writer to conclude that the presence of a volcanic'geosyncline (eugeosyncline)
is essential to the formation of econcmically important primary sulfide ore
deposits in, or related to, mcbile belts, A geosyncline which has not had a

history of voleanism cannot generate ore deposits to any appreciable extent.

If the borders of the Cordilleran geosyncline and its subdivisions are
mapped for the entire continent it will be seen that the boundary between
eugeosyncline and miogeosyncline is a sinuous cne with numerous embayments
and re-cubrants. A protuberance of eugeosyncline into miogeosyncline will
herein be referred to as an "embayment". A protuberance of miogeosyncline into
eugeosyncline will be termed 2 "re-entrant". The same terminology will apply
t¢ embayments of miogeosyncline into foreland; and re-euntrants of foreland

into miogeosyncline,

Embayments and re-entrants often form important geologic crossroads at
or near which are located major mining districts. Many nodes, arcuate

structures, intersecting fracture systems and lineaments are located in or

N AT RS L U ) MLE e 8



near the axes or limbs of embevrenis or re-eutrants.

Since it is so important to view the Coeur d'Alene, or any other mining
district, in relation to the /= cyncline with which it is associated, and to
its regional tectonic framewo: ¢, the first parts of this study will be con-

cerned with those portions of tlhe gecsyncline lying in northern Idaho, northe
eastern Washington, southeastern British Columbia, and northwestern Montana.

The area is illustrated in Fig. 1.

B. Divisions of the_Geosyncline

The Cordilleran geosyncline is thought of by many as consisting of a
Yeugeosyncline"” on the west and a "miozeosyncline". on the east. Other
geologists feel that fhe usage of these terms should be avoided because they
imply a gemetic dependence of the latter type of geosyncline in reSpectito
the former, and because of doubts as to whether the Pracambrian Belt sediments

actually do represent a miogeosyncline.

Peter Misch prefers to use the term "volcanic geosyncline" rather than
eugeosyncline because basic to intermediate volecanism is a principal charace
teristic of the type. He uses the term "avolcanic geosyncline" in place of
niogeosyncline since the latter is by definition non-volcanic (29) (30), and

no genetic dependence'upon the voleanic geosyncline is implied.

In some writings the rocis of the western and eastern belts are merely

referred to as the "western facies" and the "eastern facies™.



e

This study will utilize the terms "eugeosyncline" and "miogeosyncline"”,
The former is an orthogeosyncline in which basic to intermediate (geosynclinal=-
type) volcanism has been exter: wve. The latter is an orthogeosyncline in
which basic to intermediaté‘(ge63ynclinalatypa) volcanism has been absent. A
genetic relationship between the two types of geosynclines is implied. The

miogeosyncline lies between the sugeosyncline 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 Boundary

Tt is extremely difficult to define the "Eu-Mio" boundary because of

the incompleteness of the stratigraphic record. Also, our observations are
confined to a shallow range in he crust. As drawn herein, the boundary
separates rocks of different facles, but due to circumstances of orogeny and
erosion these differ greatly in age. .
Not much information is available concerning the pre-Paleozoic history
of the Cordilleran gesosyucline, I£ has been thought that no eugeosyncline
existed during Proterozoic time when the Precémbrian Belt sediments were

being deposited. The Belt sediments are of miogeosynclinal character, but

they were not considered to represent "the miogeosyncline”.



On the basis of present knowledge, 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., Mischhas stated that, at least as far as can be
determined from surface geology, "--= the differentiation into miogeosyncline
and eugeosyncline was not estavlished until sometime in the Middle Paleozoic,
and was not pronounced prior toc the Carboniferous. It was probably established
in Ordovician time, but as far as volcanics are concerned differentiation did
not become conspicuous until the Carboniferous (29). Thus, if any eugeo=
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 being 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. Indirsct Evidences of a Prototype Proterozoic Fugeosyncline

It is known that a volcanic orogenic belt existed during Lowexr
Paleozoic time at the approximate present location of the Pacific coast (85.
Through geologic time this orogenic belt shifted sometimes westerly and
scmetimes easterly. - It had moved as far east as the present longitude ofA
Richland, Washington, during the Devonian and again during the Permian
periods according to tectonic maps of A.J. Eardley (8); 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 soutt-central British Columbia.



1, Physical

Indirect physical evirerce of a Proterozoic eugeosyncline west of
Koctenay Lake, British Columb- exists in the form of Precambrian basalt
flows which have invaded the ricgeosyncline. These were accompanied by the
intrusion of numerous basic siils and dikes of similar age. The intrusioms
and flows in the aggregate represent a very large movement of basic magma.
They are: +the Purcell basalts and Moyie intrusions; and the Iréne and Leola
volecanics., The thickness of the volcanic flows is not large compared to the
thickness of the sedimentary column in which they are enclosed, but they .

increase in volume as the eugeosyncline is approached.
- 2+ Isotopic

An exteuded discussion on ore genesis will be preseated in a later
part of this study. At present will be mentioned only the preliminary |
results of isotopic studies, and the apparent significance of these. Daté/
derived from sulfur isotopic analysis may eventually be somewhat revised -
because it is planned to re-run some of the samples with more refined

equipment. However, the data represent close approximations to the ex-

pected final resultis.

Tae data from isotopic studies of sulfide deposits of the
Coeur diAlene mining district are iﬁterpre%ed as pointing to the existénce
of a prototype eugeosyncline. Ior example, lead isotopic'ratios indicate
that the lead, and presumably other metals, was separated ocut of it source

material approximately 1,400 miilion years ago.. It was thereafter held,



presumably as concentrated suliide deposits, isolated from further con=-

tamination by radiogenic lead (25) (35). That these early concentrated
deposits were not the same as those that exist in the Coeur dfAlene 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
cutting folds which are principally Mesozoic. The metals and sulfur of
which the present deposits are composed have evidently existed in some
other location at a time prior to the Mesozoic era. This earlier location ,

must prosumably have been closer to the source area of the metals, in rocks

which probably were not appreciably folded, deformed or metamorphosed.

Sulfur isotopic ratios, :u ! the spread of the ratios, show that the
Coeur d'Alene deposits have t' jane 1rotoplc characteristics as that class
of depocits designated by M.L. .:usen as “metamorphic hydrothermal" (17)

(13) (38). The sulfur isotope soread is greater tham 22 permil, Average
832/'83h ratio is 22,05, indicating enrichment in the heavy isotope, S3h,

K

in comparison to mantle or metcoritic sulfur.

