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INTRODUCTION

In the heart of the Northern Cascades, about Torty miles
due esst of Tverstt, Yashingbton, lles the former mining town of
vonte Sriste. Today 1t is slmest a ghost town; minlng bas long
since cessed, The town iteelf is more mccesslbls then in 1900
when the mines wers at the pesk of their operation, for @ road
gomploted in 1842 lesds up the Horth Fork of the 8%111lspunmish
tiver over Dsylow Pase into the bmein of the South York of the
sauk Fiver, in whieh ths town is locabted, rormerly the Nonte
tristo and [verets Rellroed ecame slong the seme roubte, but the
reilrond M freguant weshouts snd was uneble to keep openj
the long stretohes that it was closed caused it to eventually
become serepped. There is no other fessible method of getting
to the townp, although there ere treils from the south over
sopdle Dog Pess and ¥ilmon Pess end & trail from the north from
toet Leke over 1ds Fass. None of these would sllow for large
sesle trensportation.

The town itaelf llss whorse the Ssuk River divides inte
clseler Oreek, foventy-six Ureck, and Sundsy Oreek and it is in
the besing of Glseler Cresk and feventy~six Creek that the major
owe dsposite ere found, The elevations in the valleys very bew
tween 2,000 foet end 3,000 feel, while the peaks rise sharply
from 4,500 feet to 7,000 fest, This grest change in tepography
hes made some of the mining claize insecessidble and lande great
beauty to the arek.

Historioally, the firet claiss wepe meds in 1889 when, on
the Pourth of July, Ur. Pesbody sighted, gleening in the gune
1lght, the Seventy-six veln, Rumor has 1t thet the area was
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named then and there, ss he shonted "Iit's as rich as Honte
sriste®, ZShortly thereafter, most of the other promising velins
wepe olslmed and, when the Fride and uyatery mines wors purehssed
by partain well=known ﬂl@iﬁlliﬁ&#, the dlstprliet seemed off to a
good sterts A& smeller was puilt in Tverett and s rallrosd come
pleted to the nﬁn&n@ é&np. However, the comparatively short
senson of good westhep, the frequent washouts of the rallvond,
und she onrush of prospscbors to Alaska caused the capitalists
te withdraw} without fimsncial support the dletrict was a falls
ure. |

“he suthor Spent over two months in the field in order to
obtaln the geologleal date used tn this report but meh of the
information is sketohy, Necessarily, the more somplex and varie
evle loos) sonditions have been fitted into the genersl pleture '
and snyone using this information with rogards to s speoifie ore
deposlt would be advised %o mako & swparate study of the lmmedi~
«bo violnity of that deposit rather than assepting 1t sa fitting
sxactly the pgenerel oubline of the sren,

The sonelusions resched are bht' suthor's own and others may
repch entivaly ditch sonvlusions from the dats heveln pre-
senbod,

raknowledguent is mede to Professor fgoodspeed of the Unle
versity of “sshington snd Frofessor Larsen of Barvard University
under whose tutelage the suthor acquired his knowledge of Petros
graphy, Wetsmorphism, end Ore Deposite. Due te this knowledge
the many hours k:n the laborstory, werking with thin gnetions,
wers well spente Thanke ars due Lo Hiss Katherine ¥nowlton of
onte frisbo and Temonds, Washington end Mre Fu Re Ceriesn of
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seettle, Pashingbonm for thelir invelusble sssistance while worke
ing &t Wonte Oristo. spprecistion is wlso expressed to the
many others who helped tho aubhor while he was working ln this

L hatal - 1

DENERAL OROIOGY

“he ares seeme to heve had much the sems history a=z thek
sufoppad to the whols of ths NHorthern Caseandes, The oldeat rooks
are & sedimsntory series whieh are almost axelusively non-marine.
In theory they may heve been derived from nn older granitle roek
or from some sarlier pembeps of the serise nf andesite flows
which follow snd flow over these sediments: probably both roek
types én-o present in the Tocene, overlying the ssdimentsry
sevies snd older sndesites, snd st places sm&ngly'utmding.
on the east side of Weden Ureek, are the remalns of & basalt
flow. This flow le probably Wiceene in age and later sndesite
flows geem S0 overlie.

In ibc tabe Elocene, the aren wes intruded by & pranitie
rock which in thie distriet is @& tonalite. ilong with the
intraslon there wes probably uplift and foldings A vesult of
this was the formation of large aress of sehists fyom the andes~
ites and sedimentery rocks., Iarge wende of sohiste ave found in
wany places running elong bebtwsen the endesites an? the Sonalibe.

#y Pliovene time, the arsa wee somewhat loveled of ' apnd the
1sst of the andesite {lows were probsbly widesprssd, In the
Flaistosene, uplift must have scourred snd the resulting fovees
cansed tensionsl jolnmts to develop im &ll of the rocke of the
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régions fubsequent glaclation, ol ded by the pre-sxisting draine
age system, oarved out deep gulches ard left the reglon with its
prosent day topography.

with refopence %o the ore deposits 1t seems likely thet
they followed the grenitie intraasliens end econtinued %o develop
through the Pliocsns, the "lelstocens snd the Weaent, Nydro-
thermal in aaturs, they are slosely sllied with the processes of
granitizetion., While the jlaoiers may have removed some of the
ore, they slso exposed nush that mizght otherwise be sconcealed.
It is possible that thers sre lerge, undiseovered, rich ore
bodies undernenth parts of the reglon,

aROLOGIC BAP

*he geologic sap ineluded in this report takes in the ares
of the basin of the South Pork of the Seuk River, In the south,
the limit ¢ the divide bvetween the dralnege basine of the Sauk
flver and of Silver Oreek, On the porth, the bdoundary Is limlited
by the divide batween the drainsge basine of the HSeuk River and
of Goet lake. On the esst, it iz lisited by Cedet Peaks, The
sontour linee were obteined by meking snlergements of the Clasler
Fealr, Sultan, 2tillaguamish, and Silverton Guadrengles plus the
individuanl variations oheerved by the suthor and the geologie
sketeh mep by Jo B Spurr in Volume IY of the Twenty-Second
Annual feport of the U. 8, Ceologlcsl Survey. Some of the geoe
logle data war slse mequired from this lest nemed map and some
from the Pleld work done by the suthor hirself. Certeln srees ure
found to bave redieslly diffevent types of roek than had previously



besn Showhe

STRUCTURE
senersl Strasturel Relatlonships

mhe strusturs of this reglon 1g sisilar to that of the wholeé
Sapthera Cssendes, The sldest roaks, sedimentery in é.rtgin. have
*é“n falded, uplifted, peneplalined, intraded and covered by later
sndesite flows, These mndesite flowe in turn have been sroded,
{ntruded end westhered, Over the top of this woptharing surface,
the laet of the lsvae flowe sade thelr sppesvence, The sadinmente
ary rooks todey have a uniform strike of g, 10° ¥, and & alp of
68 W, Many of them show pronounced sehistosity, across whieh
there ia & series of parslliel cleavege plenes, The cleavage
planes strike ¥, 85° ¥, end d¢1p nearly vertieslly; they are found
in the sedimentary roske of Lewis Peak, Del Campo peak, snd Yeden
Creek Basin, On the sast side of Weden Gresk the sedimentary
pocks are overlain by the asrliest andesite flows whieh contain
s lerge sumber of vrasaiss, are almost perallel to the present
jend surfece, In many pleces they have wentherad pronouncedly
gnd soversd over, anconformebly, by leter andesite flowss On
the west side of Weden cresk the sedimenbery rocks have been
intruded by & large tonsllite Aiks, Heve the econtact zone is
sharp snd, while the tonsllte dtsplays all varlations from &
fine-gralned Lo @ coarse-grained ilgneous prook, thepe 15 & pos~
sikility that this dlke wes formed bhroagh raplacement setlon
ratber then by intruslon. some of the feldsper erystals are
zoned with the high temperature verlisty on the sutside end the
low tempersture on the inside; this stromgly indioates granibi-
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zation by replacement, In gseveral other places, simlilar dikes
have been cbsewved intruding the sedimentery formationss On
Goney Pesak there are certein beds, conformsble in dip and strike
with the other sedimentary rocks, which seeun to grade into low
temporature metemorphle pooks, Tt is probable that during the
yicecene intrusion these rocks were uplifted, warped, end mete-
moprphossd into schiste, However, thers apre endesites aslso closew
1y sllied with these schists, snd it msy be that they ere derived
from the sadesites rather than the sedimentary rocks,

