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Abstract

T'he. Wheaton River district encompasses sullbide beating quatty vems ol thiee basi
vpes: stibnite- bearing, galena-bearing, and arsenopyrite-bearing. The vems are distnibuted
over a wide arca in southwestern Yukon and are hosted i several dilferent tock tvpes i a
geologically compley arca. Regional geology s donunated by the ( «~.1\1 Plutenic Compley the
Intermontance Belt, and Yukon Crystalline Terrane The vens were deposited inominor faplis
and fractures whose walls show variable degrees of alteration. Temporal relanonships i
unclear due to a lack of datable vein matenial and the absence of cross cuttmg ~elnnonships
among the veins.

All vein tvpes exhibit relatively simple depositional sequences, usually consisting o
one or, al most, two periods of sulfide min?mli/alion, During any depositional episode, the
sulfides were alwavs deposited sequentially as evidenced by replacement®amd infilling textures.

Fluid inclusions occur as three broad tvpes: I H,O-NaCl, 1. H.O-CO,-NaCl, and
i, CO.. Fluid inclusions in stibrdte-bearing veins g.ivc homogenization temperatures of
=200°C. while those in galcn!bcaring veins give homogenization temperatures of 225 311°C.
Salinities for both types of veins average around 4.0 wt.% eq. NaCl. CO; cffervescencc may
, have‘occurred in the stibnit‘e-bearing veins as evidenced by adjacent primary CO, and
‘H,O-NaCl inclusions. Inclusions in one galena-bearing vein exhibit critical behavior suggesting
near solvus gonditions. Effervescence of CO, in these two types of veins may mean that
effervescence was the mechanism which initiated sulfide precipitation. Pressure estimates
based on fluid inclusion data are in the range 500 to 1500 bars suggesting possible circulation

L)
depths of over Skm.

Oxygen isotope analyses give values which are enriched relative to SMOW. When these
values are combined with fluid inclusion, homogénization temperature data, parent fluid 'O
values of 2.2 to 5.7%, are obtained for most showings. Fluid §'*O values for two showing.s of
galena-bearing veins fall below this range. A few values mostly derived f rorﬁ chalcedony or

f ine-grained quartz are highly depleted relative to the principal veins. These three groups of

5'*O data can be explained by several mechanisms, but 6D qita are required to give a better
. [



.

ccdnc s oo as toowinch mechanisim s most plausible.

W all evidence (nnneratogy - petrology, fluid inclusion . and isotopes) s constdered,

onlv o ostem (o sustems) ol some complenity could account for such vatable data. As no

Sy ot are avalable, it s possible to speculate that any of the three pnnapal types ol

/
~
maat Waters Cimagmatic, metamorphie and meteoric) served as the primary source ol the

pooend Huds for any of the sultide - bearing veins. Vanous mechanismes, such as ming of

fhads . Thnd immiscibiling and later oserpiinting, are possible explanations for the 870

)

content of the parent fhads.
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I INTRODUCTION

A T ocation and Access

The Wheaton River distiict s sinnated i southeentral Yuhon Teriton approvmateh
S conth of Whitchorse, (N TS Map Sheet 105 1) The distict encompasses an atea
fouyhiv ok by Tk from the "By Bend ™ of the Wheaton River along ats valtley
conthweoward toward s headwaters The atea s bounded by g rectangle defined by the 134
SOW i 1A 30°W Times of longude and the 607 08N and 607 23N lines of lautude

n JUSS . access was gquite good duc to improvements made 1o Annie Lake Road and 1ty
Cvension mte the Wheaton Valley - This v a o wide gravel toad that mtensects (:.‘ilkl().\.\ Road
arprovimateh Ak south of Whitchorse  The improvements were made to facHitate tavel 1o
and Trom the MU Shohu pold properiy - which has sinee gone into production . By
rd summer the condinon of the toad was such that two wheel dove vehicles could traverse
i length o A four wheel dnive vehidle was necessany o reach individual properties, Over the

|

contse ol The summer vanous companies wotking m the valley opened roads, if no passable
road alicady casted . 1o all ot the pninapal mxm‘ml‘_\howmg.\ in the arca so that 1t was
possible to pet to all of these properties by vehicde  In some cases this meant being able to

drive night to the showimgin most mstances however a hike of some distance was required.

B. Physiography

The Wheaton District 1s situated near the junction of two of the principal
phyvaiographic regions of the northern Cordillera. These regions arc the Yukon Plateau and the
Coast Ranges. The platcau is a mature erosion surface of probable Miocene age exhibiting
httle rehef (Tempelman-Kluit, 1980). The rugged Coast Ranges took shape during the
differential uplift of various parts of this erosion surface in late Miocene or Pliocene and the

subsequent rapid erosion of the rising landscape. In the Wheaton, asga the Plateau’s erosion

surface is abundantly evident in the gently rolling upland terrain, which forms the summits of

all the major peaks of the valley, except Mt. Skukum. The jagged outline of the Coast Ranges



v teadihy vistble immiediatels southwest of Carbon Hill
.

The Wheaton River Valley tiself and ats manor tobutany ereek valless have been deeplhy
imcised 1to the anaent crosion surface Avetage rehiel from the valley bottom to the upland
surface 1s approammateh 690 The master valley and tnbutary vablicys all exhubit U shaped
Cross sections as a result of Plestocene glaciation Mimor streams have cut deep Voshaped

N - b
channels 1 a few places, ¢ Carbon Hilt, M Folle apd Tdaho Hill, and m some cases have
cut down mto bedrock . Talus cover on the mountam slopes is quite extensive which means
that outcrop. other than that i the above mentoned stream channels, s fnnited to that area
between the upper level ol rubble accumulation and the mountam summits - The upland
surface 1s eatensively weathered and covered somewhat variably by vegetanon thus predudimg

the hikelthood of finding fresh exposures on the mountain tops.

(. Exploration History

Frank Corwin and Thomas Rickman staked the first claims in the valley in 1843,
concentrating maimly on Idaho Hill, Carbon Hill and Chicftain Hill. Although their discoveries
sparked great interest in the region, this led toittle activity because both men died before
cither could return to the valley or reveal the claim locations. Not unul a staking rush caused
bv the discovery of native goid in a vein on Gold Hill in the surﬁmer of 19/()() was there g recal
resurgence of ~xploration in the valley. By the end of that summer all of the principal mineral
showings of the valley had been located or. as in the case of some. relocated. It was this rush
that led the Geological Survey of Canada to send D. D. Cairnes (1912 and 1916) to map the
Wheaton District and determine its geology. Since ihat time, prospecting and cvaluation
activities, using increasingly modern methods as they becamc available, have been carried out
sporadically.

Only two properties are known to have shipped ore prior 1o 1985, namciy the Union
Mines claims on ldaho Hill and the Tally-Ho claims on Tally-Ho Hill. In each case the ores
were a limited number of hand-picked loads. The Union Mines ores were shipped because of

their high silver values and the Tally-Ho ores because of their gold content. The lack of

o



production i the valley as @ whole was no doubt due i large part 1o the extreme variabihity
ol mctal vialues within the vemns, which 1N the rule in the district While spectacular assays of
ap o eSS Sp/1 Ag and 67 5¢/T Au are known, they invanably come from ore shoots which
ate verny himted moevtent within the veins (Cockfreld and Bell, 1944).

"\ w\m]d’pvxmd of relanvely intense exploration activity occurred i the nud - 1960"s
.1!1\1{\-011||H wed mto the carly 1970°s . At that time. Silver Pack Mines on Tallv-Ho Hill, Yukon
Antmony Cotporation on Carbon Hill and Conunco Lid. on Idaho Hill carried out extensive
cvaluanion programs. Predictably, imterest waned when these programs failed to delineate new
depostts o1 sufficient reseryes to warrant mining. The discovery of a totally new and
unsuspecied gold showing on Mt Skukum b AGIP Canada n 1980 again drew attenuon 1o
the atca The showing . which is apparenty epithermal in nature, consists of @ number of
quartz-carbonate vemns hosted in the Sk uk‘um Volcanic Complex. The largest of these veins is
of particular_interest because of the presence of mucroscopic particles of electrum disseminated
throughout the vein with little or no associated sulﬁa‘ies‘ The absence of sulfides was generally
behieved 1o be quite rare in epithermal deposits (Berger and Eimon, 1982; Hayba et al., 19%5),
however. this may have been an example of circular reasoning, i.e. only sulfide-bearing veins
produced gold, therefore only sulfide-bearing veins were extensively explored for gold. If this
was the case, it seems probable that many potentially significant deposits were ignored as
ostensibly barren veins were discoumcad as being likely exploration targets. The Skukum
deposit went into production in 1986 with proven reserves in the "Main Zone' of 148,980
tonnes at grades of 24.98 g/T Au and 20.5j/T Ag (McDonald, 1986). The presence of a
probable gold producer in the vicinity touched off a flurry of actjvity that continues to the
present. In the summer of 1985, upwards of fourteen companies were working or'had at least
staked claims in the area. As a result of this activity it appears that the Mt. Reid property

controlled by Omni Resources may well begin producing gold in the near future.