Consideration of these data lead to the hypothesis that the Coeur'd'Alene‘
deposits have been derived through some mechanism of deep-seated remobilization-
of previously-existing concentrations of ore materials which had been contained
in erustal rocks of a volcanic csosyncline (38) (18). The previously-existing
concentrations of ore materials were deposited as blanket-like, or lens-like,
bodies of metal sulfides around volecauic vents or along deep~-penstrating
geosutures., The sulfides were deposited by submarine sublimation out of -
HoS - rich gases issuing from the ultrabasic mantle. This occurred during
Proberozoic time approximately 1,400 million years ago. Deposition in this
manner accomplished separation of the metals and sulfur from their sources

in the mantle, and the sulfur isotopic ratios had the required spread,




The sulfide lenses, localized =long geosutures, may have been depoéited in

interfingering relations with the more widespread volcanic flows 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 rocks characterized
by quite Iow concentrations of uranium and thorium they were protected from

contamination by radicgenic isotopes.

E. The Nature of the Prototype Proterozoic Eugeosyncline

By "prototype eugeosyncline® is meant a eugeosyncline in its earliest
developmental stage. According to the author's interpretation this stage
was characterized principally by downwarping. Folding, if any had yet oc-
curred, was probably localized. If volcanos were present these were
principally submarine, therefore the seas were rather deep compared to fhose
in the Beltian miogeosyncline. If any volcanos or upwarps projected above the
surface these were subject to =:osion and thereby contributed sediments to the

&

cugeosyncline from internal scurces. As a whole,sedimentation was probably
rather thin aétcompared with true eugeosynclinal sedimentation, or even as
compared with Beltian sedimentation. 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 came from the west the eugeosyncline would

have to have been far livelier, in the tectonic and volcanic sense, than

is herein postulated.

Tensional forces must have predominated over coméressional forces in
- the Proterozoic eugeosyncline. Deep fracturing cccurred. The early history
of geosutures such as the Osburn fault may date back to this Proterozoic

fracturing.



The amazing outpouring of metallic sulfides from the geosutures has been

attributed by some geologists to degassing of the earth. According to Amstutz
(1) the syngenctic exhalative interpretation of the main sulfide deposits in
sediments "leads to the possibility that the formation 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 earthts crusth,

Tt is postulated that the Prototype Proterozoic eugeosyncline was 27
located in central or eastern 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 wers
injected into Bel%ian'formaticnsbin the form of diabase and diorite sills

and some dikes.

F. Location of the M"Eu-Mio® Boundary

Because of the evidence for the existence of at least a prototype
ancestral eugeosyncline during Proterozoic time, it is here suggested that
the eastern facies, as represented by Belt (Purcell) formations, may be
correctly referred to as a niogeosyneline, Within the limited area covered
by the map on Fig. 1 the boundary is shown as a dashed line. This boundary
is, of course, not absolutely realistic because there has been overlap of
one facies upon the other, and vice versa, during various parts of geologic
time, However, it probably represents a close approximation because it is
unlikely that the eugeosyncline has ever moved farther east than the position

showa. (42) e

The boundary has been drawn so as to include with the western facies

all areas containing Mesozoic volcanics and the great crystalline complexes




of metamorphic and granitic rocks. The latter have formed through the combined

processes of metasomatism, syni-iiematic granitization, rheomorphism, palingenetie
fusion and both syne-and post-lizematic intrusion. Areas containing no

volcanics (or voleanics of sma’l thickness) and no granitic complexes as des=
eribed above are included with t1e eastern facies., Numerous granitic bodies

are common in the eastern facics, but these are mostly stocks. A few are’

large enough to be referred to as "batholiths®, They are postatectonic'igneous

intrusions which cut across regional tectonic trends.

By applying the above criteria the boundary is drawn 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 these are overlain by basic vnlcén£§ rock§

of Mesozoic age or underlain by granitic rocks of the batholith.

Glacial deposits, river and terrace gravels, and other sediments or
volcanics 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 Grenitic Rocks

As previously implied, the eugeosyncline has through large areas suffered
complex deformation, high grade metamorphism and granitization. According to
Misch (29), "The eugeosyncline is the workshop of granitizatiom. There is
absolutely no doubt that the higher grades of regional metamorphism are come

bined with the production of granitic rocks", Also, "Strong regional



-

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 groat batholiths and these have formed through
processes of granitization of proviously existing geosynclinal sediments. . The
granites are the progl‘uct of exaggerated metamorphism or ultrametamorphism, but
smaller granitic bodies satellitic to the large batholiths frequently are of a

truly igneous origin.

 Although high grade syukinematic regional metamorphism is almost a1way§
confined to the eugeosyncline, there are places where such metamorphism has
overlapped the boundary and affected 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. These sranites have been considered a part of
the Loon Lake batholith by som: sriters, Others have considered them as a
g.outherly extension of the Nelson batholith., Wnen writing of the area in 1930,
Anderson considered these to be intrusive igneous granites (2). However, ip
_19&0 he considered them banded zneisses containing some bodies of massive —
igneous vock and some bodies of quartzite. The gneiss greatly resembles
igneous rock although it retaire sedimentary structures and grades into
quartzite. In other places the gneissic foliation which is generally prceminent
becomes faint only im the rock that shades into massive igneous rock ().
Kirkham considered four granitic cupolas in ths Purcell trench east of the
vain granitic mass to be of magmatic intrusive origin @L). Sampson also
considered the cupolas near Lake Pend Oreille to be bodies which had force-
fully intruded Belt sedimentary rocks (32 ). Thus, there seems %o be some
‘evidence that the main mass of Loon Lake batholith has formed by granitization
of sedimentary rock, but that the stocks and offshoots located in the Purcell

Trench east of the main mass have formed by crystallization of granitic magma.

The granitized rocks in Loon Lake batholith are Precambrian Belt for-




nations of the eastern facies although the dashed line on Fig. 1 was arbitrarily
drawn S0 as to include these granitized sediments and batholithic rocks with the
western or eugeosynclinal facies, This, therefore, is one of those rare
localities where regional metamorphism and granitization has transgressed

the boundary between eugeosyncline and miogeosyncline.