The andesltes, the earllest of whieh sre provebly Zocene in
age, scem to e fairly conformeble over the whole ares. "hile
there are dlatinet breaks botwesn flows, meny have been almost
parallel to the present iand surface, Flow structure haﬁ been
found in both esrly and late sndesites, Sediments are found in-
terbedded and a group of palagonites snd brecclas are aitusted
uniformly neay the middle of the sndesite serles; this would seem
to indisate a fsirly flat surface sovered with lakes at one time,
The last of the andeslte flows, which must have come in late Plio=
cens or Pleistocene, was upon a wallwepoded surfacej the contact
gone 1s clearly marked, These are particularly noticesble on the
higher peaks such as wilmon Pesk, Silver Tip Pesk, Monte Cristo
peak, Cadet Peaks, and Golumbia Pesls, all of which possess &n
ancesite thet showa little weathering snd uniform charscter,

The besic mess on the east side of weden (reek is struoce
turally unconformeble with the underlying sndesite and seems to
have come up through a dike 1y the sedimentery rocks, This dike,
along which Weden Creck Hine is 1@&&%&&, 18 composed of sheared

ultpsbasie rock, The basle ignsous body wes probably in e
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besin similar to thet which exists today and, es fer as could be
determined from thin section, no flow structure was appsrent;
however, there are strongly orientated cryatals of blotite
gbout hslf-way up the mass., The thickness of this basic mass
18 st least 75 feet:and 1t may have extended over a mueh larger
ares. Soattered fraguents of basic rocks are found in other
sectiona, but scme of these might be from basalt flows. This
mass 18 probebly Kiocene in age snd perhaps similar to that
of the Yakima Basalt.

The schists of the srea have no uniform dip nor strike
they havg no wniform thickness nor any uniform composition;
atzucturally, they are quite interesting beeause theylseem %o
come between bthe intrusive tonelite and the pre~existing country
rook, On the south edge of Seventy-six guleh, there is a thin
band of metamorphic rocks striking eaat~west snd dipping nesrly
vertically between the tonalite on the south and the andesite
on the north: the structure here has apperently been formed by
the intrusion, Hlgh on Coney Peak, schlsts scenm to have been
formed through dynamic metamorphism. some of thess were form-
ed by metamorphism of sedimentary rocks rather than andesitic
flows, for many display quartz grains 1dentical with those
found in the apkoslc roecks, On the lower slopes, @8 one comes
up from up from the basin of the gauk River, there are also
achistose bands and, &8 these come between intrusive igneous
dikes and andesitie rocks, they are glmost certainly formed by
vetamorphism of the andealbes. dince the intrusiona are believed

to have occurred in early Hlocense, 1% is probable thet the

ashists were formed from the older rocks that were Eaeaaé to
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whe stroctural relationships of the tonsllite sre the most
interesting in the whole 8rod. In certain places, they are
pypleal of intrusive 1gneous bodles, end et other places they
show no Pfestures of intrusive setivitys It 1@ the guthor's
pelief trat some of the tonslite dikes intruded slong sones of
sarlier ink‘nnﬁ; while other large srems of the tonalite formed
voguler intrusive stocke. It 1o apound these latter sones theb
the sshisty formed through dynsma~thermal metamorphism. pertalin
other sontact sones indleate that the tonalite bms been formed
gheoush & elow process of replucorent sranitization. Instead of
e hot smgme working upon the ecountyy rocks, thers were hot ris-
ing solutions which plowly tut surely repleced the andesites,
Porming the younger tonglite, This le perhaps best exemplified
by the contest hetween the onslite and the sndeslte near the
pride spd Hystery welne on the north side of Olncler Oreaek
rpain. Thepe iz 8 sherp sontast sone, yet certain stringers of
andesits may be found within the tonalite and spote of tonelite
sppear in the andesite, The sffect of the prenitic rock upon
the strusture ssems bo heve been uplifting: in certain areas it
hes also csused the formablon of schistose bends.

Joinking
, the most striking strusturel festure of he yonte Oristo
Aiptriot is the propounssd joinking found in s11 types of rocks
end in roecks ol ell mges, shile thepe are over a dozen smpar~
ste apd Alatinot sebs of ioints, thers are thres major sebis.
one strikes N ﬂ,a ., and dips 65-TO° H¥a, & sacond has the
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apma atrilke bub dips at an angle of 30 to the HaWa, and the
nird strives §, 10 7. end ips 65 to the Wi, The sffect of
snis jointing ls to leave large planes available bo sbrasnlete
which expand when 702N, Wi lmon Peak and the Weadlee show 1t
cleapiyy bthe one 18 senarated from Lhe obhey by & major jolnb
plane of this hg@éﬁ »mile the sres on the cast side of Seven-
ty-siz Guleh probebly shows the jointing somewhat botier than
other sectlons, Lhe %@dim%ﬁﬁ&f? vrooks of Teden (resk przin, the
andesites of Silver Tip Perk, and the rocks on the south aide of
poney Pesk 21l show the effoots., On the scuth side of ailiver
peke & high, slmost verticel wall of sndesite haos about twenby
glacliel atreams punming down the aide siong Jointing plencs and
nrasents & moss striking view from the noptn side of the loke.
on consy feak one finds prineipslly sheet Jolnting. Lergs masses
of tonalite and andesito can De seen sheeting off the sides of
the mountaln showing both the principsl Joint plenes, gicng which
the messive rocl shests break off, end the eross jolnts.

tnaocfar pa the ors deposits ore goncerned, this jeinting
sesma to play & major role, for many of the nmsjor veins follow
siong plenes conformable with thet of the lointing., Tt aleo
secnms bto meke for snvlchment, whsre minor joints brsal across
the mejor vein.

geologia éf%Q the jointing is be be fuund in all the rocks
of the distrist. Nven the youngesbt andesitic flows show this
jointing, “hile 1% is nosnible thet there have boeen & series of
orogenic movemenis such s to nvoduee theze joinis, et 1sast one

. | , . e 4
of them must have come leter then these pine) Ffivess If the

=

lavaes are considered Pleistocene tn age, then the final jointing
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strueture-Jolintlng Plate 11

This photogreph was taken im upper olacler
sesin looking from esnt to west, 1% shows the pro=
nouneced joint plane between the Heedles Feaks on
the right snd ¥ilmon Peak on the left, The roek 1=
sndesite snd Jjolnting mey bBe seen on the wiall of
wilmon Peak varallel to the sajor Jolnting.
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wast sleo be of theat sges It is the opinlon of the author that
wuch of the jointing took place during the uplift of the Ces«
pades in Miceene time, “his woe probably & slor process and
diffopent planee of weskness developed. Towever, the final upe
147% of the .ﬁnm’t. whieoh took plave ia Plissene-Plelstocens
time, undoudbedly produced some new sebs of jolnte end Cractursd
the youngest leva flowe. The intense erosion during the glacial
uge sccounts for the sierp features thet the joilat plenes made
poseible; in msny csses, smell alpine glaciers must heve seined
upon these gones of weaknoss &6 & PUABREAWAY. Denes the Jevelop=
ment of the deap gorges on the sides of meny of the peaks, To=
day these Jjoint planes serve s escellent passsjewsy s for water
gnd on elmost sll the pesks water mey be seen casonding down the
wsberfalls in these marked zones. It 1s probable that the press
snt rate of evosion will wesr the sharp features away in & short
geologie time, bub, sz 1t ls, he jointing lends wuch seenle
besuty to the distrlet.

POTROLOGY

The pooks of the sres Include sll major types: sedimentary
forme tions, exztrusive end intrusive lgneous roaaks, snd metanorw
phie rocks. m sedimentary formutions seem to be the oldeat
rooks, the extrusive andesites epye s seriee of aLffepent rook
types, the tonalite intrudes Tobh of the preseding fovmatlions,
snd the metamorphis reeks ars found along the intrasive contects,
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gtrueture«Jointing Plate II1

This pleturs shows someé of tha prowinent sheet
jointing of the distriet. It is taken on the slide
of Coney Feak looking east Lowards ¥onte Cristo Peak.
The voek sarface strikes W. 65% ¥, and i» dlppl
sbout 66% to the 8, ¥, A minor jolni plane mey 05
seen with the same striks but dippiag et sbout 107
to the ¥, We £ third series of jolnks cuts of f the
alabs of roek., It may be seen in ibe baakaground
stpiking ¥, 10° ¥, and dipping elmost vertieally.
The rock in the foreground iz tonelits.
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Sedimonbery Series

one of the importent rosk fovmstions in the Honte Criste
distried ia: ;h\%a series of sedimentary formmtions, They consist
af erkoses, sheles, sandsbones, snd conglomerates. In places
there sre & few limy beds, This series seems o have been formed
by the breskdown of some pre-existing grenltie roek, It le ne~
sumed that these older grenitle rooks underliec much of the aresj
gt no place are they ox&aw& and recognised, Thess grenitie
rooks would bhe comperable bo the N, fhusrt Orenodiorite.