D). Purpose of Study

Despite the long history of the Wheaton River l)i#lni;‘l_ no truly regional stadv of the
various veins was made other than Cairnes’ c;ualow of mineral showings and attendant
classif'ving ol veins on the basis of potentially extractable metals. The current work s ;\{f
attempt to provide a regional synthesis of veins in (ht: district by using fluid inclusions and
stable isotopes in order to indicate possibic gen®tic r‘;lalionships among them. In doing this the

author hopes 1o provide a model which will facilitate exploration not only in the Wheaton

River Vallev but in other, similar arcas as well.

e



1. REGIONAL GFOLOGY

AL cct()nif Assemblage

In addition 1o being near the border of two physiographic rcgi‘()ns‘ the Wheaton River
Valley also straddles the boundary between two majmﬂlcclonic elements of the Cordillera. the
Coast Plutonic Complex and the Intermontance Belt (Fig. 1). The Coast Plutonic Complex is
umsldvr.cd by Monger er al.. (1982) to represent the juncfl‘ur(‘ ol two, composite
| allochthonous terranes which were acereted to the ancient North American margin from
mid- Jurassic to carly Tertiary. The first terrane was emplaced by late Jurassic to carly
Cretaccous; 1ts join with the North American craton is represented by the Omineca Crystalline
Belt,

[4
B. Coast Plutonic Complex

The Coast Plutonic Complex began forming in Cretaceous time in responsc to forces
associated with the accretion of the second. composite, allochthonous terrane and was
essentially complete by carly Tertiary (Tempelman-Kluit, 1979). The Coast Plulonic Complex
is made up of predominately felsic intrusive rocks of granodioritic. dioritic and granitic <
compositions (Fig. 2). In the Wheaton River Valley, the Coast Plutonic Complex is
represented by biotite-hornblende quartz diorite on Mt. Wheaton, Mt. Stevens, Tally-Ho Hill,
Gold Hill and Mt. Anders‘(')n (Fig. 3). Hornblende -biotite-oligoclase granodiorite of the Coz;st

Plutonic Complex makes up the bulk of Carbon Hill and Mt. Ward; and a smali portion of

the east face of Chieftain Hill (Wheeler, 1961).

W
C. Intermontane Belt

Whitehorse Trough
The Intermontane Be't in Yukon is composed of two terranes, Whitchorse Trough and

Yukon Crystalline Terrane (rig. 1). Whitehorse Trough incorporates four straligraphig‘ linits

e ——
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m southern Yukon: Cache Creek Group, 1ewes River Group, Laberge Group and Tantalus
Formation. The Cache Creek Group consists of a series of basallg_ cherts and carbonates of
Missisaippran 1o Triassic z;g(‘_ which have been subjected to high pressure metamorphisn
tesntung locally in the production of blueschist facies rocks (Tempelman-Kluit, 1981).
Niyl.myc lextuIe 15 4 common ('(/-alurc of the Cache Creeh Group. These rocks are believed by
Monger ef al.. {1982). o represent a slice of occanic crust which has been strongly
metamorphosed 10 a subducuon zone. The Lewes River Group s a thick(=3050m) sequence of
mterbedded sedimentary and volcanic rocks of Late Triassic age which overlies the Cache
Creeh Group (Wheeler, 1961). The sedimentary units of the Lewes River Group are
siltstones, grgillites, carbonates and conglomerates. Volcanics range ftom basalt 10 andcsite, in
addition 10 associated andesitic voleaniclastics. In addition there are tocks which can be
cowsidered l.ransilional between the sediments and volcanics, i.e. graywackes and
conglomerates with high proportions of voicanic fragments of varving size. Various
greenschists and greenstone units near the boundary zone with the Coast Plutonic Complex are
considered to be metamorphic equivalents of the Lewes River Group (Tempelman-Kluit,
1981). The Laberge Gro&up is a sedimentary unit, almost as thick as the Lewes River Group,
which is comprised of clastics derived from lhis: latter group. Tempelman-Kluit(1976)
considers Wheeler's (1961) ‘criteria for separating the two on the basis of thve position of a
particular limestone bed to be unreliable. Since they appear to grade into one another laterally
in some arcas, Tempelman-Kluit believes that the two units represent a single, near-shore
sedimentary sequence. Conglomerates and sandstones of early to middle Jurassic age dominate
the Laberge Group. The Tantalus Formation ‘is a 760m thick sedimentary unit of late Jurassic
to early Cretaceous age, which u1nconf ormably overlies l\he Laberg\e Group. It includes

. - A
arkoses, siltstones, argillites and minor coal beds, but its most easily recognisable unit is a
chert pebble conglomerate whose clasts are probably derived from the Cache Creek Group
{Wheeler, 1961). Taken together these four units are believed to represent the remnants of an

“ancient fore-arc basin, whil€ the Coast Plutonic Complex represents the reactivated roots of

that arc(Monger, et al, 1982; Tempelman-Kluit, 1979).



Of the four units mentioned above, only the Cache Cregck Group is not present in the
Wheaton River valley. Outcrops of Lewes River Group greenschists occur on MU Stevens,
Tally -Ho Hill. Dickson Hill and Gold Hill, with minor exposures of carbonale and carbonate
breecia on 'l‘aﬁy»Ho and GBId Hills (Fig. 3). The Laberge Group is restricted to the cluster of
peaks in the northeastern part of the area which includes Mt. Folle’, ldaho Hill and Mt
Perkins. /;\ ;)ughly triangular bf)dy' of the Tantalus Formation occurs on Mt. Folle”, Mt. Bush
and Idaho Hill. There are also two very limited exposfires of the Tantalus Formatipn on
Carbon Hill which is the extent of this formation in the valley.

" Yukoun Crystalline Terrane

A number of small outcrops of schistose and gocissosc rocks are found on-Mt.
Anderson and Carbon Hill, with a body of metamorphic rocks of considerabie extent
ocgurring west of Mt. Skukum. These rocks were formerly referred to as part of the Yukon
Group; however, this term was defined so loosely initially and’used so indiscriminately since )
that further use has been discouraged( Tempelman-Kluit, 1976). The rocks are now considered
to be part of the Yuk(.)n%rystalline Terrane, a.lectonic element which includes a number of
metamorphic units that had various names in{the past, e.g. Pelly Gneiss, Klondike Schist and
Nasina Quartzite. The terrane is comprised of at least four units, biotite schist, marble,
graphitic quartzite and amphibolite, all of unknown agc.t. They are genérally believed to be'at o
least Paleozoic in age, with the possibility that the sediments were originally deposited in
Precambrian time. Radiometric dating of these rocks indicates at least six thermal events
'beginninﬁississippian time and continuing through early Tertiary (Tempelman-Kluit and
Wanless, 1975; Wilson et al., 1985). The relationship of the Yukon Crystalline Terrane rocks
to the Whitehorse Trough rocks is unclear, though the volcanic roots of the Lewes River
Group are known to intrude the Yukon Crystalline Terrane metamorphics. There is
speculation that the Whitehorse Trough sediments may have beerr depositédon the Yukon

Crystalline Terrane rocks, but this is by no means certain, due to the fact that their field

relations have been obscured by faulting and erosion (Tempelman-](hiit, 1981).
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D). Volcanic Units

Skukum Group
Other than unconsolidated Quaternary material on the valley floors, only two other

“geologic units are found‘in the Wheat®n River valley. Both units are composed primarily of
volcanics. volcaniclastics and volcanic derived sediments. The first is the Skukum Group
which makes up the Skukum Volcanic (Iomplcx_ a Tertiary volcanic center, in the
northwestern part of the district that contains rocks of andesitic to rhyolitic composition
(Pride, 1986). The complex is com—posed of \Zariou\s tuffs, agglomerates and fiows, as well as
minor water-lain beds, which have all beecn heavily faulted. The Skukum Volcanics

l unconformably overlie rocks of the Coast Plutonic Complex and Yukon Crystalline Tcrranc"
In addition to Mt. Skukum, the Skukum Group Volcanics are found on Vesuvius Hill, Gold
Hill, Chieftain Hill and Mt. Reid. A number of small discordant rhyolite plutons present on
Mt. Skukum, as well as Carbon Hill, Mt. Anderson, Mt. Folle’ ahd Gold Hill have bech
correlated with the Skukum Group Volcanics (Smith, 1983). The ro.cks of the Bennctg lake
Cauldron Complex, approximately 25km south of Mt Skukum are similar in age and are also

considered to be parl of the Squum Group, which is in turn part of the Sloko Volcamc

”Provmce of the northem Cordillera (Pride, 1986).