If the Cordilleran geosyncline is mapped so as to show the eugeosyncline
on the west, the miogeosyncline in the center, and the continental platform
(or shelf areas of the craton) on the east it will be seen that the boundaxw€7'l
between eugeosyncline and miogeosyrcliine is & simuous one with numerous eme
bayments and re-entrants, -If the gzrenitic areas are then mapped, with the
granites of metasomatic origin shown as stippled areas and the igneous
granites shown as black areas, it will be seen that mosfvof the igneous
plutons occur as stocks which find their home principally in the miogeoéyncline
not far from the eugeosyncline boundary (29). Some igneous granites ;}e fouﬁd
in the eugeosyncline but these are in the minority. Misch calls the granites .
of metascmatic origin "autochthoncus" granites, i.e., "formed in place as
the result of a transformation of the geosynclinal material itself in the inner
and deeper parts of the gaosynclipe“, The igneous granites are "allochthonous®,
They are "strangers where they occur, showing no genetic relationships to the
inclosing wallrocks” (29). The magma of the allochthonous stocks represeuts
palingenetic material that has moved from ultrametamorphosed areas in the
sugeosyncline into the relatively unconsolidated and unmetamorphosed mioc-
geosyncline., TField observations actually show this. The nature of the metasomatic Loon
Lake batholith in northern Idaho and its igneous offshoots in'the Purcell trench
have already been described. In addition, Hedley and Fyles have found in the
Jurassic-Cretacaeous Nelson batholith of southeastern British Golumbia that, "The
castern part (at the miogeosyncline boundary)seems plainly to be intrusive,

tut the western part grades into a large arsa of complex granitization that




occupies much of south centra” ritish Columbia® (1h), As for the Idaho

batholith, numerous students I 2 found this to be partly igneous and partly.
metamorphic-metasomatic (39) (¢} (31) (23). It lies in the apex of the
Columbia River arc, in the eugucsyacline but close to the miogeosyucline
boundary. Numerous granitic stocks lyiung in the miogeosyncline east of the

batholith are all igneous.

‘Many geologists. traditionally assume that adjacent igneous intrusioms
must gradually merge downward :ntc a largsr ignecus parent body lying affégﬁe
unknowa bub great depth below. Ihis wiiter does not concur with that suppesition.
If a new plane of erosion were io reveal the ignecus-metamorphic complex sdme“

- thousands of feel below the present surface 1t is likely that the outerop
pattern at the new plane of ercsion would be rather similar to the outcrop
pattern seen today at the present plane of erosion. Hot emanations rising
from the depths of the eugeosyncline during synkinematic and late-kinematic
metamorphism will tend to move into areas of maximum deformation according -
to the principles outlined in 1925 by W.J., Mead (28). When the rocks have
become impregnated with a certain amount of moisture, closg to the eritical
temperature, a sudden release of pressurs due to faulting could cause a
volume of rock to go into the conditiocn of a melt. Especially since, as Mead

ays, a comparatively small changze 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
influx of hot fluids froam surrounding areas. ‘There could thersby be created
a pOckat of palingenetic magma. This need not necessarily be connected to

any hypothetical huge magma chamber located at greater depths.

Misch has remarked that a pocket of new magma need not intrude. Iﬁ may

remain in place, and eventually cool and crystallize, but it is very likely
4o move if differential stresses are present (29). In the kinematic situation




the magma will probably move, end will do so in the direction nf least registancs.

If the melting occurs deep within the eugeosyncline the possibilities for
direction of movement of the magma will be limited., The body will become
elongated approximately parallel to the direction of regional trend, and will
no doubt move upward into higher recks into regions of relatively lessened
pressure. It does not seem 1likely that the magma could move any great distance

because through assimilation ¢! "iigh grads metanorphic wallrock it would be

quickly cooled to the point of crystallization. But if the melting occurs-near
the miogeosyncline boundary the magma will have more freedom of movement. In

this transitional border zone thaers must be a g*eat poten*ial difference

between tha two structural units: chemically, thermally, electronically,
structurally, mineralogically, hydrostatically, andlkinematically. The magma
would not intrude deeper into 1h: eugsosyucline against isoclinally folded,
complex structures, in which it would have ‘o assimilate previousi? existing
igh temperature minerals that would cause it to quickly cool and solidify,
‘It would be more likely to intiude into the relatively simple structures of‘
the miogecsyncline where bedding attitudes, and faults with great persistence
and regularity would make intrvsion easy. It would then assimilate low
temperature minerals rich in weter and oxygen. This assimilaticn would be
of an excthermic nature thereby preserving the heat and prolonging the
activity of the magma. A thesis of the present paper, therefore, is that |
there will be a movement of paliingenetic magma ocut of the eugeosyncline and
into the migeosyncline, following the direction of least fesistance, aided
by bedding attitudes and pre-existing faults, iunto rocks of a decreasing |

‘degree of cousolidation,

g
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REGZCHYAL TECTONIC FRAMEWORK

Some factors which apfear to be of significance regarding the location
of the Coeur d'Alene mining Gioirict ares 1., It is situated in a miogeo=-
synclinal re-eutrant, 2. It liecs at the junction of arc systems, and 3. It
43 at the most doeply sheared portion of the Cosur d'Alene-Missoula-Red Lodge

lineament.

Country rock in major re-entrants or embayments of defofmed geosynclines
is frequently exceptionally disturbed. Arc systems are loci for the con- :
centration of ore solutions, Junctions of arc systems may be strongly dis-
- turbed, and are characterized by sharp changes in the directional trends of

regional structures. Exceptionally deep shear zones provide throughgoing

faults which penetrate deeply into the geosyncline. ﬁ

A, The Miogeosynclinal Re-Entrant

The Cocur dtAlene district is located im a re-entrant of the miogeo~
syncline as shown on Fig. 1. Tte relationship of the district to the re-
" entrant is more intimate than ': apparent on the map because the district
is part.of a mineralized belt ' miles in length which begins at the city of

Cogur diAlene and extends towz ¢ St.

B, Junction of Arc Systems

Tig. 2 consists of a map showing the distribution of rock types in
northern Idaho and surrounding sreas. The map also illustrates the structural
trends present in Precambrian sedimentary rocks. These trends are defined
by fold axes, the strike of bedding in folded rocks, and or‘axial cleavage, and

foliation trends of fine grainzd platy minerals.