(ompesibion. The rooks are composed of nnsalatu Quarte
{ragument 8, feldspathie materisl, and some earbonpacous matier,
In the slder songlomerates, pebbles of & grasitle roock are
found, as well an soms thet zesm to be endesitie in nature, The
erkoses which composs & large pert of the series, srs octmposed
of guarts, feldsper, and bistite whieh seem So interlock foruing
s good grepitis texbure, In these pooks many traces of sadie
mantatlion have veen o)iminated aad 1n the thin seectlon they
ofben sppens to be sn igneons roske However, the blotite is
fresh, and in certsin places the quarts erystele have cleerly
grown sinee deposition. Often the feldspars hsve baen regene
erated and it 1s possible that with & glight smount of matemors
phism these rocks would baeome indistinguisrable from g_emnu
introsives, The ronglomerntes have s ground mess of guarie
fragments with some smount of feldepatrle saterinl snd are
lergely sompossd of pebitiles of & granitie rock which rosombles
s typlesl greanodlorite. The shales are componed of 8 large
guentity of seall angulets guarts fragments, feldapathie materid,
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and felr smounts of atrbonsceous mebbers I pleces, smell eryse
tals of mics mey be nbsmné:u vhe sendstones, whieh ere elmont
gusrigites in usay pleces, are conposed alwmost entirely of sngu~
inbe querbs Ireguents end, ss the fregeants grow [laer, they
grade into the cheles, The fow llmy formetions elso Yeve large
guentitvies of quarts frogmonte bub, instesd of feldepathic nates
risl, eslelum carvbonete is the cementing sgent,

logabisn. The rocks are loceted on lewls Ponk, Del Usmpo
Peak, in Weden Creek fesln, and on the westernmost pert al Coney
veaks They sre also found to the south of the dlstriet in the
pamin of 8ilver Crsek, Thess formatlons strike W. 16° ¥, end
vave & dlp of spproxlsately 86° w. in general, buk there are
many local veristiopes The arkoses and conglomerater sre boab
exposed on Dal Campo Peak, the shales snd ssndstones in Weden
Creel Tasine

geologde Agee If the granitle vook from which these sedie
senta weprs obteined 18 compsrable in age Yo the ¥%, ftuart Oreno=~
Alorise, then the sedimentary vocks would be Tosens oF younger
1n ege, e& the W, fbuert Ovancdiorite is gesorally sensidered
o be late Mesomole. In sddition, these rocks resemble strongly
the lsnd sediments of the Swaulk formmtion whieh was derived from
the Ht. Stusrt Orapodiorite and s ponsidered to be Tocene, On
the baele of & single fossil found in the ares, ke sedimentsry
racks have Been corvelsted to the Puget group, This group is
alse Pocene in eges The author found a single leaf foseil in |
the aros but wes unsble to correlate 1% with any known &ges IR
this report the sedimentary sovies will be sonsldered Tocene.
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patrogrophy. The stady of the ped imentary roeks in the
thin seetion iz most interzating. They are composet of angulete
gquarty fragments whiech show plearly thret the perticlas ave moved
wut & short dlstance. "hils soms of the beds seem Lo be uanpaaaa’
of fragments from andesitis extrusives, most of the maborisls sre
spparently fomsed by the breakdown of some grenitle roek, The
shalas, whish are the ripsstegrained roeke of this peries, show
many tiny quards fragmenbe sewontaed together In a feldspathla
and scarbontseous matrix, As ons progresscs tawards the more
eoaras-syainﬁd rooks, the shisf 4iffsrances are the inersase in

.. mine of tha quevtas fragments snd the decrenss in the smounts of

feldspathis and carbonaceous naterialy  In the avkoses many of
the quarts fragments have grown 20 8% o be iadineingaiahnblo
fpam pricery erystals) thapre sye also neny strisbed rsldap;rn,
and fresh, uneltersd blotlte arystale, The srkoses as a whole
seom to have been refuvenated. In the conglomerates thore is &
wigh percentege of arheele wsb eriel shich, soubined with the
lerge numbers of granitle pehbles, often lesds to the formation
of a granitie sppesring roak, Inteod, 1t iz gquite possitle that
same of the po«aslled intrusives of tho ared ars merely slbered
arkosen., erin secbion anelysis of the eonglomeratle rocks shows
that the grepitic psbbles contaln quaris, srihoelase, oligoclens,
horableonde and blobltes As sacensoyy minerels Yhers &re MASOE=
tite snd apatite, Other pebbles are eomposed of fairly pure
quarte, jesper, viﬂtnartanu&~vaienaxa materisl, and, in & few
enses, older pedimenlary petblien, The metrix aften shows good
feldspar erystals whieh evidently could not bave besn formed
while the roek was belng deposited bub sust heve grown around
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some core of ksolinitic mstter, Thin ssetion enslysis of the
limy formetlone shows the large nusbers of gquertz fragments held
together by caleium serbonube, Fxespt for the limy neture of
the wabrix, thess sre indlstinguisheble from the other sheles
and sandetones of the serisa, 411 of the different types of
roeke in the sedimsntery seriss show unmisbtakable slgne of bee
ing lend sadinents,.

Andeeite Saries

overiying the ssdimentery series around Vedsn Oreek Taslin,
on lewis Peak and south of this distriet in the Silver Oresk
Basin, @re s series of endesitie roeks, “hey overlie the sedi-
ments uneoniormebly end cover large srees completely. There
soems to be m distinet late stege of this sories.

Compositions The different roeke meking up thie sevies
ers: sndesites, endeslbie breecelus, daslites, mﬂ_.ﬁu, poOPe
phyriea, and meny thin, interbedded sediments, In meny pleces
the rooks are westhered so as to present a unifopm green sar-
fsce. Bowever, most of the laves themselves mre dark in ealor,

Iosgtion, "he sndesites are to be found over #ll the
sonte Cpiste dlstriet with good exposares on Wilmon Peak, Co-
lumbis Pepk, Coney Pesk apd lewie Peak. Along beth sides of
Leventy~aix Ouloh thers sre sxeellent exposursos of the ardesite:
while most of the beds are weabhored, many of the different types
of vooks can be ldentified here. In pertisular, the lave brocolke
ﬁn spparent for they westher to & light green roek that 41is~
tinéﬂy shows its broceisted nature., On Silverbip Hountain,
Columbis Peak and @ilmon Peak thers is an andesibe, uniform in
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nabturs, tlat f¢ wach younger than the obther mewbers of the
pories, There le & felrly woll defined contaed sone, bul,
ingswush as the compositlon 1s similay to that of the underlys
ing bedes, no dlstinoblion bes been drawp betwesn thiz axd the
sarlier menbeps OF (he series, I Vesrsall duleh there are also
wany Cine exposures of the serles. Heps auy be sesn Pod oxem-
ples of the desibes, vyholites and porphyries found in the ares.

deoleide Afge Tusol geologle age of the sarias ls probably
quite indalinite. As thoy overlis the sadiments they are young-
ery bub since some andsesite pobbles heve bsen found in the sedie
wents, 4% 16 guite poraible that the two woere sontemporancous in
age. Thue, 1t would not be lsplausible to say that the aerles
begen 1n the Tosens, The great thlokness, sb least 4,000 foet,
indionten s large mumber of flows. OSome ars 5o be found on the
hizhest peaks, and almce thess flows ere somparatlively unweathe
ered, one mey aspume that they ars Flliocens or mum; in
sgee The gread contim:ity of the beds suggests that at no time
was there $00 long en lnterval withoud sems voleanle metivity.
The eerles probably renges in age from Focens st tha base Lo
Flelstocens st the Sop end in this respeet 1% sight easlily be
sorrelatsd %o certein sndesite serise ferther south In the Cae-

srography. “hin section analysis of these rocks ylelde
qulte veried results. HNost of the epeclimens Peve beon weathored
g8e ar Lo possses quite a Aifferent eosposition then that with
which they were origimelly sndowed, %hs andesites, in general,
posgess oligoclase and andssine rsmmm; pyroxenss and horne-
blende e the dark materisl and s emall smount of querta and
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miea. %hen weathersd large ousntities of epldobe end celeite are
to be found, Alsoe ohlorite, pyrite, querte, blotite snd some
petinolite are seen under the microseops, The actinollte is
found partieularly in certuin breccles while the pyroxenes,
ehielfly hypspsthene, ere found in the youmgest of the andenlite
flows, UYany of the flows poesass &n extremely fine grounde
sese thet is microscopicelly unidentifisble sxcept for the meny
tiny lsthe of feldepar. Some of the rocke are glacsy In neture
snd others show signs of ones having been sop In pertiouler,
cartein daeiter and ryholites of Pesrssll Ouleh show fragnents
of volesnis gless in en extremely Pine-grained, eryotalline
metrix. When the roeks are porphyritie they show phenocerystes of
feldaver and pyrowens in a fine-gralned matrix. Interbedded with
thepes sndesibes are seny thin sedisenbary bede whiech show angu-
late fregments »&th of the mimeral grsine snd of the sndesites
themsslvet, In certeln ceses they have besn so sltered 2z to e
unrecognizale, ’