Mesozoic Volcanics

o - 3

A second volcanic unit, formed in large part by mafic flows and breccias, is found in
outcrop on Mt. Stevens, Mt.-Wheaton, Mt. Bush and Ml. Perkins. It haQ"no formal name,
being most often referred to as simply "the Meso;oic volcanics”. Its relationship to other
units is unclcar, although some writers feel that it may be part of the Lewes River Gfoup.
others consider it to be part of the Hutshi or-Mt Nanseh Groups of volcanics (Cockfield and
Bell, 1944; Wheeler, 1961; Tempelman-Kluit, 1981). Grond et al., (1984) have assigned a late

. , »
Cretaceous age to the Hutshi and Mt. Nansen Groups.
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k. Regional Structural Trends

As can be scen from the accompanying geologic map the major tectonic clcmc:]‘l.fol‘
the southern Yukon all trend northwest-southcast. This trend is reflected in the cleavage
traces of the metamorphic rocks of the Lewes River Group and Yukon Crystalline Terrane as
well as the fold axes of these rocks. This trend is one piece of evidence which led Monger of
al., (1979) to conclude that allochthonous terranes have accreted 1o the North Amernican
craton from the southwest over time. Fa is of iimilcd extent are found in a number of places
in the valley but as of this writing no major throughgoing fracture has been discovered in the
immediate vicinity. These minor faults may scrve to separate one geologic unit from another

or they may be wholly within a single unit. They often serve as the hosts for the mineralized

veins, which are the subject of this study.

,i



P NMINERAD OCCURRENCES

A Introduction
NMinctal \hm\\my\ occut on nearl all of the magor peaks which form the valley walls,
v T Rabho HOE MU Folle Mt Whaaton o Tatly Ho Hidl My Stevens, Inckson Hall,
Coold 100 AL Anderson, Catbon Hill, Mo Rerd and Chiretran Bl (g 4) The showings
Comrant of sullide heating quaitz vens wincho e the past (Cannes 1917 were cateronzed
<enph on the basis of the metals of pamany coenome nterest contaned vogach The v
Db whpch this caterotpation pave tise 1o ate pold sthver s silver lcad and antrmony silver
Fhe vcens are hosted by graniie tocks of the Coast Platome Complen by Fewes River Griioup
] mcamoiphics. by Laberye Group sediments and by Mesozon volcantes of undetermuned
Aty Quarts s ;1\ far the domimant ganpuce mineral i all of these verns with calate and,
veny narch s batie bang onhy tocally mmportant M(‘ldllu mimcrals mclude . pyite, galena,
Chbinte . drsenopytite, sphaleniie, and pyirhotte among others Tellundes and native gold have
t%xm tepotted from vanous showings. however . none were seen dupng the course of this
<tudy  The vatous nunetal showings throuehout the distnia h(iﬂ?gwcn many different
. .
fames over the vears as new companmes o imdnviduaals became mlc.f’c;lcd in them. In the

descripuions of speaific showings, | have attempled 1o use those names which were in broadest

use amony thosg wotking the valley m 1985,
B. Stibnite-bearing Veins )

Y ukon Antimony

The three major properties on Carbon Hill are Yukon Antimony(Becker-Cochran) on
the cast side of the hill at the head of a deeply incised tributary of Becker Creek. Porter
c!é’l;xlis on the west face above Antimony Creek a.nd Goddell's claim on the north face from an

S clevation of 1250m to 1480m. The Yukon Antimony consists of stibnite bearing vein material

<1n a shear zone. Abundant evidence of surface workings is present over a large area; however,

o 13
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iuion could be gamned Trom them
¢

¢ arte stil open The shear 7one 1s not

Al old trenches have slumped 1o the pomt that nonto

O the other hand o one mayor adit and one mimon

~
cvident on surbace bat previous worhers(HTTands S 1900) 1eport that on stipping 1t was tound

Toentond 305mowith an averape width of about 2 Im The stithe of the sheat s 1307 with a
weep scnthwesterh dip o penerallh excecding 68 The zone appeats 1o be related 104 large
ol ke which serves as the footwall throughout s length The hanging wall hithology
Cenres cormaderably with thvolite . Tantatlus conglometate and andesite beng reported The
(e obite and andesite are part of the unnamed Mesozorc volcame umit The dike s tvprealh
veccmted and altered adpacent 1o the shear Altcration consists of carbonatization of
feidspars . minor scenatzattion and extensive \lllullmlmnQ\mughmu. ¢ven thyvohte that
Appeas telativels fresh s heavihy sthated  The matenal within the shear s primanthy gouge
which i heht prav i color and verny stichy to the tounch. Mincralization s discontinuous

cotnisting of masstve potds and stnngets of matenal of vaiving proportions of sulfides and

ganpue Presumably the volcames and sediments . which host the shear, exist as a pendant 1o

the Ruby Range granodiwonite, which comprises the bulk of Carbon Hilll whether the shear

penctrates downward into the granodionie 1s unknown,

Porter Claims

The Porter claims are marked by an adit at about the 1600m level on the west face of

Carbon Hill. Since all surface trenching had slumped long ago this adit functions as the only

access 1o muineralization. The showing consists of a stibnite-bearing quartz vein hosted in |

Ruby Range granodiorite. The tunnel cuts a series of minor subparallel(strike =113) shears of

vanable dip. These shears, the widest of which does not exceed 0.75m, are characterized by
hght gray clavey gouge. Three crosscuts. two only minor, have been made at intervals along
the main tunnel, cach of which appears to follow a shear. A small, barren quartz vein is
present in the first crosscut. The third and by far largest crosscut contains the only showing
of stibnite in the workings. The showing, =3m long, is an 8-10cm wide vein of massive

Nen
stibnite and quartz that appears to be terminated by the shear. The tunnel is cut by two

-

~
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andestte dihes one near the portal, the other at the tar end The stnhe of the first s 0637

dippimg vernically s and the second 1047 dippmg 7Y SW

Goddell's Claims

Goddell's Clamms on the notth face of Carbon Hill were the most pootrhy evposed o
this group of stibmite beating vems . Onlv one small vein, =12em wide was exposed near an
access road cut to several old dnll pads Thiy vemn was hosted 1 heavily altered gr;n‘m\hmnv
Although extensive talus cover prevented further determmation of the geology immediately
adjacent 1o the vein The vem was seen 1o be near the lower contact of the Mesozoe volcanies
with the Ruby Range granodionte In additon, an outcrop assumed to be an exposure of the
vemn was discovered near the sumint of the north face of the hill The exposure apparenthy
has not been noted 1 any of the old biterature. This outerop s neaf the beginming of the
access road mentioned carther and may have been uncovered duning its construction  The host

in this case s an andesite prophvey unit of the Mesozoie voleanics
(. Galena-bearing Veins

Mt. Anderson

Only two significant vein occurrences are present on Mt. Anderson. The first is an
extensive, galena-bearing, massive, quartz vein which was studicd thoroughly by D.R.
Bull(1986). The vein ischosted in Ruby Range granodiorite and is associated for most of its
length with~a basalt dike that runs parallel to it. Extensive gouge exists between the vein and
its host roc}( and also between the dike and the hoél. The strike of the vein is =105" with a dip
of 85" S. The second vein occurrence is found in a lrencﬁ oﬁ the second knoll south of the
north face of Mt. Anderson. Many old trenches exist on tl}e sumpmit, but most have slumped
to an extent that they are useless without major re-excavation; however, in this case the walls
possess sufficient integrity that features are still clear}y discernible. The showing co;s\isl‘s-df.

AN

one main vein(strike 103", dip 48" S) approximatciy 46cm thick, which is composed of fine



gramed quarts with a number of small stimgers that run along the trench wall. The stringers
can be taced for 4m 1o a large mafic pod where they trace its outline (even penctrating its
outer surface) and thence 2m 1o a chalcedom i;nd breceta vein, The host rock inall cases s

heasth weathered granodionte that actezlly coumbles i the Tingers.