The structural trends show that the Coeur diilene district is located in

a triangular area bounded on the south by the north 1limb of the Columbia River
arc, on the northwest by the XKootenay arc, and on the northeast by the

Purcell geanticline,

1, Columbia River Arc

The term "Columbia River" arc has been used by a number of writers
including Badgley (L). It is not a good designation because the river f;ow@ |
across only a small part of the arc. Billingsley (5) () is credited with the
tern "Columbia" arc but the designation is vague because it does not immediately
suggest to the reader the exact location of the structure. Misch callsbit fhe
Mest Pacific" arc, or "Arc of the Pacific Northwest" (29), 'The former brings
to mind the western part of the Pacific ocean near fhe coast of Asia, Thé
latter would bs acceptable to Americans, but to Canadians the Pacific Northwest
presumably indicates the Yukon area, Smedes credits King (1959) with the
term Marc of the Nevadan orogeric beli" (38) which is a cumbersom term. Thére-
fore, although "Columbia River”™ arc is not a good term it seems to the writer -

to be the bsst available,

The Columbia River arc is the largest arc in yestern United States. The
north 1limb begins in the coast ranges of British Columbia and Vancouver Island.
It trends southeasterly across Washington State and northern Idaho., Idaho
bathplith lies in the apex of +ius arc. The Butte ﬁining district, and Boulder,
Philipsburg and other batholiths and stocks seem also té be related to the apex.
Even the Belt embayment, where the miogeosyncline protrudes into the foreland |
scutheast of Helena, called the Central Mbntaﬁa trough by Smedes (36), seems to
be related to the apex of the arc, From the Butte-Philipsbdrg.region the south
1imb of the arc trends southwesterly across Idaho and southern Oregon inte

northern California.



Although the fold structur -, lineation, foliation, and other directional

trends in the rocks of the arc v2rs produced prineipally during the Nevadan
orogeny the arc itself dates %o 2 mmch earlier age., The location of the arc
was determined by factors of scdimentation and vulcanism existing during late
Precambrian and early Paleozoic time, Eardley's tectonic map of the Cambrian,
Ordovician, and Silurian (8, pizte 2) shows the presence of a sharply bowed
volcanic orogenic belt in westera British Columbia, Washington and Oregon,;'
The belt was convex toward the cast, boing especially strongly bowed toﬁérd.
the east during the Devonian 2:¢ Permian periods. A conformable arc of
sedimentation lay on fhe east side of thes volcanic belt, in the area of
interest of this paper. These statements are based on the assumption that
Eardley's tectonic maps are re:isonably accurate. The volcanic arc and the

arc of sedimentation formed the tectonic framework from which was.produced

the Colurbia River arc of principally 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
late-synkinematic and post-kinematic stages of orogeny. Metamorphic processes
do not reach a sufficiently high degree of intensity to produce granites

until the later stages of orogeny. Therefore, the present location of the




batholith had nothing to do wit: the development of the arc. Rather, the

presence of an important arc apex impressed upon eugeosynclinal sediments and
volcanics determined the location of the Idzho batholith. The northern
"J.imit of the batholith was deteruined by the eugeosyncline-miogeosyncline

boundary, although the intensely shearsd Coeur -d'Alene-Missoula-Red: Lodga:n

1ineament may have been-a faciur of lesser importance.

2, Kootenay Arc E

Hedley and Fyles (14) define the Kootevay arc of southeastern
British Columbia as "a* great belt & hsterogenecus sedimentary rocks which' |
trend southeast in the Lardeau r=gion, south along Kootenay Lake, and southe
west on the Pend d'Oreille River®, Like the Columbi# River arc, the Kootenay
a‘rc came into existence primaﬁly through valcanism and sedimentation. As
shown on Fig, 1, the boundary of the eugeosyncline passes through West Arm
of Kootenay Lake a few miles east of Nelson, B.C. It then passes northerly”
along the west shore of the lake. On the west side of this boundary the "
rocks are of the volcanogenic-sedimentary facies, and granitic rocks of the
Nelson and Kuskanax batholiths and their outliers. Somewhat deeper into the
eugeosyncline ars found high gradse metamorphic rocks of the Shuswap terrain
in intimate relationship with th: westerrmost rocks of the Nelson batholith.
On the east side of the bounds: v ars found relatively unmetamorphosed miow-
geosynclinal rocks of the Wind:iriere aund Purcéll series, These are strongly
metamorphosed only closé to the cugeosyncline bouandary, and in a few
apparently small (?) Precambrian metamorphic arseas which are associated with
Precambrian granitic intrusions, and in metamorphic haloes near Mesozoic

granitic stocks. In the miogeosyncline are found the Bayonune, White Creek,

14
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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
Eardley's tectonic maps (8)" it could be said that faint. expressions of the Kédténay
arc began to take form during the early vart of the Penusylvanian period. A
trough of sedimentation lay on the east side of the volecanic orogenic belt.

The eastern edge of the trough lay at the approximate longitude of the present
eugeosyncline boundary. According to Eardley's map the east edge of the -
trough had the form of am arc which was convex easterly, conformable to the .
present location of the Kootenay arc. The arc of sedimentation persisted
through Permian time. Permian and Triessic volcanics were then deposited

in the arc, and these were followed by intense folding during the late Jurassic

Nevadan orogeny.

—~

The writer feels it impeéative to state that, as in the case of the
Columbia River are which is older tham the Idaho batholith, the Kootenay
arc is oldor than the Nelson batholith. Hedley confirms this with the
following statement, "Although the Nelson batholith occupies the central bow
in the Kootenay arc, and the sedin:ntary structures are affected by it, the:
arc is not solely the result of intrusion, Structures attributable to in-
trusive forces along the north batnolithic margin_gre_superimposed upon
earlier regional structure of northwest trend v The arcing of the sedimentary

formations appears to be a structure of great intiquity that perhaps localized

intrusion and certainly was modified by ign(14)

Tn that portion of the triangular area bounded by arc systems, in which
is located the Cceur d*Alens, Pend Oreille; an& Clark Fork mining districts,

the directional tremds in Belt formations seem to be transitional between




those of the Kootenay arc and th2 Purcell geanticline., Superficially the

trends in north Idaho appear to branch off from those of the Kootenay arc as
though the two trends had been forced apart by intrusion of the Loon Lake
batholith., Actually they have not been forced apart, because the batholith

has formed principally by in-pizcze granitization of pre-existing sedimentary

and volcanic rocks. During the Wevadan orogeny the triangular area was_sub-
je&bed to a combination of strcsses which may have caused some rotation of

the area, and possibly some eastward extrusion of that portion which lies between
the Osburn and Hope faults (37} (). These unusual stresses may explain why
high grade metamorphism and gravitization was able to invade the miogeosyneline

in northsrnmost Idaho.