Probebly the most Interesting thin seetlon made of the andes
1te flows weo one mads from & specimen token from the north side
sf Lewle Peek, A sestion wes made of the ponteact beteweon the
wee thered surfees rock snd the unwesthersd lave, In both cases
the most striking fepbare wes thas flow sirucbure diselosed By
the labeadorits feldesper eryatals. This showed thad the rook 1s
flat=1ying as it liesy probably it wee ones of the moat ressnt
lave flows. In the weathered sone, the voak, whieh sppearasd
green, showad lerge quentities of epldote, ehlorite, blotite,
letradorits, and some fres guartz, In the unweathared zone,
whieh eppeared black, the speclmen showed blotite, hernblende,
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and lebredoerite. The contoct zone between therm was compoesed

pars

slmogt exclusively of a layer of ssleite,

Baslc Hoolas

Distribublon, The basic rooks are found on the easst slde

of Wedsn (reek Basin end extend towards Silver Tip Guleh. There
are aiso smell fragmnents of basaltic materisl found on the north
flsnks of Del Cempo rPesk snd some in Glacler Guleh, These basle
rocks are probably the re@nan%g of a flow or of a sills they lie
over the oldesr andesitea snd the sedimentery rocks.

deologic Apes The basie rock overliss the vlder andesites,

therefore 1t must be younger in age. As moat of the basalbie
glows of the Northern Usscades are Miccens and es the older endes-
ites are probably nogené opr Oligocensy it is guibve probeble

that these bLasic rocks are also Hiccene., 7They scem to be fed

by & dike on the east side of Yedsn (reek wilch cuts through the
clder mogene sedimentary series.

» The basalbs and basic rocks are darik appesrw

retrograpiy
ing, but the surface weathers to & beautilul red color. They are
limited in exbent, bub seem to be fairly uniform in composition,.
In the thin section sugite, olivine, labradorite, biotite, snd
soWe hypersthene have Deen observed. vhen weathered these ma-
terials albter to yieid serpentine, tele, sectinolite, and chlor-
ite minerals, Tue top part of the body seems to be fairly
uniform in composibion, but near the bottom one finds concen-
tracions of sulpnidesj thin sections show ollvine, sugite,
piotite, pyrite, chaleopyrite, and some pentlendite, It is

slong this lower contact that potential ores have been concenw~
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trated, Sulphides are probably due Lo soncentration by meteorle
waters, whils Yhe mafic materisle mey bove beon concentruted By
wagmatic dirferentintion. '

voeding the rlow iz s dike, strikiog ¥ 0% w, sxd dlpping
pearly vertieally, ¥hieh euts through the sadizentary format lons
gimost perallel te the epebern prapch of Teden Craoek, éﬁﬁurxﬁl
af the dike is mlimost exelusively gerpentine, Thin sectlons
ehow clearly that mush of this ie an elterstion produet from
vroneite, bub there are ¢l so sone relice of olivime, It is of
particular importsnea pessuse the “edon rppel ¥ins lles on this
vein., The ma%crﬁtla mined ave salphides, pertimlarly the
' onaleopyrite which ia chiefly valuable for the eopper end 2014 «
probebly st one time this was an ultrabasic olivine-pyroxens
dike, tut sxposure %o weathering end shaaring have egused the
rock to elter.

granitie Roeks
aranitie rocks of the ares heve & feirly uniform compoaition
end very in width from s few Pest to seversl miles. Thay ave '
round intruding the sedimentary series, the andesite series and
in contset with the sehiste.
compesition of the granitie rosks seems 30 be

ilrgaly thet of & tonalite, grading et times to a grancdiorite;
in some plaoces it vapies in grain size enough %o be called &
porphyrys bab nowhers doss it vapy too mueh from the gensral
pompnsition of guaris, oligoelass, blotibe, snd hornblende.
Geeasionally hypersthens 18 found and the common sopanaories ere
mugnebite and apatite, Yheve the saterial bae westhered,
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kaollin, epldote, pyrite, cilorite, end calcite heve forped and
ghig rock often appears tu be idenblesl with some of the wesath=-
ered sndesites, the mein diiference bLeing the presence of some
oldeyr orvatels of guartsz.

rosablon. The toneiite is to be found in widely seabiered
places, the best of which are thoae &b the head of Glacier (reek
paein where the tonalites seem Lo be & messive dike ecutting
tapcugh the older endeslte flows. Parther north, offshoobs can
be treced bsck to thia lsrge intrusive bodyjy on Goney Pesk three
lorge esst-west dikies vre seen Lo COme from this central core,
Po the soubh lerge bodies sre observed to grade into the sedi-
mentary roaks of Allver Ovesk pasin. Other notsble sxposures
are the dike nser the Ne. ¥ consolidated Wine {in the ssdimente
ery fpymetions), the dikes along the flenks of 3ilver Tip loune
tain, snd the small dikes found in Pearsali GQuleh snd nesr the
Rainy velin., In the undergeound workings of ghe veins tonallite
may bo found almosd anywhers.

éaalagi@ EY.Cl The tonallibs intrudes the asdimentary forma-
tions, 1t inbrudes ths older sadesitic beds, and 1t is itself
svarisin oy younger sndesitic heda. Thersefore it is sonme

Llace bobween the focene snd Plelsiocena in ages it 1ls probsble

a7

'

lates #it

g
[
g‘ .

shet Lt core the grasnlbic rocks ol the Saocguealnie
cusdrangle and 14 would thepafore be jlocene ln ags. Losever,

ginee thsre wre curial

o

{rdisations thet this ls granibization

o

by eeplacemsnt processes rather then by sebive wmaguesie intru-
gion, 1% might be congidered &8 & conbinuous development from

-5 PN P o o S o T o o . vl R
tlhie Loaane bto ths early rlelalocend.
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Eetrogpaphy. Thin ssetion saslysis of the tonalibe seoms
to indicate s typles) grenitle roek. It is somposed of @ arts,
slagioelase feldspares, hornblends, blotite, snd oecasionslly
arthoslsse, In & few ceeses sugite ant hypersthons are found.
16 sceesssory minersls wagnatite, spatite, aphsne, airécn, srd
tourmeline are present. The textural relstlonship 1w typleal
of & grasitie rosk: lsrge erystsls, good miﬂn, ard & low
percentage of mafle meberisle. it veries from flne-greined teo
soargo-grelned

gortain thin sections imdicate that this is not s norsel
grenitic rook. The lerje éﬂm on the west side of Weden Creok
shows excsllent plagloclses feldspera. These feldspars are
goned with the high tempersture minersl on the outside of low
tempersture; labradorite sored eround sligoelere, This would
ve ap upususl oosurvense in igneons vocks, for it Qnéiaitlt
et the tewperature, instesd of droppling, hes pmgunwo&x
gone upwerds, % eharseteristic to be found only in mstamorphie
rooks, Thope is slse to be found s certaln smount of relie
struature; running through IQMsm&! and gquertz eryatals, sligoe
ments of fime imclusions mey be sesn. %o ths suthor this
irdicates that this dlkes has been formed not by intrusion bab
by & metamovphism of the arkesle rocks by solution. Slnece this
dive dose not strike esnetly e» do the ssdiments 1t is probable
trat vorlucement took place slong some gone of atruetural wesk«
ness. One fset trat would seem to contradiot e replecement
hypothesis ia2 i:hs davelopmant of good contaet zones bebtween the
Aiks gnd the country resk. 7The dike lo fiseegrained st the
sdgen, cosrse-grained in the center; In eoxposition 1% 1s much




Pelrology, Tounallte-indealte Jontact Flate IV

Teken in upper Glacler Hssln, this photograph
shawe the sontaab betwsan the erynhsllina tanalit@
on the left and the finer greined sndesits on the right.
The sontact is clearly marked and gulte irregular.
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eloser to & granodlorlte ;&m to any other type of lgneous
rooks ol8o 1n favor of e replscsment theory of grenitisstion
are the conteet zones in Ulseler Creek Besin, Hepe there is no
sone of sehistose rocks bebtwesn the sndesites and the intrusive,
vather theps is o conformable contast whieh chowe the darker
andesibes greding inm to the lighter tonalite. Hegascopleelly
this conteet appsars %o be guite sherp, but thin section srinly~
#ls contradicts this spposrsnee, Small Mxvp%bhau of guarbg
end feldnper mey be pbserved in the andesibe. These seem to use
some pre-existlipg erystal of the sndesits as & core and bvalld
eround 18; some show good relic structures. In the tonslite
Ehers are skinlithe of andesite, relies of the older roek which
are loft within the younger voek, Tbis lsdlestes thet the con~
Leet between the twe rook types le¢ dus to slow replacesent rather
thar hot imtrusive sedion, It is probable that this whole aves
nus been sabjeeted to s prosess of grenitizatlion b} replacement,

fehlste

whe sehlsts seem to be present at meny places between the
topelite ant the sndesites. In many placss they form a thin bend
of metamorghosed rogks, in other plsces & wide dend snd iln some
plages they ave entimely lmokings Some of these formations ehow
signe of reving metsmorphosed from sedimentery !'Mk! rather then
gndesite. It is possivle Shat these wers formed from sedimente
in the sndesiie series,