Mt oStevens

Thice occurrences of ven outcrops were located on M Stevens in 1985 These
octrrences are beleived 1o correspond 1o three old elaim blocks, i.c. Buffalo Hump Group,
Acmie Cham and Midnight Group . The Buffalo Hump showing was found in fresh bulldozer
workings neat thc summit. The showing consists of a pod of massive galena ina quartz vein
having a total thickness of 2.5mv and striking at 146", The vein, exposed for only a short
distance, 1s hosted i mghhy altered granodionte. The presence or absence of gouge could not
be determimed due 1o extreme weathering. The Acme showing =200m SE of the Buffalo Hump
Group consists of a large (10m x 30m), sparsely mineralized quartz lens hosted by Lewes
River Group schists. The lens 1s elongated parallel to the foliation in the schist which in this
case strikes at 133 The Mndm’ghl Group showing is located just north of the small valley
scparating Mt. Stevens from Dickson Hill on the east face of the former. This showing is
unique in the valley in that it is not made up of one or more relatively large quartz veins,
rather it is composed primarily of a granite porphyry dike which has been brecciated by
cross-faulting. The breccia fragments are heavily aliered and cemented by a myriad of
sporadically mineralized quartz vcinql.ets_ The host for the dike is, again, Lewes River Group

greenschist.

Tally-Ho Hill

Only one showing is present on Tally-Ho Hill, the Tally-Ho Gulch property on the
north face of the hill at =1400m. The showing is reported to contain a galena-bearing vein up
to 85cm wide occurring in a brecciated fault zone in granodiorite.(Caving of the old workings

prevented any direct observation of the the vein. However, much quartz float present near the

& -
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portal was presumed to be waste from the workings. In addition, a small quarts -carbonate

vein hosted in greenschist was located about 17m NW ol the portal.

Gold Hill

The Gold Reef claim and Dail Creek showing are located on Gold Hill, the tormer m
a draw on the northeast side of the hill at 1680m and the latter at the head of Dail Crieh-at
l4(»()m. Al the Gold Reef Clainy, all old workings again were caved, but quarts waste was
abundant below the old adit. The vein is hosted in greenschist and was reportedly traced for
over 300m by previous workers. The vein, said to average about 1.5m in width, pa‘rallcl,\ the
foliation in the schist, striking 1257 lll was also geported that the vein would.cul across the
foliation intermittently then resume its parallel relationship. The Dail Creck showing has
never been worked extensively. It is comprised of a sin& exposure of highly weathered quarty
vein material and cqually weathered granodiorite host rock. The vein, striking 109° and
dipping 78 S. varies in width from 47cm to 22cm over an exposed distance of =2m. A number

of small quartz stringers are found adjacent to the vein. X

Mt. Reid

Two veins have been reported on Mt. Reid, but as in previous instances slumping and
caving of old workings prevented detailed examination of the veins. Fortunately, one outcrop
of galena bearing quartz was located above old portal timbers. This outcrop was intensely
weathered, bearing a great deal of iron oxide crust and stain. Earlier reports state that gouge
and vein matter in this vein totalled 4.5m in width, this seems likely since the_gully in which
the outcrop ‘d appears to be filled with weathered gouge from one granodiorite wall to
the other. Andesite is found on the west side of the gully near the summit and the shear -

reportedly cuts andesite at depth. The andesite is thgught to be part of the Skukym Corhplex.
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). Arscnopyrite-bearing Veins
Veins whose dominant sulfide mineral is arsenopyrite are found primarily on Idaho
Hill and 1o a much lesser extent on Mt. Folle™. The veins are hosted in the Laberge Group and
are often seen 1o replace the wallrock . Two principal showings arc present. foth on the old
faport Unton Mines group of claims. The first consists of a number of veins of varying
»
widths cxposed in the old Union Mines adit, at 107()m)0n the southeast face of ldaho Hill.
I'he verns strike northwesterly and dip steeply west. They generally follow fractures in the
pravwacke hoT'l and carry little or no quartz. The secord showing is in Schnabel Creek Canyon
.
al lh?\lzx_s_‘c,d{ idaho Hill =1km upstream from a pair of cabins. In this location a great deal
of banded vein material was found lving beside a bulldozer road. This material was supposedly
taken Ier a S0cm vein uncovered by the bulldozer during construction of the road. The Vyin
was subscquently recovered, meaning that no actual outcrop was seen. A number ;)f small

veins were located in several places on ldaho Hill and Mt. Folle’, other than variable

proportions of sulfides, they are unremarkable.



IV, MINERALOGY AND PETROLOGY

A . Introduction

The sulﬁ/de-bcaring quartz veins of the Wheaton valley were divided by Cairnes
(1912) into three types according to the metals of primary interest in cach. The three types
werc antimony -silver, gold-silver and silver-lead veins. In light of the fact that the sulfde
mineralogy of cach of these types i; dominated by a single mincral, 1t 1s felt that classifying
the veins according 1o the dominant mineral is more appropriate to the study at hand: Stibnite
is the dorpinam mineral of the antimony -silver veins. Silver values in these veins were
reported to be highest where galena and Lctrahcd_r.ilq;\;crc mos/l,\a.bun\iam and %tibnitc was
relatively scarce (Cairnes, 1912; Cockficld and Bell, 1944) . These vcins’are found on Carbon
Hill with additional showings reported on Cﬁieflain Hill” Unfortunately. the author could not
locatle any vein outcrops on Chie{tain Hill. The gold-silver veins are dominated by galena with
pyrite nearly as’abundam in a fevl/ instances. Gold a_nd silver values were said to bc highest
when galena was present; the actual amount of galena apparently being irrclevant. Gold was
present as the native metal or associated with tellurides. Neither occurrence of gold was
observed by the author. Galena-bearing veins are present in a number of localities. The
sulfide mineralogy of the silver-lead veins is dominated by arsenopyrite. Silver values, again,
are highest where galena is present. These veins are found in the Idaho Hill4Ml._ Folle” arca.’
Exceptions to this classif: ica}ion do occur in the valley; they will be discussed where
appropriate in the following descriptions of the mineralogy aﬁd petrology of the various

~

showings. ¢
B. Stibnite-bearing Veins

Host-rock Petrology
The stibnite-bearing veins of Carbon Hill are hosted in Ruby Range granodiorite

(Porter adit, Goddell's Claims) and Mesozoic volcanics (Yukon Antimony). In both instances

20
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where underground access was possible, mineralization was seen 1o be associated with shearing
i the host tock . The shearing is evidenced by the presence of variable amounts (>\slicky gray
gouge and the development of shickensides. Mineralization may occur anywhere jhc shear

700n¢e

(imm)dn.(mlc samples whether taken adjacent to a vein or some distance from one are
extensively altered. While the ‘ongmal lci,\lurc and mincrals are casily recognizable, alteration is
pervasive with all primary mincerals being affected 1o one degree or another. Most of the

© plagioclase has been converted o a finc-grain‘cd miature of calcite and sericite with only a few
unaltered areas remaining. Measurements done on the few relatively fresh areas indicate a
plagioclase composition of =An30. Perthitic orthoclasc has not been as hcavri}.&' altered as
plagioclase but it does have a very cloudy appearance duc to sericitic alteration. Hornblende
and biotite, the tvpical mafic minerals of a granodiorite, were not observed: however, the
combination of muscovite and iron oxides, which is presumed 1o be their alteration
assemblage, is present throughout. Secondary quartz, which is ubiquitous, forms a graphic
intcrgrowth with the feldspars. At times this inle‘rgrowlh appears myrmekitic. The feldspﬁrs
(usually plagioclase. but occasionally orthoclase also) are embayed or enclosed by opticaily
continuous quariz. The graphic texture of quartz and cmbayment of feldspars sugg;?st that
quarts generally replaces feldspars throughout the’\g?ranodiorilc host. In addition to carbonate
in altered plagioclase, numerous small carbonate veinlets are found throughout the unit. The
pervasiveness and uniformity of alteration in the granodiorite, regardiess of distance from
mineralization, implies that the alteration is fot closely related to the mineralization or, at
least, it had no controlling effect on mineralization. /

Three rock types serve to host the mineralized shear on the Yukon Antimony
propérty. The first and most important is a rhyolite dike which is associated with the
Mesozoic volcanic's'. This dike constitutes .the footwall of the shear over its entire explored .
length as well assa major portion of the hanging wall (Hylands, 1966). The dike is heavily

- .
fractured near the vein and shows copious iron oxide staining. The rhyolite is porphyritic,

\wilh phenocrysts consisting of albite that have been altered to sericite and carbonate. Small