Since the directiop_al trends in the triangular area seem to the writer
to be more closely related to those of the Kootenay arc than to those °f, the
Purcell geanticline they are in this study classed as Kootenay arc structures.
The northeast trending folds in the Coeur d'Alene district and adjacent -
portions of Montana then represent the easternmost expressions of: the Koortefla.y

arCe
3. Purcell Geanticline

Lying between Kootenay arc and the Rocky Mountains of British Columbia
and Montana is a broad northwesterly trending upwarp or welt known as the
Purcell geanticline. It extends approximately from Missoula, Montana northe
ward into British Columbia at least as far as Athe big b.end of the Columbia
River, and conceivably as far north as the big bend of the Fraser River. Rbcks
outcropping in the geanticline are of the Precambrian Belt (Purcell) series.

Tn British Columbia the flanks of the geanticline, espeoialiy on the west,

are overlain by the late Precambrian Windermere series. Immediately south
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of the big bend of the Columbia =il of the exposed rocks are Windermere. The
geanticline as a whole plungés very gently north and northwest (23). Between
the International border and Kiii- *ley, D.C. the geanticline is interrupted

- by a number of northeasterly treuding faults and folds which appear to have
had some influence on the emplaccrent and direction of elongation of the White

Creek and Fry Creek stocks.

Evidence indicates that the gzanticline originated during Precambrian ‘bime(1+3)
and supplied sediments for the Windermerc deposition (2). It may be that-" -
during the Nevadan orogeuny this zncient welt formed a bullwark partly againstA
which the Kootenay arc was compressed., Howsver, ihe major deformation in the
geanticline, as in the are, occurred during the Nevadan orogeny. According
to Leech, the trends in the Precambrian folds apparently were similar to the
Nevadan trends. This siniilarity of structural trends increases the probability
that many folds owe part of their development to each period of de.fc;rmatioﬁ,
which indicates the difficulty of recognizing those that were initially Pre=- e

cambrian (2).

Co Coeur d'Alene-Missoula=Red dge Lineament

The Lewis and Clark lineamert K also called the Montana lineament, was
named by Billingsley (6) and has boen discussed by many writers (7) (8) (6)
(36) (). As originally defined it was composed of at least three separate
paritse. These were the two echeleoncd members: the Absaroka line extending
along the Yellowstone horsts, i.e., along the north front of Yellowstone

“Park; and the Helena-Missoula linez, The third part extended from Missoula
toward Spokane, These three parts were not of the same age and origin, and
did not have the same direction.sense, although this may not have been known

at the time Billingsley named the lincament.
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Long prior to the work of !illingsley and Locke (6), Calkins and Joneé

had noted the existence of a dspressicn which follows, with comparatively )
slight deviations, a straight line extending east-southeastward from Spokane,
Washington, to Deer Lodge, Moni:tna, a distance of 300 miles. This they

referred to as the "old valley® or "Coeur d'Alene trench" (7). They recognized

thét it was underlain by a major fauli zcne, Beginning at Spokane, or even

west of Spokane, and as far as [ocsur d'Alene Leke the zone underlies the valley

of the Spokane River. It can them be traced up the valley of Cedar Creek to
Fourth of July Pass and east-southeasterly through the vicinity of Kéllééé;
Wallace, Mullan, and Mullan Pass, In Idaho the structure coincides with the
" north 1limb of the Columbia River arc in which flows the Scuth Fork of the t ¥
- Cosur d'Alene River, It ;ppearﬁ as a zone of intensely sheared rock con-
taining numerous more or less pcrallel faults striking roughly east-southeast.
This is without a doubt the most strongly sheared and faulted area in tbe State
of Idaho. The Osburn fault is the dominant fault in the shear zone, but the
Placer Creek, Burnt Cabin, Silver Creek end some others are also large faults.
In Montana the zone can be traced along the old valley which passes north of _
Saltese, Deborgia, and St. Regis. East of St. Regis the zone is less distinct

but can be traced by means of faults, depressions, aligned river valleys, and

occasional diorite intrusions through Missoula; Drurmond, and Deer Lodge.

“The Lewis and Clark line was said by Billingsley to comprise a northe
westerly~trending tear fault zone of continental scale. Theiarea bstween the
two echeloned lines was described as an area with north by east fold trends
forming a diagonal link in the Cordilleran Lewis-Lombard thrust zome. The
area is defined in more detail by Harfy Smedes who foilows previocus usage

in referring to this diagonal link as the "Central Montana trough" (36).

Smedes also referred to *2: possible presence of a NNW-SSE trending

|
!



tear of Precambrian age passing ~ agonally across the Central Montana trough.

Such a tear would extend from ¥ ¢:oula through Livingston and on toward the
southeast. The present writer caue indupendently to this viewpoint, In this
study the term "Coeur d'Alene-lis;oula-iied Lodge lineament" is proposed to .
describe this structure. It is one single, apparently continuous lineament
whose origins date back to Precembrian time, Principal movement on the
lineament, however, was in places Mesozoic and im places Tertiary. Strike
slip movement was right lateral throughout, but vertical movements were more
important. Rather than veering easterly from Missoula to Helena, as doesuth;
Lewis and Clark line, the Coeur d'Alene-Missoula-Red Lodge line continues in
its southsasterly trend.across tha 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‘Bbﬁlder 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 zome
of great ase., Boulder batholith was intruded with cross-cutting relations -~

to the lineament, but the lineament remained a zone of weakness (11).

The Central Montana Trough ss described by Smedes is bounded on the north and

east by the Alberta shelf which is covered by a veneer of Precambrian Belt

rocks. Ho considered the Helen:-¥issoula line as marking the north boundary

of the trough. On the south and sast the trough is bounded by the Wyoming=
Montana=Utah shelf. This shelf ocutcrops as crystalline rocks forming the
Beartooth and Tobacco Root Mountains, and the Camp Creek metamorphic area south
of Bouldex batholith. The bouﬁdary between the shelf apd the south edge of

the trough is marked by a fault zone said to have been an important tectonic
boundary through Belt, Paleozoic, and Recent time, Congolcmerates and wedge
arkoses shed from the fault scarp occur throughout this zone. These include

the North Boulder group of Precambrian sediments. A prinecipal tenet of
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Smedes! paper (36) is that the rcugh, the Alberta shelf, the Wyoming shelf,
and the Cordilleran geosynclinc which bounds the trough on the west mark
major blocks of the earth's crust. The trough, he says, has exhibited pre-
dominantly negative tendencies through geologic time. Thus, Smedes developed
"a concept of a crustal block system of fecur units bounded by important major
rifts which, once established in pre-Beltian time, persisted throughout long
periods of geologic time and eccrted 2 principsl control over all subsequent
periods of deposition and of orogeny". Thrust faults, high anglé reverse -
faults, and en eéhelon folds mark the north edge of the graben-like troﬁéﬂih
block. Smedes interpreted this as a left-lateral tear zone developed during
.the Laramide orogeny ﬁhen the supracrustal rocks of the trough moved easte
ward. The tear zome correspondes to the Helena-Missoula line of Billingsley.
Right lateral faults, accordinz tc the interpretation of Smedes, branched
from this tear zone near Missoula to form a composite wedge that moved
relatively westward, as though pinched betwean the trough rocks and those

to the north, like a watermellon seed pinched betwsen thumb and finger. -~
Hietanen described the westward movement of a wedgeshaped block north of the
Idaho batholith, i.e., between the batholith and the Osburn fault (16)..