Compoaikion. The rocks are compored of metamorphosed
sndesites and sediments, winerslogleally consisting of apldote,
setinolite, biotite, gquarts, shlovite, snd some feldspars. In
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msny places they show good sliznment, in others nons 8t alle
‘dome of ihe posks ghow large Yhugen'. This iz probebly due %o
the presence of & aonglomaratic bed mthw then to cateclanis,
aaynets heve baen Qb;nm.é in some of ths vooks, sesmingly
tndlcating high tamperatures; as o rule, these rocks sre Lype
toul low bemperaiupre schiste. '

Logation. The schigbs are to be found st the head of
Seventyesix Gulch in the bvesin of slscler Oresk by Glseler Falle,
snd in three large bands on Consy Peaka It 81l csses eiuy 1ie
petwesn the tonalits and the andesite serles, They vary in
sbrilke gnd dlp but the general trend is aboub W. ¢8° ¥, and the
a1p 70° W, ¥,

geologle Ages Thers is every indiestlon that these roeks
are mebemorphosed mewbers of the prdesite series; the utk that
they elwaye 1le betwesn the topelite and the sndesites would
seem conolusive, As the tonslibe 1s probably ¥Wiccene in 858,
go then would the sshists be Niseens. in sny event they are
1ater then the sndesites from whieh they were formed.

tn an ares undergoing granitisation by replacement these
gehiste might be scecounted for ke an sarly, high tempersturae
phase of the hot gpoanding Wﬁbml golutions, On the other
nand, it is probable thet theae schists rapresent the soatmet
sone between the first bot intrusive rooks of the ares end the

overlying sndesites., The sge =ay be taken as Hlooena.

Fatrony ;,::q; ., In the thin ssction the schists sre interest~
{nge There is everything from & low bemperature green schist %o
¢ high tespersture, silleions, gernstiferous momber, Forreps
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ol of these pletures show the contaet Dew
rwesn the sehist and the gonslite on Conoy Fesile
Photogreph (8) shows the gontact wons from &
Atgtanoe; the sahlist ie the dark rock on the lelb
and the tonslite the light roak on the right, The
sohiat kas spparently bLeen sermenbed by iron gul=
phides ond lator weathered ns 1t bears s bright
red suriace. .
rhotograph (Bb) shows e ai¢ferent sontect; the schlst
sy an the lsft and the intrusive tonslite on the
riphks There ie s clesrly defined contact zone
netwsen Lthe two roek Lyfes.

Plaste V
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the best study le thet serics of rocke cut seross by the oreek
et Glacler ¥slla, A series of sghiatose ;meks strikes ¥, 10° %,
and am negrly vertlicelly. dsoroas ghen & pumber of aplite
dlkee sesm to run. The rocks very in solor from & pale green
te & dark black; all heve been matemorphosed, The light, gresn
rocke contaln epléote, silles, snd gernet and they sppear ta
have Pormed from & sillelous sediment rather than rom &ny preé=
existing volesnle rooks fertainly there sesms %o be some
definite slignment, & volle stracture, in the rooks, The crainsg
of querts sppear to be enlarged fregsentsy the elignment does
pot seem %o be due to the metamorphic naturs of the rock. The
dark membeps contain allies, bistite, hornblende, setinolite,
oné ehlorits, These sesn o heve motemorphosed Trom the sndos-
ttie laves., They contala relice of feldepars snd show the
rejuvenshed naturs of some of the mefie materisles, Thin see~
tions of the aplite dikes, shieh ars asproximetoly £ lnshes in
width, indicabe thet thay sre replacement Aikes pether than true
ignesus tands. '

*hin seations of the sehistose rooks on Consy Peak indloate
both high end low Yowmpepaturs rooks. “he eloser one comes %O
the conteet with the tonelite dlke, the mors the rocks seem to
be metamorphosed, At a disbance af shout BO Test they begin %o
grade in to the andssites, Some of the andesites pot far awey
glso show signs of porphyroblastlie development which mey well be
due to the uot emanetions coming from an intrusive body, Come
position of thess sehiste 1w ollgoclsne, sctinolite, viotite,
shlorite, silies, snd the ever-present epldobe. 2ghiete a4 the
nesd of Seventy-six Juleh are waok the same, but they show less




be formed from ssdiments vather then frow sndesliiic roets
gre opobably the vesults of a lower Lsuperature contact then
those on Coney Pesit, AS & whole, the mebemorphile rocks of this

&
-

ares ware formed {pom pre-sxisling andes

e
tndzu

tie rocks by logellied

{E}

blgh tewpsrabtures and sctlve solublons,

The metemorphic prosesses in this region ere quita ?§riaai
of greatest interest 1s the slow replacement of the country rock
by solutions. Even schists of the srea seenm to have been formed
in thiaAway. Tn sherp conjrast with the ordinary run of meta=-
moyphic rocks is the tonalite that appears to be paramegratic in
origin, In fact, ell of the grenitic rooks of the area may be
of this type. Certainly scme of the rock bodies ere, in sctual-
ity, replacement dikes. Peldspar orystals in these roocks will
ahaw ga$é zones with the alkall feldspers on the inside and the
salele feldspers on the outside of the erystals: at times they
also show relie structure, Thin sections from the dike neer the
Hopthwest Consolidated ¥ine show both of these features., The |
rock 1s composed of quarts, feldspar, hornblende, and blotite.
The zoning of the plagloclase feldspara shows 1nnér gones of
oligoslase and outer zones of lsbradorite. Betwesen the crystals
of orthoolase and of quartz there may be seéen relic structures}
tiny bits of Teldspathic materiel show a sharp alignment rmn-
ning across and through the arystels, There sre two arguments

sgainst the theory thet these pocks were formed by replacement



20

aolutions, Firat, the conteots between the tonalite and the
sedimentary rocks are merked by e fine-grained facies In the
dike. The ovryatals ere smeller snd seem to be hess well con-
solidated, Thin seations were made of thie zone but none wes
actuelly obteined with the ignecus roek and the sedimentary rook
in the seme slide, However, slides of the sedimentery roak
showed porphyroblastic development of feldspar erystals, The
geeond featurs thet snpsars contrary to the nypothaeis of re-
plasement grenitisation 1s the quentity of high temnersbure
aceessory minerals to be found in this rask, Thare sre spabits,
tourmeline, zireon, snd magnetites ell ara ineluded in the querts
erystsls ss well ss in the feldspars. In 2 pavenagmstlc rock 1t
might be expected that the aseSszory minerals would be lower
temperature minerals, Only the slight tnalusiona of faldspathile
materiel, probebly serisive, would seem to back up & paramags
metis origin, Although no flow struature was chasrved, 1%t may
be that these festures are indicative of vheomorphism end that
the roock was formed from s neomagma, The anthor Rellaves the®
the evidenss 1s in favor of granitization by replacement proc-
esges, Tn the basin of filver COraeesk, erkosic rocks wers obasrv=
ed that displayed features similar to thia granitlc rook while
8611l showing thelr aaﬂimen%ayg‘aaﬁure. T+ ie thought thet i
metemorphie processes had sontimied these rocke would heve soqu=
ired the aams\ignaaas gppesrencs az the dike rosk studied,