3



clusters of sericite, carbonate and iron oaides, which may be alteration products of the
original mafic mincrals, are present throughout. The n;alrix is extremely fine-grained with
disscxﬁinalcd quan) and scricite inclusions. The second type of host rock for the Yuken
Antimony vein is Skukum rhyolite. which is present in the form of two dikes that intrude the
shear zone. In hand specimen this thyolite looks rather similar to the unit previously |
described, being heavily iron-stained and slightly porphyritic, but in thin section the
diffcr’cnccs between the two rock units are clear. The Skukum rhyolite has been extensivehy
silicified to the point that the rock consists of over 75% sccondary silica nearest the shear

a ,
sone. This silica has abundant inclusions of secondary plagioclase. Sericitic alteration ol both
primary and sccondary plagioclase is much less pronounced in this rock and sccondary
carbonate is lacking. Mafic mincrals agdin are absent. Iron oxides arc concentrated with
sericite aloné fractures and, also occur as rare psucdomorphs after pyrite cubes. The
groundmass is a felted mass of orthoclase. plagiociase and quartz. The third rock type hosting
the sheat zone is the Tantalus conglomerate. As ihe contact of the conglomerate with the
shear zone is very limited and likely has no bearing on mineralization, no dcla;lcd description

will be presented here.
[~

Vein Minggalogy and Petrology

The mineralogy and petrology of the stibnite veins are relatively simple. In the Yukon
Antimony samples the only sulfides identified were stibnite, -sphalerite and very minor pyrite.
The gangue consists of quartz and barite. The quartz exhibits coarse anhedral to cuhedral
morphologies that were corroded sometime after initial formation. Stibnite, often including
small euhedral barite crystals, filled in the interstices of this corroded quartz. It would seem
ikely that the stibnite is replacing the quartz. The relative abundances of stibnite and quartz
vary widely in the vein with the common occurrence of larg:e masses of stibnite containing
only scattered quartz graiﬁs. Sphalerite is light reddish brown in color and is f. ound only near

the contact of the vein, with the wall rocks. The sphalérite tends to be fractured and, when

stibnite is present, is apparently replaced by the latter mineral to a limited extent. Pyrite is



-
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nmmnllx present as widely scattered cubes in quartz and/or stibnite. In one sample pyrite
forms a few small stringers n stibnite. Barite, as well as being present as isolated euhedra in
submite. forms the dominant gangue mineral in a few instances. In these instances 1t is present
in the form of large (>3cm) bladesawith interstitial quartz. Late movement in the shear zone
has caused minor breeciatiod of both gangue and sulfides in some places.

The veinmaterial occurring in the granodiorite is somewhat more complicated
mmeralogically and texturally. Only one additional sulfide mineral associated with stibnite was
identificd, namely jamesonite. Also. galena was identified in a specimen from a minor veinlet
in the Porter adit, but no other sulfides were present with it. On the other hand. barite was
rare bemg found in only one location on Goddell's Claims. The complexity in lhis; material
arses from the m‘lcrgmwlh of quartz and stibnite. Two generations of quartz are clearly
,cvulcnl in these samples. The first gencration is composed of relatively coarse quartz and
exhibiting a high degree of cuhedral development. The second generation occurs both as
fine-grained overgrowths on the {irst generation and as distinct anhedral grains, in both
instances having an obvious radial growth patiern (Plate. 1). Aggregalcs of stibnite needles
can be seen to form conccn‘tric bands in somc quartz grains probably outlining growth zones
in the grain (Plate. 2). In other instances, stibnite is clearly replacing the second generation
quartz, where the former occurs interstitial to the latter. The evidence of replacement is i‘n the
carcous boundaries of the quartz and in the projection of individual stibnite needles into the
quartz (Plate. 3). Sphaleritc is again prescr;t-(;ly near the wallrock contact and is replaced by
stibnite to a greater degree than in the Yukon Antimony samples. Jamesonite occurs as

isolated grains in stibnite. (.
Paragenesis

The paragenetic sequence of the stibnite-bearing veins (Fig. 5) was initiated by the
deposition of coarse-grained anhedral to euhedral quartz. Sphalerite was deposited early in
this stage since it occurs only in the quartz near the wallrock. A second generation of

finer-grained quartz was deposited next in the form of overgrowths on the original quartz, as
~

¥
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Subnite-bearing  veins

Quartz(l)
]
Sphalerite
FEERNEES
Pynite
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Subnite
- |
- Jamesonite
]
Barite
-
I
Figure.5 Idealized paragenetic se‘qgencc of the stibnite-bearing veins.
|
£

24



Plate 1 Radial)growlh patiern of second generation quartz on first generation quartz core.

Field of view'is 1.5mm.

~T
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Plate.2 Stibnite needles outling growth zones in quartz from the Porter adit. Field of view is

1.5mm. V4
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Plate 3 Fine gramed submie embaving quarts grains from Goddell's Clains }-u'msot VICW IS
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well as . mterstital grans Stubnite depostiion appeats to have commenced sometme alter the .
onset of the second gencration guaitz and contimued to be depostted until nunerahrzation

ceased  The stibmite ddearly teplaces hist and second generation quattz i some instances,

while . at other tmes, 1t smmph Brlls the interstices i the second generation The concentin
bandimyg of stibiite i quarty further confioms contemporancous depostion B sadicate an
alternating sequence of deposttion of quatty and stbiite, but this could not be contomed on g
Ltper seale Jamesontte s contempotancous with the submite as it occurs onhyas selaied

prams m the latter nuncral Bate was also deposited at the same time as the stibiite s
cvidenced by the presence of barite cuhedra mcoarse stibnite which s anterstttial to guas 1

v not dear what the relationship o the gatena denufied e the vemlet e the Porrer adit has

. ~
to the stibnite nunetalization but 1t replaces coarseanhedral quartz i this vemnlel

C . Galena-bearing Vemns

Host-roch Petrology

Galena beanng vens ate hosted in Ruby Range gramuic rocks and Tewes River Group
metamorphic rocks. Alteration in the granitic tocks is similat to that observed associated with
the stibmite -bearing veins (Plates. 4 and S). In this case it varies to a hmited extent, with
distance from vein mineralization. Altesation takes the form of sencitization of feldspars

(alwavs more intense for plagioclase) and. chloritization and carbonatization of amphibole

and biotite. The sequence of samples from the Mt. Anderson adit studied by Bull(19%06)
indicates a marked intensification of altcration immediately adjacent to the vein. This
sequence of samples is valuable because the excelient access provided by the adit on>lhi5
property permitted the systematic sampling of the host rock at ever increasing intervals from
the vein. Unfortunately, such a clearly defined sequence of samples could not be duplicated
with any Acertaimy on any other showing but the alteration trend indicated on Mt. Anderson
seems to hold true, at least broadly, for the other localities where granodiorite or quartz

diorite is the host rock; i.e. Buffalo Hump Group, Tally-Ho Guich, Dail Creek and Mt. Reid.
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As 1t was not possible 1o ascertain whether o not a patticular schist sample was
actually representative of (the true mmediate host rock for any single vem on MU Stevens ot
Gold Hill, a bnet description of the thice prevalent rock types will be given The fnstas a
schist found near the Acme showing on Mt Stevens This tock s composed for the most part
of fine gramed quartz, schistostty 1s defined by lavers of senctte: Small carbonate vemlets
parallel the seniate at intervals A few | large, rounded quartz grains are present, presumably
rchicts from the sedimentan precuisor Iron onides are abundant throughout. The second 1ock

N .
is essentially an aggregate of alteration minerals produced by the alteration of a mafic
porphyry. No relict grains remain and phenocryst outhines are too indistinet 1o pernmt
definitive conclustons as to their origins . The altered phenocrysts are now masses of Mg neh
chlorite o1 sericite; while the groundmass 1s a mixture of Fe-nich d‘ll()nlc, sericite, carbonate
and 1ron oxides. A number of roughly parallel carbonate veinlets, sometimes containing
considerable amo:mls of epidote, cut the unit. The third rock tyvpe is a fine-grained,

L)

chlorite-sencite schust also cut by carbonate veinlets. A few, small, relict grains of quarts and
plagioclase are still recognizable while other grains are completely sericitized. Iron oxides are

)
dissenunated throughout.

4

Vein Mineralogy and Petrolog v
g) gy

Mt. Anderson

The mineralogy of the galena-bearing quartz veins is more variable than the
stibnite-bearing veins. The most complete and best documented suite of samples was
obtained by ID. Bull on Mt. Anderson. These samples appear (o indicaic a single cpisode
of deposition in which quartz and adularia were deposited more or less continuously,
while sulfides were deposited intermittently. The gangue minerals are coarse and
intergrown, showing little or no replacement textures. Secondary veinlets, normally filled
with fine-grained quartz or occasionally carbonate, cut the coarse-grained gangue in some
places. Sulfide minerals occur as discontinuous pods and lenses almost anywhere in the

body of the vein, though generally they are fount to be more often toward the center,

1



[hese pods are made up of vanable amounts of galena, sphalenite. pyrite and
chalcopyiite Tetrahedrite occurs sporadically and native gold wiss repotted i two sampics
from a tench which exposed the vein =130m above the Jower adit. The relative
propottion of galena decreases in these samples while that of pyrite increases. as
compated to matenal from the adit, Galena was observed to teplace pyrnite, while
wphalente replaces both of these Pyviite tends to be brecaated. while chalcopyrite and
tetiahedtite ocouts as blebs in sphalerite and galena respectively . In addition, chalcopyrite
iv Tound as anhedral grains and stringers Nlling 10 around galena and quartz.