- This is perhaps the wedge referrad to b& 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 by Badgley and
others (L) (36), "Why is strike slip éction of a right lateral nature in the
Cosur d'Alene district, and of a left lateral nature ;t the east end of the
" Lewis and Clark line (i.e., the Helena-Missoula 1ine)"? The answer is that
the over-all direction semse is probably the same all along the Coeur d'Alene

Missoula-Red Lodge lineament., 'he Helena~Missoula line is a separate and



distinct structure with a direction sense of its owm,

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, but 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
teen offset to the east with respect to the Cosur d'Alene-Missoulia portion _
of the linocament, The aligument of streams, and some faults and dioritic -
intrusions, with the Stillwater Complex and the northwesterly-trending edgah
of the Wyoming shelf (as represented by the northeastern front of the Bear-

tooth uplift) is almost too perfect to be accidental.(11),

If shifting movements in a zone of weakness betﬁeen the Wyoming and
Alberta shelves have influenced Precambrizn Belt sedimentation, and perhaps
to some extent are responsible for the sasterly inbowing of the Cordilleran
geosyncline, then continued wezkmess during late Precambrian time along the™
northeast edge of the Beartooth uplift could have influenced development of
the Coeur d'Alene-Missoula-Red Lodge lineament and the extreme shearing of
the north limb of Columbia River arc. Although most of the visible faults
along the mountain front are Laramide the fault trends are inheritea from

Precambrian structures in the basement (20).

The amount of relative movement, and the age of movement, in the
Cosur dtAlene-Missoula-Red Lodge lineament has not been the same all along
the structure. There is littls concrete evidence of large scale strika-élip

movement in the lineament even in the Coeur d'Alene district.

The Stillwater complex was intruded into the zecma prior to 1500 m.y.
ago. Diabase dikes;wara intruded during later Precambrian time into faults
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with westerly, northwesterly, : . <theriy and northeasterly trends. Butb little
if any deformation took place curing the long interval betwsen Cambrian and
Late Cretaceous times. The principal faulting and uplift of the Beartooth
Range occurred during the Laramids orogeny. Fault movemeuts were maiﬁly

vertical (20).

Eastward movement of suprsc ustal rocks in the Central Montana %rough
took place during the Laramide orogeny 3¢)., The Helena-Missoula line cuts
the lineament and appears to have produced left-lateral offset of thé lattér
by a number of miles, If so, then the lineament is pre-Laramide, or at least

early Laramide, in this area.

North of the Central Montznz trough there is little evidence of strike=
slip movement., Belt rocks on the north side of the lineament are in genmeral
older than are those on the south side. This is mainly due to vertical move=-
ments, and upwarping of the Purcell geanticline. However, a number of faults
in the lineament cut Cambrian rocks, thereby proving that much moveménf in ‘the

linsament has been post-Cambrian. It is also younger than the fold structures.

In the Coeur d'Alene district are faults which show eﬁidence of strike
slip movement, but it is rarely possible to quantify the data., Arguments have
been advanced in favor of strile-slip movement of 12 to 16 miles om the
Osburn fault (15) (L1). ITittl- .f any of theVevidence" can stand critical
e¢xamination. Vertical movemen: :u some of the faults has been large., In-
formation regarding age of the iineament can be obtained through observation
of the relations between ore deposits and the monzonitg stocks at Cem. The
stocks have been geochemically dated as late Lower Cretaceous, i.e., between
ol and 116 millionspf years old (22). Evidence, in the mature of shapes and
1limits of orebodies, metamorphic mineralogy, sulfide mineral zoning, and other

ore-monzonite relations, has lead the writer to conclude that the ore deposits



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 with

the Nevadan orogeny. There is little doubt that most of the faults are older
than the ore veins, therefore the faults comprising the lineament in the

Cosur d¥Alene mining district were formed during the Jurassic to Lower

Cretaceous Nevadan orogeny or earlier, However, some movement occurred on

- o
-

many of the faults after the ore veins had been deposited, This movement o
could 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 N
the folds may have been initiated during Precambrian time the principal
deformation was almost undoubtedly Nevadan as will Ee'described in.detail in

a succeeding part of this study.

In Kootenai County, Idaho, the lineament is represented by numerous
westerly-trending folds and faults, Strike-slip movement has not been
proncunced, but vertical displacement amounts to several thousands of feet
(3). The age of folding in that area is said to be early Tertiary because
younger hypabyssal intrusive roci:z z2rse associated with them. This, however,
is not a valid criteria because cikes can be injected into folded structures
at any time after the deformation. There is little doubt that the fold
structures formed during the Nevedan orogeny as did other Columbia River

arc structures,

SUMMARY

A study of many major ore districts has lead the writer to infer that

the presence of a volcanic geosynciine is gssential to the formation of



economically important primary sulfide deposits related to mobile belts,

Mapa of the Cordilleran geosyncline show that its borders are sinuous
and irregular. The borders are marked by embayments of eugeosyncline into
miogeosyncline, and re-sntrants of the miogeosyncline into eugeosyncline.
There are also embayments of miogeosymecline into foreland, and re-entrants

of foreland into miogeosyncline.

Embayments and re-entrants frequently are loci for nodes, arcuate :,.5
structures, intersecting fracture systems and lineaments. Therefore they
often form important geologic crcssroads in which are located major mining

districts.

Breaks, fracturs systems, lineaments and arcuate structures are related
to ore deposits in a structural sense in that they influence the coqgéntration
and movement of ore solutions and are favorable loci for ore deposition, or
provide entry ways into favorable loci. Orogenic belts and their intersectioms,
and chains of granitoid batholiths are related to ore deposits in a genetic sense
in that they play a part in the generation of the deposits., Howsver, the ultimaég

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 easterm non-volcanic facies. The western facies is
Paleozoic and Mesozoic, but the eastern facies are composed of Precambrian

Belt rocks.