The large tonalite mess stretching from glacisy Basin bo
Goat Lake shows Interesting features. The contact batween it
end the andesite is typicel of a replacement contaat; borders

are feirly will defined but thers is no fine~grained contect



Mebtamorphiar, Tonelita=indesits Contact Flate VI

che photograph is teken above Glacler Falls
whers the iptrusive tonelite and the sndesite onne-
teet one enother, The tonalite 1= the light,
coarseegralned appearing meterial whieh is intrude
ing in veinlets and in lsclated centers rather Sthan
along » smooth contmet zone, The andesite in the
darkor, iner=grained voek in whieh the light sonea
sl tonalits may be clearly ohserved, :
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zonz. Thin seetions made on both sides of the contast and
through the contsei show a gradual replacement of the andesite
by the tonslite, The usual minersls of the andesite are horne
blenda, oligoclase, biotlte, snd @rtﬁaﬁlaéégﬁ‘@bﬁsg heve been

waathered on the surfase to form avidote, ouartsz, kealin, end

gsrielis, The minerels of the tonelite ere quarts, ocligoclase,
gﬁﬂeaiﬁ@; horablende, and some biotite., The replacement phee
nomeng entalls s odmplete porhpyroblastie growth of guartz and
enlargment of pre-existing feldspar erystgls, That the replece=
ment has oceurred slowly iz shown by the lavge-grained texbture
of the tonalite. There ere several places in which lerge frage
mante or relics of the andesite may be geen in the tonalite.
These andesitlc inclusions give eleay evidence of thelr nasbture
and may be called skialiths, or "shadow rocka®, as they ars not
foreign to the rock but shadows of whet it once was, The overs
all pisture 1s that of replacement of the andeaite by ancending
magmnatic wabera.

in excellent study is that of the rocks in the lower GRacler
Basin, 0Olaclier Oresk descends In a serles of wabterfalls from tle
uppaer basin down to the lower basin where 1t later joins Seventy
8iz Oreek at Monbte Crlsto., The exposures are goods Thin seg-
tions made of the various rooks show actinolibe, garnet, epldote,
pyrite, diopside, and many other metsmorphle minerals, The
vocks avound the falls are definitely metamorphic in nsbure.
Howevsr, many do not seem to correlate exactly to the endesite
rocks that are found nesrby, rather they seem to be metamor=

phossd sediments, TYnder the microscope, distinot bedding planes

can e s66ne
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The aplite dlkes whiah oul ecrons the othey roaks In Olacler
fanin ars alse intersatling. Thess dikelets, whilch al Tirst
glapse sgpear Lo e high 'i;eaa;-‘:;é‘mwm intrusive diken, ahow &
sendeney Yo fade Inte the soumiry roek, Indsed, seversl jpro=
asuneed velnlabs can be seen goming off of the alx-ineh dike=
lebe ab 7arisus peinte ia thelyr eroselngs This might merely be
magmetie stoplng, bat there sesus to be also ralic structures
within thc dikn thesgslves, Thin seotion snalysle of these
apiite dikes show garnet and diopside, & hypleal metsmorphis
seenppence inm the Csscsdess The sonclusion drawn from these
dikes 13 that they are formed by replacement rether then Ry la-
i tz- .minn.

1n consideping the larger metemorphic festures of the
region, one must mentlon the numerous large ersas of sehlstose
raokes While most of thess san coneluslivaly Do aﬁm to have
basn adarived from the sndesltes, corteln onas show songlamer=
‘t’-‘&&c structures, guartzitie bands snd other ususual festures
that ons would expset only in metamorphle rocks of sedimsntary
origin, Thess roaks msy havas baen fopmed Cfrom lenses of sedle
sonts within the sadesitie lava flowss On the south side of
Poodles Dog Pmas, the schists ere clesrly sedimentary in origin.

on the west side of Copsy Peak there is a large srea that
ahows aigns of eataclasis, Thers ars some matamorphio mylon-
1toe snd brecciss in this reglon. mhese cateclastlic rooks ceem
$o bave besn formed from both sedisents and srdesltes. They
grs gquits dirferant Crom the obther metamorphie rooks of the
reglon snd very locellzed. The massive zons of perpenting,
along whish the ¥Weden Cresk Hine is locsted, mizht sleso s




ustamorphiss, Aplite Dikes
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mhig photogreph was taken fuat below Clecler
Palls and 1% shows one of the glz=1inch splite dikes
patting soress Shs sehistoss voeks in the baein.
#or sbout 80 feet, this dike hma pepfectly straight
contacsts, bat in the eonter of the pleture 1t mey
he sesn that smsll veinlets ave breaking of I the
wxin dike sand some o ths csuntry rack 12 belng
enelosed by the dike raterisl, The dike 12 a roek
of finewgrained quaris o tales while She aeouniry
vack 18 & sehist apperently formed by the mebamor-
phism of sadimentary rocke,

Flate VII
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congidered metémorphie. It is probably a weathered ultra=
bagie rock, but much of the altered material may be due to
movement in the shear zone., Since replacement by solution is
congidered to be metamorphism, metaworphic rocks cover a very

large part of the district.

SUMMARY OF GENERAL GEOLOGY

The geology of the area is quite varied; all four major
types of rocks are represented here. The structure is compara=
tively simple, apparently being that of flat-lying beds intruded,
folded, and covered over by lava flows, The jointing is probe
ably the most striking structural feature for it cute all types
and all ages of rocks, leaving its many fracture planes to be
geen at almost any place in the distridt. The feature of greate
ent interest is the metamorphism found in the area, specifice
ally that process of granitization of the country rock. It is
quite probable that this is more widespread.than had previously
been realized. :

The roecks of the area may be correlated with those of
nearb& areas in the Northern Cascades, The land sediments, the
arkosiec rocks, are oldest and correspond to the Swauk Formation,
the Cuye Formation, and possibly to those marine sediments which
are located slightly to the south, in the Index area, known as
the Cunn Peak Series, The andesite series probably corresponds
to the Keechelus Series of the Snoqualmie area., There, the
andesites seem to have formed & continuous series from TNocene

through Pleistocene, just as they seem to have done in the !onte
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sristo distriet. The basle rosks sorrelate well with the many
common Wlosense basalie of the %ﬁ?ﬁh&?ﬂ gasecedes, The intrusive
tonalite probably corresponds with the granitic roocks of the
Snoqualmie ares, It is the suthor's bellef that 1t slso gorre-
sponds with the granitiec rocks of the Index eres, alﬁh&agﬁ these
rocks are commonly sccepted as being different in age. The
Tndex district lies s slight disbtance to the south of the Honte
gristo sves and it is possible that the geology of the two dis-
triete 18 quite similav., Tn thin section, the grenitie rooks
nsar Tndex show & mavked similerity to the tonelite of Nonte
Gristo, In partieuler the assemblage of acceasory minerels
indicstes & rolationship, *

Altogether, ths pleture is that of en svea of sedimentary
rogiks covered by laves and later granitized. Tt 1s the guthorts
belief that this igneous rock was formed by & reylaeam@nt o Jel
cess pather than from o hot intrusive melt, Thia would indicate
that the district is neer the periphery of an intrusive mass
rether than neayr 1ts cora, éhs 1gneous roeks in the heart of
the batholith in thils sves show definlbe evidense of orkhomag-
matic origin, but most of the loeal tonalite shows signs of

being metemorshis in origin.



GRE DEFOBITS
gensrel Ueclogy ,

“he ope deposits of this distriot ere slmost exelusively
in sulphide velus, fThesse veins mey be slong joint planes, slong
badding plenes, or slon: t'e contmet netwesn the intrusive ig-
neous roek mnd the country roek. Ae ®» yule, they weather to sive
&« very proncunced red surface, presenting en appesrance that not
even &n unskilled prospector eould miss. The ore ainersls are
pyrite, sraspopyrite, chaleopyrite, with goarte end ecalelite as
gangue minerals. The mejority of the velins, whleh spparently
sre not fliesurs velns, vcky:in strike bebwesn ¥, 10° w, end | M_;wrmt“
M ?0° Tsy as & rule, they follow the Jjointing in the sres, .
ghile the 4lp renges betwesn 66% apd verticsls 7he velins are
frequently enriched whers other jolnt planes, or frasctures,
erose them, Home o the rischer velns are 8 fest in widith, They
were mined Tor thelr values In gold end silver. The gold is
earriesd in solutlon by the ersenopyrite snd the silver ie care
visd in sll of the sulphides, slthough probably wmost of it is in
the sraenopyrite. W¥hersver the velns weather, ithey leave s zone
somparat ively richer in zold end eonsidersbly richer in sllver;
thers 1z no sppsrent sone of sesondary enrichuent, The zajor
mines arey the ¥onte Uriste ¥ine, the Justice, the Ealny, the
Torttwont Consolidated, ths Seventy=-six, the 0. snd B, and the
veden Cresk Hines, Almest all of these sre sccesaible dipeetly
from the town of Sonte Oristo, 4% one time, thers were railrosd
spurs whieh led Go all the me jor mines; today thees hwve washad
sway or deterlovated until they are no longer ugable snd, if



develooment work is golm: to be dons, Utrenscortation facliitles
ave the Cipat items in need »f fmprowsment. The sns aine of the
aven whinh has aperated peasntly, the Wedep Opechk Hine, hwa e
road leading wp %0 1t and wes seeessibls suring most of the
gegsons whap 1t win pelns workaed,