I he fine grained quarts and chalcedony veins found by the author on a knoll
<otth of the niun showing carry no sulfides, but fluorite and chalcedony psucdomoiphs
after thaore are present. The fluonte s very Jight green in color and occurs at the
margin of the vein. Where granodiorite breccia ts abundant in the veins, quartz has grown
radially from the fragments developing a very clongate ;;rismalic habit. In son‘w Instances
milky | hand’cd chalcedony has formed at the terminal ends of the radiating quartz
clusters. The relationship of these veins to the main showing is not clear, but the presence

of chalcedony and fluorite suggest that these veins represent the upper portions of a

hydrothermal svstem (Fournier, 1985).

Mt. Stevens

Vein materials obtained on Mt. Stevens differs slightly from that found on Mt.
Anderson in both gangue and sulfide mineralogy. The gangge in these materials is
composed entirely of massive, coarse-grained quartz regardless of the host rock. In places
the vein material shows signs of having been brecciated and recrystallized with the
introduction of minor seri'cite. The only primary sulfides identified were galena, pyrite
and chalcopyrite. The massive galena pod found on the Buffalo Hump Group claims,
which apparently fills a large vug in the vein, contains only minor pyrite and chalcopyrite
in the form of blebs and rare stringers in‘ the galena. The secondary copper minerals
covellite and brochantite are pressm in amounts that seem 10 beliie the apparent paucity

of chalcopyrite. The galena, which often encloses coarse hexagonal quartz is heavily
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encrusted by cerussite and iton oxide alterauon (Plate. 0). Only widely scattered galena
grains m massive quartz gangue are found at the margins of the vain on the Acme

showing: these are not accompanied by any other sulfides.

Gold thll

Vein matenial from Gold Hill and Dail Creek ts very similar to that from M1
Stevens The ganguce consists entirely of massive, coarse-grained, quartz. Sulhide
mineralization is composed of highly disseminated pyrite and galena. Pvrite 18 the onh
sulfide found in the Gold Hill samiples. It occurs in coarse-grained clusters of as sty

cubes along fractures in addition to being widely disseminated in the quarty gangue.

Tallv-Ho Hill

Material from Tally-Ho Hill collecied by the author is not mincrahized and
consists of massive, coarse-grained quartz. As was mentioned before, a small,
coarse -grained carbonalte vein was located on Tally-Ho Hill as was a small of amount
material comprised of highly altered granitic breccia in a chalcedony matrix.

Mt. Reid
\

The Mt. Reid showing has traditionally Eccn included by ‘(‘aimes (1912) and
others (Cockfield and Bell, 1944; Whecler, 1961) with the veins in the valley which arc: of
interest for their gold content that correspond to the galena-bearing veins of this study.
~ The vein is unique, however, in that it is the only gold showing in the valley that has
arsenopyrite as its dominant sulfide. Pyrite, galena, tetrahedrite and sphalerite are also
present. Relative proportions of the sulfides vary among the samples but only pyrite or
galena rival arsenopyrite in abundance in any one sample. Arsenopyrite and pyrite are
‘extensively brecciated, with fractures most ojten filled by quartz. Tetrahedrite and galena
also fill the fractures and appear to have slightly replaced both arsenopyrite and pyrite.
Galena §so seems to replace tetrahedrite. Chalcopyrite is only present as blebs in the

tetrahedrite. Sphalerite, containing pyrite blebs, is rare and occurs as a fracture filling in

arsenopyrite and ;\yrite. The gangue consists solely of quartz, which is vuggy and



\

Plate 6 }}cavil_\' corroded galen®(white) from Mt

Stevens showing. Field of view is 1.5mm.
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finer-grained than that of the other galena-bearing veins. Sulfides are normally present as
a series of subparallel stringers in the quartz, with disseminated graips and smalls masses

also noted.

Paragenesis

The scarcity of well mineralized samples from the galena- bearing veins and the
variability of the mincralogy in the samples that are available makes the compilation of a .
rcpﬁrcscmalive paragenetic sequence for thcs.s.vcins difficult (Fig. 6). The depositional
s¢quence in the galena-bearing vein on MU Andcrson is dominated by the deposition of the
quartz -aduldria gangue which continued throughout the period of primary mincralization.
Sulfide pods were deposited sporadically during the gangue deposition. The first major sulfide
to be deposited was pyrite followed by galena..then sphalerite. Tetrahedrite 1s |
contemporaneous with galena as it occurs as blebs in the latter mineral. Chalcopyrite and
sphalerite arc contemporancous for similar reasons. One of the two reported occurrences of
gold in this material is in a fracture in sphalerite indicating that gold was deposited relatively
late. The veinlets of finc-grainéd quartz and cdrbonate are the final siep in the depositional
sequence since they cut both gangue and sulfides. The vein material from Mt. Reid also
indicates continuous deposition of the quartz gangue throughout the period of mincralization.
Sulfide deposition began with arsenopyrite and pyrite. These two minerals, though they are
not closely intergrown, are probably coeval because they are similarly brecciated and show no
obvious replacement texiures with respect to one another. Tetrahedrite was deposited next
followed by galena. Sphalerite is definitely later than arsenopyrite and pyrite, but its
relationship to the other sulfides is not clear as it was not found in contact with them. Little
can be inferred from the material from the other galena-bearing veins because sulfide
mineralization is sparse. In each case it appears that deposition off the gangue occurred as a
single continuous event with generally disseminated sulfides deposited intermittently. The
galena pod from the Buffalo Hump Group is the only important sulfide mineralization from

these showings. But even in this case only one period of deposition is indicated since pyrite



Galena-bearing veins (Mt. Andcrson)
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Figure .6 Idealized paragenetic sequences of two galena-bearing veins.
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and chalcopvrite only occur as blebs and rare stringers in the galena.
*

D . Arsenopyrite-bearing Veins

Hosprock Petrology

Tha host tocks of the arsenopyrite-bearing veins in the Idaho Hill-Mt. Folle wrea are
\
various units of the Laberge Group sedimentary rocks. The hosts, which were probably
arenites and grevwackes originally, have undergone such intensc silicification that then
precursor rocks may only be hypothesized. Primary, rounded quartz clasts are surrounded by
secondary silica and minor scricite. Combined primary and secondary silica of ten make up
more than 80% of the rock. Rounded clusters of sericite and carbonate. or chlorite and
carbonale at times constitute a significant portion of the rock, but more often they are only
minor constituents. In addition 1o silicification. the host rocks are formally abundantly

mineralized by disseminated sphalcrite and pyrrhotite.

Vein Mineralogy and Petrology
Even. though the veins in the Idaho Hill-Mt. Folle” area arc referred to in this study as

arsenopyrite-bearing, the mineralogy of the veins is in fact variable 10 a certain extent. All of
the principal showings described in the older literature contain arsenopyrite as a major
constituent; if not the predominant one. During the summer of 1985, the author sampied
several minor veins in which arsenopyrite was rare or even absent em’irély. Some of these
veins were pointdd out by D. Baird, the current claimholder in this area. Because of their
close spatial association with the latter veins, the textural similarities of the sulfides that are
common to both, and the apparém relatively limited extent of any one of these veins; they
will be considered along with the aréenopyrite-bearing veins. It should be mentioned here that
the Mt. Reid material is'rcmarkably similar to that of the arsenopyrite-bcaring veins in

mineralogy and textural characteristics. The principal differences being the presence of

pyrrhotite in the Idaho Hill-Mt. Folle” matetial, and the absence of tetrahedrite. Also
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»
sphalente and chalcopyrite are much more abundant in the veins of the Idaho Hill-Mt. Folle’
Alca.
¢

I he vern material from the Unton Mines adit cvg)Ansisl.s essentially of massive
coaise gramed arsenopyrite which has been fractured 10 some extent. Stringers of pyrrhotite,
Chalcopyrite and pynte, along with stringers of deep red (almost black ) sphalerite are found
Al the margins of the massive arsenopyrite, penetrating both the host rock and the
arschopyrite. These stringers of ten connect small clusters or masses of the same sulfides which
make up the b”'v,”gf}r-?.“ The pyrite in these stringers is present as cuhedra surtpunded by a
miure (QWLE :and chaicopyrite. Pyrrhotite is always dominant in these stringers,
although this ;ilix;&‘rle and :halcopyri(c do appear o be contemporancous. The material of the
stimgers appears to have slightly corroded the arsenopyrite. Galena is preSent as widely
weattered blebs in the arsenopyTite o1 as isolated grains intergrown with arsenopyrite (Plate.
7). Sphalerite, in addition to occurring in the stringers, is found as blebs in the arsenopyrite
and appears 1o replace this mineral to a limited extent. Quartz and calcite are the only gangue
munerals noted in these veins and constitute only a minor proportion of the vein; often
composing less than 20% of the vein material. The gangue is medium- to fine-grained, with
quart; and calcite being intergrown and showing very little euhedral development. The gangue
1s usually dominated by quartz, althou;h calcite may be more abundant locally. The veins
were reported by previous workers (Cairnes, 1912; Cockfield and Bell, 1944) to be vuggy but
no vugs were observed during lﬁis study. Vel\}l minerals, both gangue and sulfides, are in

|

direct contact with the host rock with no intérvening gouge and little or no alteration; this
coupled with the tendency of the veins 1o pinch and swell erratically (a tendency no longer
clear due to limited exposures) led Cairnes (1912) to conclude that these veins were replacing
the host rock. . o .