Indirect physical evidence in the form of Precambrian volcanic flows w?ich
thicken toward the west, supported by the evidence from lead and sulfur isotépio
analysis of mining district ores, indicate that at least a pro%otype volcanic
eugeosyncline must have -existed during the Proterozoic era. Areas underlain

by Belt and Purcell formations arz therefore referred to as the miogeosyncline.
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The boundary between eugeosyncline and miogeosyncline is herein drawm so as
to include with the former all areas containing Mesozoic wolcanics and the great
crystalline complexes of metamorphic and granitic rocks. Areas containing little
or no volecanic rocks and mo granitic ccmplexes are included with the latter.
Numerous smaller granitic bodies are included with the miogeosyncline, but these

are post-tectonic igneous intrusicus.

The Coeur dlAlene mining district is located in a triangular area bounded by

the north limb of the Columbia River arc, the Kootenay arc, and the Purcell geanticline

Significant factors regarding the location of the Coeur d'Alense mining district
are that it is situated‘in a miogeosynclinal re-entrant; it lies at the junction
of arc systems; and it 4s at the most deeply sheared portion of the Coeur d'Alene-
Missoula=Red Lodge lineament. Country rock in major re-entrants’ is‘usually
strongly disturbed. Arc systems are loci for concenfration of ore solutionms,
and junctions of arc systems provide rapid changes in directional trends. -
Exceptionally deep shearing provides throughgoing faults which penetrate deép

el

into the geosyncline.

The Lewis and Clark‘liﬁeament, as defined by Billingsley, was composed of
three separate parts which were not of the same origin and age, viz., the
Coeur d'Alene-Missoula iine (right lateral strike slip); the Missoula-Helena
line (lef% lateral strike slip); and the Absaroka line along the Yellowstonas

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 herein to describe an apparently continuous lineament. It passes diagqnally
through the Central Montana trouch, and through the Boulﬁar batholith along a-
line of weakmess marked by North Boulder River; The linsament datesvto Pre-
cambrain time, was iutruded by Boulder batholith, but has remained a line of
woakness.

Central Montana trough cuts across the Cocur d'Alene-Missoula-Red Lodge

lineament, and has produced offset of the lineament by some miles.




CONCLUSIONS

1. The presence of a volecanic geosyncline is essential to the formation

of economically important primary sulfide ore deposits related ‘o mobile belts.

2, Scme indirect physical =vidence, supported by recently acquired
‘isotopic evidence from the Minir - iistrict, indicates that a eugeosyncline, at
least in ancestral or prototype ¢, existed on the west of the miogeosyncliné :
at the time that the Belt (Purce ! sediments wera being deposited. The Belt
rocks may correctly be said to rcpresent the miogeosyncline, During the
Proterozoic era the eugeosyncline orobably lay near what is today called

central or easterm Washington and south-central British Columbia west of

Kootenay Laks.

3. The Cosur d'Aléne district is situated in a miogeosynclingl -
entrant. It lies at the junctior »f arc systems, in the most deeply sheared
portion of the Coeur d'Aleme-Missoula-Red Lodge lineament, It is in a —
triangular area bounded on the scuth by the north 1imb of the Columbia River
arc, on the northwest py the Kooieaay arc, and on the northeast by the Purcell

geanticline.

L. Directional trends in the triangular area are transitional between
Kootenay arc trends and those of the Purcell geanticline., Since they seem to
be more closely related to trends in the arc than to those in the geanticline ' t
they are here classed as Kootenay arc structures. The northeasterly-trending
folds in the Coeur d¥Alene district and adjacent parts of Montana' thereforé

represent the easternmost expressions of the'Kootenay arc.

5. An apparently continuous lineament passes from Coeur dfAlene through |
Missoula, Deexr Lodge, Boulder,’Logan, Livingston, to Red Lodge. The term

nCoeur d'Alene-Missoula-Red Lodge lineament® is herein proposed and used to
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describe the lineament., The Central Montana trough

and has produced offset of the structure.

Hecla Mining Company
Engineering and Geological Office
Burke, Idaho, U.S.A.

December 1, 1963

cuts across the lineament,




i 9

2,

3.

L.

5e

9.

10.

11,

12,

REFERENCES

Amstutz, G.C., 1961, Syngenesis and - epigenesis in petrography and the
study gf mineral deposits: Int. Geol., Rev,, vol. 3, p. 119-1L0;
202-226.

Anderson, A.L., 1930, Geolo~y and ore deposits of the Clark Fork distriet,
Idaho: Idaho Bur, Mins: and Geol., Bull. 12,

Anderson, A.L., 1940, Geology and metalliferous deposits of Kootenai.
County, Idaho: Idaho Bur. Mines and Geol., pamph. 53.

Badgley, P.C., 1959, Tectonic analysis as an exploration tools: presén‘bed
at the Amn. Mtg., AIME, San Francisco, Calif., February 15-19.
Preprint No. 59 I 69. g

Billingsley, P.R., and Locke, A., 1935, Tectonic position of ore districts
in the Rocky Mountain region: Trans., AIME, vol. 115, p. 59-68.

Billingsley, P.R., and Locke, A., 1941, Structure of ore districts in the
continental framework: Tranms., AIME, vol. 1L, p. 9-6L.

Calkins, F.C., and Jones, E.L., 1913, Economic geology of the region around
Mullan, Idaho, and Saltese, Montana: U.S. Geol. Survey, Bull. SLO-E.

Eardley, A.J., 1951, Structural geology of North Americas Harper & Brothers,
New York, N.Y. . ‘

Geologic map of British Columbia, 1962, Geol. Survey of Canada, map 9324,
2nd edition, scale 1" = 20 mi. (1: 1,267,200) P
Geologic map of Idaho, 1947, U.S. Geol. Survey and Idaho Bur, of Mines
and Geol., by C.P, Ross and J.D, Forrester, scale 1" = 8,2 mi, ;
(1: 500,000)

Geolozic map of Montana, 1955, U.S. Geol, Survey and Montana Bur. of
Mines and Geol., by C.P. Ross, D.A., Andrews, and I.J. Witkind,
scale 1" = 8,2 mi, (1: 500,000)

Geologic map of Washington, 1961, State of Vashington, Department of
Conservation, Division of Mines and Geology, by M.T. Huntting,
W.A.G. Bennet, V.E. Livingston, Jr., and W.S, Moen, scale 1" = 8.2 mi,
(1: 500,000) :

Hecla Mining Company, 1962, Ceological research progress «- 1961: geol.
resch. rpt. dtd. April 1l.