The ors pockets sost commenly seceur as lerge lentiouler
mesges in the velps or frestare sones, The major mineral s
slmost always srsenopyrite snd the minor miperals mey be asny one
af m series of sulghides, These lenses may be se mueh &e 300 feat
in length, 200 feet in widith snd 20 feet inm bresdthi ths normal
ones are much smeller. In the velns many arsas of berren sountry
rock, qu.rhi, end caleite are found, The stralghter the shear
gone the higber the valnes seem to run, The desper one goes inm
ths veln the lower the values seem Lo rung shils gold rsmsine
!ntriy sonntant in unwasthered zones, silver secms te‘dqera§a¢
at depth,

fpeelfie Neponite

yhe Monte Cristo Mime. “his mine ls & sonsolidation of the
ald Bystery Mine snd the Pride of the sounteins Wine. It ls
laented ubnu§ anbﬂnile to Yhe sast of Ponte Cristo slong the
claeler Gpesk trail, The Nystery ¥ime 1les on the three veins
the: @t scross ﬁasktrg #1111 {which iz hetween Lower Qxaczsr
fesin and the Upper Glusler Dasin)s The fpide o7 the Yountaine
¥ine is loceted & guarter of e mile further sast on the far side
of Upper Glseler Besin, The thres mejor velns, upon whieh both
of these mines lle, strike ¥, 78° ¥s snd dlp 78° %, %, On
fysbery H1ll they are located in spdesite and sehist whils on
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the ssat side of Clacier Sasin they ile in tonalite and sndesite,
The ore pinersle sesm to De srsenopyrits, pyrite, chalenpyrite,
galons, sphalerite, reslger end ovplment. The ore wes wined Tor
gold end silver, wmost of whichk 18 held by the srsenopyrite.
Assaye show se much a8 $60,00 per ton in the high grede ore. In
the past these mines profucsd at lesst 500,000 tons of ore with
s tobsl wlus oxceeding 42,000,000, This was ghipped éowé the
pallnasd to the smelter in Tverett whers the 0ld and silver was
extrscted, Then the esplitalists moved out of the ares, the
gnelter wee no longer used. THowever, some later gimm prought
the srsenopyrite ore to Marysvills, where sn srsenle smalter was
pet up. Thet metal was obteined from the ors lor 8 short while
spd vears later the tellinge were re-worked fov thelr gold eon-
tont, The ariginel Yonte Orieto end Hveprett fellvroad ran ibe
aﬁiﬁ gpur to this =ine and when rallwey operstion ended the mine
ceased yroduction. Some serloads of nend=-pleked ore heve been
ghipped since 1608,

strupturally, the veims of this mine sre in very close
contaet with both sndesite end tonslite, This 18 probably s
hydrothermal degosit formed in & central frecture zonej the win=
erplization is typlesl of # deepegeatod deposlt, w leh iz in
spparent eontrast with the conformiby of the vein to the general
gtructurs of the area. The sehist, whieh i found in the Hystery
¥ine, seems to be an inbermediute member between the tonslite and
the sndesite, 3t apperently bas 1ittle to do =l th the minereli-
sotlon. #n interesting festups of ithe minerelizatlion is the
oroximity of the galens end sphalorite %o the surfecs; thelr



sbasence from the deeper worklags, Thils fecht hes been used, by
others, as evidence of a deposlt formed by enrichment by downe

ward Gescending meteoris waters.

The Justise ine, Formerly celled the Golden Cord Wine, it
ig losated on the northwest side of the ¥eedles Peak snd mey be
peashed by the Glecler Cresk treils The mine is gbout threee
quarters of & mile from Honte gristo end the major edit is &t en
elevation of 4,000 feet, iuch early development work was done
on this vein and thres levels were developed. While the rallwey
wes in operation, over 100pOO tons of ore wers produced. It
was concentrated below the tunnel mouths and talken downhill to
e rellwsy spur from where 1t was shipped, The ore minerels are
arsenopyrite, pyrite, and shaloocltes assays from the vein mabte=
rial pun as high as $30.00 per ton, which is lower than the val-
wes in the weathersed suvrface zones, Total developuent includes
over 3,000 feet of underground tuannels; the mine was worked
after the rallwsy was shub downe

Structurelly, this vein is in senformity with the msjor
jointing of the district gnd it 1s poseibls thet it swings
around %o become one with the veins upon which the Honte COristo
Mine is located. I% ia narrower then many of the other velns,
but conteins & higher concentration of sulphides. While most
of the apparent ore has been ramoved 1%t 18 possible that there
are large sreas of bonenga qualiby in this joint szone. One of
the more atriking minsralogical features 14 the large guentity
of realgar snd orpiment assoolabed with comb quariz. This

indieates abt least one era of {illing snd thet minewalogioal
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sgsociation is morve of a surfece than of & desp-seated deposit.

The veln is almost exolusively in andesites bub fregments of

tonalite snd replacement breccias are found in the tunnels and
in the dump, Development of this propsrty wight prove the
pregence of other ore shoots,

The Rainy ¥ine, This vein is located sbout one-quarter of

a mile northesst of Honte Cristo along the Glecler Basin trail,
As it was the most easily sccessible of the mejor depcsits, it
wes readily developed. Over 20,000 tons of ore were mined
from a single major ore body; the vein itself waz sbout 5 feet
wide, Strike of the vein is N, 10 K., the dip is almost ver=
tiesl. ﬁalike %h@ two preceding veins, which aeré in andesite,
this deposit is surrounded by schist, bub tonslite is found
nearbviy, | ,

Strueburally, the depoalt a@ams to be in a alégrly‘miaeral~
ized fracture zone. The ore minerals were arsencpyrite and |
pyrites the high grade ssssyed as much s £50,00 per ton. Une-
fortunately, the mine wovkings were mede low, near the valley
floor, and surface waters sontinually flooded them. The lsrge
amount of snow in winter alsc mede this unworkeble and when the
railway wes sbgndoned the insvellability csused the mine %o
close down, Considerable development would have to be done
to rehebilitate theaa’wa?kingg.

Hopthwest Consolidated line., The vein 1s located on the

weat side of Weden Creek at an elevation of about 4,000 feet,
The vein runs elong jolnt plenes both in conformity and et

pight engles to the major jointing. Gertain intersections
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besr messlve salphides thet are rich in gold but conparatively
poor in silver. 7This mline bas never had sceenslibility vis
pallrosd; in the past the ore was concentysted on the spot end
the sonsentrate wss oarried down to the rallrosd Ly burro.
mm“diy mope then 80,000 tons of orse were mined. 7he relaw
tionship to the esuntpy rosk ls different than sny of the other
mines) 1t cuts thvough the early sedimentary forsations of the
distriet. There sre seotlons of tonalite ard of brecclss %o be
found in the tuanelj it is very olese %o the contaset between the
god imentary rooks and & large tonalite dike. ¥inerslization i
unigue; pyrrhotite i the major minersl with large guantities
of cheleopyrite present, while arsenopyribe, pyrite, and guarts
are also found, There are pockets of almost pure sulphides that
sre very richs Should e rosd be put through Weden Pess, % the
south, thie mine imw veeome & dlstinet economiec poessibility.

Seventy-six ¥ine, The mine ls located on the sast side of
seventy~sixz Culeh et sn slevetlon of 4,800 feet about one mile
to the south of Yomte Cristo, The veln was the first to be dle~
sovered in the ares end surfece minsrelisation seems to indleate
¢ very rieh ore deposit. WHowever, development work, whieh son-
siete of two adibe, Tss never encountered any rieh sone, The
sineralizetion 1 ersenopyrite, chaleopyrite, pelens, and
barnite.

atpusturally, this is perhaps Ths moat interesting of the
velng; 1t eute through the massive side of Filmon Peak striking
N, 00° ¥, and dipping 7% to the Be ¥. The vein smy De seen
eutting up the side of the sountaln until it diseppesre a -der the
permanent ice snd snow, Although not verified, 1t ie guite
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poasivle that thie is the same weln that comss out go the
Golden Cord valn on the north side of “ilmon Peak, It 15 8
wall=mineralized fracture sons showing every indlgstion of deepe
soated origin. The veln iteels lles in spdesibor bub the float
on the dump end specimens Sehen fros the tunnsls chow thet the
tonalite oute the veln snd tret many rveplecement breccias spe
present. Surface aseaye thow spob values of {50.00 per %on in
gold and ellver. If the area as & whole wers developed thie
mine wonld slmost certalnly be worked,

De 803 O, Hine, Iloeetsd sbout half s mile te the south
wost of Yonte Cristo &t en slovation of 4,500 feat, the veln 1s
found on the north elope of Silwer Tip Peaks It 18 sssentially
g wide frecture zone in the antesite whish strlkes ¥, 30° %f. and
aips 68° au Fe ®¥hile losated in the andeslts, many spooimany
teken from the veln are ldantiocsl with the tonulite. &s might
be sspeeted, the ore Yodies sre lentleuler in shape and gensrelly
are ratmér small, with the prineipsl sinerales: ohaleopyrite,
srsenopyrite, end pyrite. 7The ore, on the surfmce, assays up to
(38,00 per ton, Thare has been considerabls development work
done along this freseture ,ons but no large ore bodies have Leen
encount ersd, Frodustion has consleted slmost entirely of cars
losde of hand-sorted ore, While farther development ‘my dise
cover s large workeble depoesit present indlosztions sre not
fovorable, Pith developrent of the ares a» & whols, further
exploration would certeinly be done along these workings.