Samples taken from the veins in Schnabel Creek Canyon, as well as from the
mountainside between the creek and the Union Mines adit, normally carry a much lower

proportion of arsenopyrite and a much higher proportion of the other sulfides, especiaily

pyrrhotite and sphalerite compared with samples in or near the adit. No references to



Plate.7 Arsenopyrite (light gra)") from ldaho Hill with galena(darker gray) filling ca¥yities.
£

\

Field or view is 1.5mm.
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pyrrhotite can be found in the previous descriptions of veins in this area which seems odd in
hght of 1ts apparent abundance in the veins and the case with which it may be identified. In
some samples pyrrhotite is ghe dominant sulfide. In all of these samples, arscnopyrite and
pyrite appear to be carly as they arc.gcncrally more or less euhedral and somewhat fractured.
I he other sulfides ()W fill in .lhcsc fracturcs. Sphalerite, again extremely dark, often appears
to teplace pyrrhotite while both of these are seen 1o replace galena. Arsenopyrite is also
replaced by sphalerite. Chalcopynite is presem\ as rare infillings and stringers in the olhcr
sulfides. The abundance of gangue incrcas"cs greatly in lﬁ%sv veins relative to material from
the Unio/rr;’diincs adit. The gangue normally comxp‘r\ises more than fifty percent of vein
maltcrial in these samples. Milky, gnhcdral quartz, which is medium- to f’uie»grain;_d, 1- the
sole constituent of the gangue. Sulfides mostly occur as.sitingers anc. isolated masses filling
interstices in the quartz. The vein material mentioned earifer, which h}d been uncoVered» in an
open cul is an cxception in that it exhibits a crude banding. Two bands‘\of sulfides, cacn with
\
a 1 to 2¢m band of quartz at its outer cdge, are separated by a\ékplral hand of quartz 2 to
3em wide. Within cach sulfide band arsenopyrite is always nearcs\t\ to the quartz essentially

forming an cnvelope filled by the other sulfides which exhibit f textural relationships

described above. .

Paragenesis

The paragenesis of the arsenopyrite-bearing veins is characterized by twq distinct

N\

stages (Fig. 7). The first stage involved the deposition of arsenopyrite and quartz\¥ca§bonate
ganguc. Al times the arsenopyrilc mineralization is quite massive as seen in the Union Mines
adit whilc in other instances it takes the form of disseminated grai;ls or stringers in the
gangue. A variable amount of galena was deposited with this arsenopyrite. The second stage
of mineralization is represented by the pyrrhotite-pyrite-chalcopyrite and sphalerite stringers
in the adit material. In the Schnabel Creek material, the second stage minerals are seen to fill

fractures in the primary arsenopyrite. The replacement textures are more clearly delineated in

this matefial indicating a depositional sequence in which arsenopyrite and galena were laid
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Figure.7 Idealized paragenetic sequence of the arsenopyrite-bearing veins.
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Qv toa followed by perthonte Chadcopynte and pyote s with sphalente occatrmg List

I Discussion

Bascd on the Torepomy descnptions, H‘ may be conduded that mineraltzation on the

coons showiye e the valley was confinad to one o two events, Regardiess of the nuimber

o cvents pesalizatton sthvles are the same i neath k‘\('.l\ case. 1 ¢osalhides are (h\ll’llml(‘d
Cpatecy thioushout the ganrue as stonyers and pods . onh occesonally Tormmy masstve
woonintottons  baen thouph sulfide nnneralizaton s so erratc, depositton almost alwians
Sertcee ] sequentudhas evidenced by fracture Tdhings and replacement tevtures Descriptions
Fromn ??;a‘J:iH.lHH\ mrdicate that prectons metat vatues (espeaalby silver) were alwary ¥ highest
whon vadena was present m the showrngs Whether this fact s g simple comadence or i bona
frde sonche mdicatorn remans to be seen

Ihe tnnny and age of tormation of the vanous vemns cannot be faed with preasion
Phe thice nypes do not mtersedt one another many location nor are widespread niatker units
prosent o the valley . which means that relative ages cannot be established  The vemns are
obvioush vounyer than ther host tocks but this fact grves oniv o mnimum age which for
Most \Im.v‘mg\ 18 late Cretaccous or carly Tertany based on ages tor the Coast Plutoni
Compley (LeCouteur and Tempelman-Klut, 1976; Mornison ef af . 1979) - Cairnes felt that
the galena-beaning vems (gold -silver veins of his study) were possibly late Jurassic in age
because of the presence of the basalt dike adjacent to the Mt Anderson vein. BuHo( 1986)
<Lates tHat the dike 1s definitely oider than the vein based on the hydrothermal alteration of
the dike This means that a late Jurassic age is not necessarily valid for these veins. Only the
stibnite veins of Carbon Hill can be assigned a reliable lower limit to their age because of the
rhhvohite dike of the Skukum Group which intrudes the shear zone there. The Skukum Grroup
thvolite plugs have been dated by Pride and Clark (1985) as early Eocene. Suitable material
for 1sotopic dating is not generally present within the veins themselives. Due to this difficulty

n establishing either relative or absolute age relationships, it is not possible to unequivocally

state whether the various veins are discrete entities or different aspects of a single system. The
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flhind mdusion and stable totope studies descibed i the folowing chapters were undettahen

to help discern the thue relationshis amony the mans ditferent vemns

D



VoORLUID INCLUSION STUDY

A Introducthon

A fhod mdusion study was carned ont on vemn matenal from every locahty i the
Gy rea tnoonder 1o obtan data on the temperature and pressuie of formaton of the
Cittons verts as well as to provide mfonmaton about parent Hnd compositions - Flud
v Tuons provide the best means Tor gathenng such mfoimation as they are samples of the

coont tlund trapped o the nomeral as 1t prew (Roedder . 1979 Holhister . 1981)

B Incluston Petrogaphy

Doublv polished thich sectons were piepared From vemn samples from cach showimng.

T hese seections wete then cvamined for the presence of Thad icusions using the cotena of
Rocdder( 1984) 1o determine which indlusions were primany - psceudo-sccondary and secondarny
OF the samples cvamied - quarty proved to be the only mimeral which contamed usable

i IsIOns 10 eveny case. save one i somie imstances, the mineral was not clear enough to
sllow observabon (c.g. sphalenite ), others, no primany indusiens could be focated (barne
and calaieY. The one eaception was TTuorite mn a santple of vein matenial fiom MU Anderson
provided by John Biczok . The fuorite did not require polishing: cleavage plates were
suthaenthy dear 1o allow microthermometric analysis.

Uscable inclusions were not diSlrlibulCd with any degree of regularity in the samples.
Inclusions were often found in one sample from a particular locality and not in another,
although the samples otherwise would appear identical. Primary inclusions were absent or (oo
small for analysis (less than Sum; Roedder, 1984) in several instances, e.g., the massive
arscnopyrite veins of Idaho Hill, the Mt. Reid‘ galena-arsenopyrite vein and the second
gencration quartz of the Carbon Hill stibnite-bearing veix}s. No useable inclusions were found
in anv material from Tally-Ho Hill. In the galena-bearing veins of Gold Hill, Mt. Stevens,

and Mt. Anderson secondary inclusions were so abundant that primaries were -difficult to

distinguish eacept in the vicinity of small, widely Scattered vugs.
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Inclustons varned constderably from one locahty to another and i some instances,
from one sample o another from a single locality . The mcdusions may be groupet o thiee
categories based on their appeatance at room temperature  The hirst type (1) consists of

«

essentially | pure low salinits HLO with relatively high hiquid/vapor ratios (Volume % higund s
alwavs greater than vapor) . In these inclustions, COL s not visble, not as the presence ot €O
mdicated duning freesng runs (Plate 8) 0 The second tvpe (M) indudes imdusions that contain
a vatable amount of COLmaddition to HO (Plate 9) 0 The COmay constitute a
constdetable proportion of the mcluston mass . thereby bemg readily vistble o1 1t mas only be
indicated by ats effects oif phase changes during freesng runs. The thud type (I o
inclusions 1s comprtsed of those mclusions that contamy pure or nearly puie CO, (Phite 10)
[hese inclusions melt completely at ot below the tnple pomnt ot CO, (56 6'C) and
homogenize below the critical pomnt of CO, (31.1°C) . No daughter mincrals were observed

amy nclusions examined mn this study . Any particular vemn of any tvpe might contan more

than once category of mclusion.