Hedley, M.S., and Fyles, J.T., 1956, Localization of lead~zine ore in the
Kootenay arc: presented at the mtg. of the AIME, Seattle, Washington.

Hershey, 0.H., 1916, Origin =nd distribution of ore in the Coeur dfAlene:
Min, and Sci. Press, San Francisco, Calif, (published at private
expense) '



16.

17.

18.
19.

20,

2l.

22,

23.

2k,

2s5.

26.

27.

28.

29,

30,

Hietanen, A., 1960, Superpos:c deforrations northwest of the Idaho
batholith: Proceedings, vt. XXVI, supp. vol.,, XXI Int, Geol. Cong.,
Copenhagen, Demmark, p. 87-102.

sooes and hydrothermal mineral depositss

Jensen, M,L., 1959, Sulfur i:o:o
Econ, Geol., vol. 5l, p. 37u=39..
Jensen, M.L., 1959-1962, pc.. . :ai cc. aications,

Johns, WM., 1959-1962, prozress reports of geologic investigations in
the Kootenai- Flathsad -r=2, northwsst Montana: Montana Bur. of
Mines and Geol., bull, 2, 17, 23, and 29.

Jones, W.R., Peoples, J.W., and Howland, A,L., 1960, Igneous and tectonic
structures of the Stillwater camplex, Montana: U.G. Geol. Survey, .
Bull. 1071=-H, wL e

Kirkham, V.R.D,, and Ellis, E.W., 1926, Geology and ore deposits of
Boundary County, Idaho: Idazho Bur. of Mines and Geol., Bulle 10.

Larsen, E.S., Gotfried, D., Jaffe, H.W., and Waring, C.L., 1958,
Lecad-alpha ages of the Mesozoic batholiths of western North
Americas U.S, Geol, Survey, Bull, 1070-B.

Leech, G.B., 1959, The southern part of the Rocky Mountain Trench:
Can. InSt. Min. Met.’ Bullo, Vol. 52, p. 327"3330 '

Leech, G.B., 1962, Metamorphism and granitic intrusions of Precambrian.
age in southeastern British Columbia: Geol, Survey of Canada,
paper 62-13.

Locke, A., Billingsley, P.R., and Mayo, E.B., 1929, in, Granite and
ore: Econ, Geol., vol. 36, p. LL3-LSL.

Long, A., Silverman, A.J., and Kulp, J.L., 1960, Isotopic compositicn
of lead and Precambrian mineralization of the Coeur d'Alens
district, Idahos Econ. Geol., vol. 55, p. 6L5-658,

fayo, E.B., 1958, Lineament tectonics and some ore districts of the

Mead, W.J., 1925, The geologic role of dilatancy: Journ. Geol.,
V°1. 33, pc 685-698. i

Misch,P ., circa 1954, unpublished mamuscripts and lectures in Advanced
Structural Geology, University of Washington, Seattle, Washington.

Misch, P., 1956, Tectonic patterns of the western Uﬁited Statess
presented at the Pacific Northwest Regional Meseting of the A.I.M.E.,
Seattle, Washington, May 3-5.

Ross, C.P., 1963, Evolution of ideas relative to the Idaho batholith:
Northwest Scio’ vol, 37, Pe hS"éov ’

.




32,

33.

3k

35.

36.

37,

38.

39.

Lo.

L1,

L2,

1“'30

Sampson, E., 1928, Geology ard silver ore deposits of the Pend Oreille
district, Idahos Idaho Bur. Mines aud Geol., pamph. 3l.

Schmidt, D.L., 1958, Reconnaissance petrography of the Idaho batholith
in Valley County, Idans: U,S. Geol. Survey, open file report;
also, Geol. Soc. Am., Zull., vol, 69, p. 1704 (abstract).

Schmitt, H.A., 1959, The coousr province of the Southwests Min, Eng.,
v01. 11, Pe 597-600.

Silverman, A.J., Long, A., ~vd Kulp, J.L., 1960, Age of the Coeur dtAlene
mineralization, an isotopiec study: Min. Eng., vols 12, pe L70=LTL.

Smedes, H.W., 1958, Structural interpretation of western Montana and

northern Idahos presented at the meeting of the Rocky Mountain

section, Geol. Soc. Am., Golden, Colorado, May 8-10. e

Sorensen, A.H., 1959, An interpretation on the origin of the Coeur dfAlene
ore deposits and their possible relations to some large scale
structural features: presented at the 65th Amm. Mtg. of the Northe
west Mining Assoc., Spokane, Wash., December 5.

Sorensen, A.H., and Jensen, M.L., $32/53L ratios in the Coeur d'Alene
district and their significance to ore genesis: being prepared
for publication.

Stewart, A.C., 191)i, A comparison of the Coeur d'Alene monzonite with
other plutonic rocks in Idahe: Jour, of Geol., vol. 22, p. 6811688,

Tectonic map of the United :>tes, west half, 1961 U.S. Geol. Survey
and A.A.P3G., scale 1" - 4O mi, (1: 2,500,000)

Umpleby, J.B., and Jones, ¥.1.,, 1925, Ceology and ore deposits of -
Shoshone County, Idakc  U.S. “esl, Survey, Bull. 732, 3

The miogeosyncline is to = large extgnt underlain by crysalline
rocks of the foreland, but the «ugeosyncline is not. Therefore,
the location of the miocgerosyncline is in a general way fixed by
the configuration of the submerged foreland. The "Eu-Mio"
boundary is real and controlled. Nevertheless, there was bound
to have been some interfingering of facies during sedimentary
deposition at the "Eu-llio" boundary.

That an ancient trough flanked on the east by a welt, which later
became the Purcell geanticline, existed in S.E. British Columbia

and N.W. Montana as early as the Lower Proterozoic seems indicated

by the fact that the Precambrien formations flanking the geanti-

cline on its west sids are of unuswal thickness. This is especially

true of the Prichard and Wallace formations. The thickest and
most complete sections of Belt rocks ever measured in Montana
: are located along , and west of this flank. (See Part II of
this study.). .
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SECTION OF VOLCANOLOGY, GEOCHEMISTRY, AND PETROLOGY

(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- \/
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

beyond the experimental error. The average value and the standard deviation are:

Pb206/PbZ 04 Pb207/Pb204 Pb208/pb204
Average of 15 Coeur 16.44 + 0.06 15.58 + 0.07 36.52 + 0.22

d’Alene galenas

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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