Weden Cre e ¥ine, This mine is located on the east slde of
weden Croek atout Melf & mile from the rosd and about two miles
west of Yonte Cristo, It 1s in the shemr zone in ths ultra-
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wasie dike whieh oute the :s&&mnatnry rocke, Appsrently, the
sineralization sons is on the hangins walle The mak, in whleh
the ore sulphides sre 1a¢;taé, pcuuu to be almost aa&ir#ly~uor*
pentine, ‘ﬂrc»uintralntura'ahulaapyritag pyrite, ealelites,
pyrrhotite, and posaibly ﬁkﬂtl&ﬁd&%s} nithﬂugb gxaet velues sre
neY kﬁaﬂn, Eﬁe minn sap operated for gﬂlﬂ, ailvvv and coppare
The seppontine has azﬁuraé ta tale on the surfess, The mine
tteelf consists ﬁf twn edibe afavun‘intn the nnvpeatins roak
elose to the eontsed szsn the tﬁdimantt. ering ﬁns resent war
this mine had a vona,bmllﬁ@aﬁa from the hiphesy up ka i1t this
road, whieh is the gant r#eﬂat Guvvlapugnt in the aves, cubs off
from the highway to Nonbe Uristo Just sfber wedan Cresk enters
tku”&aak,ﬁavcr. xﬁ runﬁ'féoﬁ an elevation of £,000 Feat %o
3,500 foats

fisrugburally, se woll ae ninarnlag&euily, thﬁ deposit is
saite 4;£ftytn! than any of the othars. The voln striks is
e 68° W, snd the dip sbout 88° to the W. By It ia in olose
proximity to the bnﬁalt and %hnae is o &iasiaot prehtbzlitr that
this dike Lt the eonduit for the maberisls that saupouo the
vesnlt lava. This is apperently sonfirmed By the concentrates
af similsr sulphides at she Bass of ths basslt tlﬁ! end th'
similarity of elavin&a and pyroxenas, Some &qvnlagunnt work on
this mine snd the ares nearby sizht turn 1% iatu (1 ﬁ?ﬂflﬁlk}!

workingea
theory of Upe Deposition
The majority of welns sre losated slong the joint plenes of
the peglon, frequently in clowe proximity to the intrusive
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tonalite, end the average strike is ebout that of the jJointing.
The best velns sre those in Glacier Basin, In ﬁavéﬁtgnsix Guleh,
and those on the north side of Silver Tip Peek. These velns are
all found in the endesite, but there ere slso veins in the godle
mentary rocks, along tonalite contacts, and along sehist con-
taets, Although many veins show signs of frecturing, the smount
of movement in rmost cases was slight. The only clearly defined
gshesr zone is that of the ultrabasic dike.

¥hile meny of the veins are in the endesite series, in
every agsa exsmined by the suthor, tonslite float was found on
the dump end in many csses the inside of the workings ghowed
granitic rocka. Thﬁr& were 2180 8 lerge number of andesite
breccias which were ﬁ@t‘fa?@aﬁ by normel fracturing. Thin sec-
tlons of both of these types of rock indicate that they are of
_replacement origin, In those velns that out through the schist,
replacement zones were likewise apparent, however, the eontact
between the schist snd the tonalite is normelly quite sherp,

The mineralogy of the velns is varied; quartz snd arseno=
pyrite are almost aslways the first minerals, followed by pyrite,
chalcopyrite, sphalerite, galens, bornite, quartsz, realger,
caleite, and arpimént, with the last four named minerals always
secondary in neture. A ssfiea of péiiahe& ssctions made of the
ore samples showed ﬁﬁaﬁ & typioal peragenesis would follow the
gbove cutline, 7Tn scme Cases pyrrhotite is present and when
found it is ususlly the first mineral. The minsrelogical
associabtlon is falrly typleel of s deep-seated sulphide vein
end the ore minerals fregquently ocour together in large lentlec-

uler bodies,
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The minerslized sones extend {rom the valley floors up to
the arests of the mountalnous ridges) there seems to Lo no
 desrease mkamnt' of a'axpméa waterial deposibtied st .gvui
. height. This fuet bes been used ae svidence that the velns
saat heve besn Tormed Ly downward deseanding meteorlo waters;
sertaluly the nalgc:-; or;zwh, suleite endé lste quarbz were
slearly deposited by meteorie waters, probebly fillisg in ceve
itlee csused by resturlngs The sza-fwi ores sre richer in c0ld
and #ilver than these st depths While the ailéoz-' secnms to have
been .:a'i'mitaly enriched, the gold veluss Yeve lonoreased sisply
beesunae much o the surrounding meterial wad removed by westhe
eringe Thers seems Lo Le no gons of secondary sulphlde snriehs
mante

Some of the we deposition hae teken plase through the
sction of descending webters. 4t 1s the suthor'e oplnion thet
the majority of deposition took place ivom hot ascendling sulphlde
solutions which sey well heve hed & megmetic body or residuum
&s thelr souwres, In the hydrotherme]l sonsl elassificatien these
veins would pmhahlra be considersd ms Hypothermal Deposita, The
structure supporbte mu theory, the minerslizstion is f{avorsble
and thin sectlon snelysie shows thet the minerslisation is e
replscoment rather than & F1lling phepimens. In favor of this
theory is the groet elevetlon te whioh some of the ore deposits
apre foundj Af descending weters had done the deposition, thess
ore bodles shoald serteinly have been westherad by now. The
presense of arsepspyrite snd pyrrhotite in the ores 1s typlesl
of & hypothermal deposit and kkm faat that they lncreanse in
guentity s ona goes down in depth would seem Go Favor thiile
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ment of the country rock hy'hyérathﬁnmal solutions; likewige,
the ore depoalts have been formed by hydrothermal replacement
of the country rock, It iz the belief of the author thet these
are both phasas of a single conbtinuous process of replscement by
hot ascending msgmstic solutiona, If so, the genersl geologile
history of the ares would necessarily follow that previously
outlined until the late Plicecens uplift, Ab thet time the many
joint oracks of the area were undoubtedly formed. With the

development of these planes of weakness residuasl magmetie solu-

tiona were mble to work their way up to the surfece., ¥hile so
doing, ﬁh@?zﬁinaralizaé the fracture zones and the ore deposits
were formed.

There are many good prospects in the region which 1aak
sccessibility but which may become ssonomically feaslble once
the district has opened up. Wew rosd work is being done at the
present time and better trensportation fecilities may enable
some of the older mines to reopen. I1f theae mines coue into
production, the way will be open for development of the entire

araa,
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Thin Sections, Schist Plate XI

The schist is from the south side of Goney Peak,
The rosk is probably devived from sedimentary rocks.
it shows exeellent, minute folds in the upper left of
the photogreph.



Thin Sections plate
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Taken iu plane light, the many small erystals of epl-
dote stend oubt all over the thin section due to their high
relief. The crystals are both isolated and in elusters;
epidote is common in the metamorphic rocks neer the edge
of the intrusive tonalite, This particular rooks ssetion
ig from Gleseler Falls,
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Thin Ssetions, Porphyrcblasts Plate XIII

~In the center of this photomicrograph is a large,
steiated crystal which shows a central zone of kaeolinitie
material, This would seem to Iindicate s porphyroblastic
growth of the feldspay around this core. Throughout the
tonalites thip feature is observed., This rock is 2 ton-
alite from upper Clacier busine
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Thin Sectiona, Porphyroblasts plate XIV

The inclplent pgrowth of plagloclass Paldapar orystals

mey be seen ig this mh@tamiersgragh. The rock 1s an ande-
alte Teom Silver Tip Pesk. The porphyroblests are nol visl-
ble to the naked eye in the hand specimen,
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Thin Secbions, Touailve Plule XV

in tihe upver left-hend corner of the phetomlerograph
i3 a lerge, zoned plegioclase crystal which haa an inner
sone of ollgoclase and &n onter mone of labradorite. it
also contalins incluslons of sepicitic materisl., Thils sccms
to indlicate & metemorphle origlin. mhe tonslite is from
the dike on the west side of Teden Cresek.
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Ttz is the same thin saction 88 in tha preceding
plete, but ia this phoboe omierograph the nleols are erossed.
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