(. Technigues and Apparatus

Once suitable inclusions were identified in a chip. the locations of the inclusions were
marked on the chip with indclible ink  After this was donc. a sketch was made of the
inclusion and the maximum dimension of both the inclusion and the vapor bubble were
recorded. Microthermometric measurements were then performed on the inclusiony using a
USGS type heating/cooling stage manufactured by Fluid. Inc. of Denver, Colorado. The stage
was mounted on a leitz microscope fitted with 10x oculars and with 4x, 10x and 32x kEF
objectives. All measurements were made using the 32x objuectivc. Descriptions of the stage, as
well as, operational techniques are found in Woosjs et al. (1981), Roedde'r (1984), and
Reynolds and Beane (1985). The accu{;cy of this stage using a SCXIN-020U -4 .5in
thermocouple with a Doric 'Trendicator' temperature readout is quoted as £0.1°C in the
range -56.6 t% +660.4°C by the manufacturer. The apparatus was calibrated using liquid

nitrogen, an ice water bath and Merck standard 9800 (melting ‘point 200°C). Temperature



Plate d Ty Dinddusion from MU Anderson, Freld of view s 0.75min.



Plate 9 Tvpe 11 inclusion from Gold Hill; bubble is CO,. Field of view is 0.75mm.
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Plate.10 Type HI inclusion from Yukon Antimony adit, Carbon Hill. Field of view 1s 0.75mm.
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gradicnts in the sample are specified as bemng less than 017 at -56.6°C and -6.6°Coand less
than 1° at 290°C over an arca Smm i diameter around the up ol the thermocouple (Rc\nnld.:
and Beance, 1985).

Normally several incdlusions were measured i cach chip. but any sigle chip was
subjected 1o only one series of frcuin%/hcatmg runs. Freezing measurcments were performed
first, as recommended by Rocdder (1984) because of the possibidity ol stretching of
inclusions at high temperatures. All inclusions were cooled to = 1007 to - T10°C to ansute that
anv CQ, present was frozen or formed CO;-hvdrate. Once all freezing measurements were
donc, homogenization runs were performed immediately without removing the sample from
the stage. If a significant amount of decrepitation occurred during a heating run the chip was
normally discarded, especially if previous honrogenization temperatures could no longer be
duplicated. Three tvpes of homogenization (shrinkage and disappearance bl' vapor bubble,
growth of bubble and digappearance of liquid, and fading of the meniscus) were witnessed
during the course of this study. so that homogenization numbers may reflect any of l'hrcc
possible events; this will be discussed further where appropriate.

The data derived from the microthermometric analyses are summarized in Figs 8-13 (a
complete listing of data is provided in Appendix 1). Average values for cach analytical
category are listed in Table 1. Also provided are the standard deviations from the calculated
. avcragés and the number of inclusion analyses upon which the average is based. Any
inclusions that were determined to be secondary in origin wefe not included in the statistical

. )
calculations.

D. Low Temperature Measurements

Low temperature microthermoretry produces data of four types: CO, melting
temperature (TmCQ,), ice/brine melting temperature (Tmlce), COfclathratc melting
temperature (TmCla;th),vand CO, homogenization temperature (ThCO;). The ice melting

temperature is a measure of the salinity of the fluid contained in inclusions where CO, or

other gases are not present (Potter et al., 1977; Hollister, 1981). Salinity as used here refers to
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Pable 1 Averaps values dernved from fhod idusion data, disted locality (See Appendix |

for hat of abbreviations) -

TmCO2 Tmice T ThCO2 1Th Wtie Wi

Sample Vol‘e Vole Vol Vol ‘e
NaCl NacCl

number H20 CO2)CO2g) CON) Clath

T — (fpd) (Clath)
Averageet my /7 I~o
stdey 10 200
o of nes / /
Avcrage(YA) 73 N [T AWAY) N 272 2000 SN
stdey 9 13 13 01 13 31 287 2.0
no ol nes i 20 20 23 iy RN 37 Ry
Avcrage(Po) /3 AR 4 Se 2A ERSURE U 4.2
stdoey 9 11 11 0 23 29 IR s
no ol 1S 3l 13 13 14 il 14 29 31
Avcrage(GH) 60 3 AR /s 2NV 4 S 48
Sdoy 1> 11 , 0.0 1.0 16w 00 1.6
no ot mnes 41 23 2 A6 30 2 A
Avcrape(DC) S ¢] 40 47 NO N I 208 312 41
stdey 13 1 0> 03 0> 180 3-06
no ot nes 19 1 1 13 16 16 2 15 16
AverapcMA) 60 37 2239 6.0
stdoev, 04 162 0.6
no. of mnes 15 15 14 1>
Averuge(MAY) 84 0.3 15608 0.6
st.dev, 3 . 0.1 157 0.1
no. of s, 25 25 25 25
Average(MA-fl) 83 -0.2 1714 04
st.dev. 3 0.0 3.2 0.1
no. of incs. 24 24 24 24
Average(MS) 78 N 22 8.0 261.0 4.0
st.dev., A k 5 0.3 198 0.6
no. of incs. 22 22 22 21 22
Note: st. dev.--standard deviation

All volumes estimated visually.



. Ice Melting Temperature (Tmlce)
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Figure.8 Fluid inclusion ice/brine melting temperatures.
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Figure.10 Salinities derived from Tmice and TmClath measurements.
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Number of Inclusions

€02 Melting Temperature (TmC02)

30
20 —
10 — .

-57.8 -57.4 -57.0 -56.6 -56.2 —55.9

Temperature ( °C) .

] stibnite-bearing veins ] Galena-bearing veins
Carbon Hifl 1 Gold Hill/Dail Creek

Gelena-bearing veins
Mt. Stevens

Figure.11 Fluid inclusion CO, melting temperatures.
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total NaCl equivalent sabmity  1e the prosence of all the common highlhy solubie salts ot N
Ca . My be o ete s as well as NaCl Potter and Chvnme (1977) showed that additon of
these other salts gave tesults tor total satimty within Twit % ot the NaCl HLO svsteme This
means that determmnation of the tieezing pomt depression (the amount of lowernng of the
frecsmg pomt of pute HLO) will give a very good approvmation of total salimity - mowi %
NaCl equivalent, of the parent Tlurd Sahiits was calculated accordimg o the formula

developed by Potter er af (19758) 0 which s

W0 00+ T 700581 4 238N0 1T ey 2TINT0 T (g D)

Where Woas wi % NaCland 1 oas ticesimg pomnt deprossion m "C The accutacy of ny cquation
1s stated by the authors to be P 0.028wt % NaCl The presence of cations other than Na©ane
mdrcated by therr effects on the cutectic temperature i the H Q8 NaCl svstem The cutecti
temperature s recognized by the appearance of the first hiquid to melt upon warnung of the
iclusion Poor optical guality and the small siz¢ of the inclusions dealt with m this study
prevented the determanation of Te for any inclusions.

ITmlce was determined by observation of inclusions as they were slowly warmed
(+0.3 to +0.4°C/min) near the melting temperature after supercoohng, as recommended by
Roedder (1984). Supercooling is necessary because of the difficulty in nucleating ice crystals
in small inciusions during freesing (Crawford. 1981). In most instances, direct observation of
ice formation and melting was not possible; instead, final melting temperature was determined
by ineremental heating near the melting temperature . In this techmque, the inclusion is
warmed by small increments, 0.1° to 0.2°C, near the melting temperature until the vapor
bubble fails to shrink immediately upon switching off the heating element. Similar methods
were employved for TmClath measurements.

In those inclusions where CO, is present in addition to a brine solution, ice melting
temperature is no longer an accurate indicator of salinity (Collins, 1979). The reason for this

is the formation of the CO, clathrate, CO, 5.75H,0, during freezing. The formation of the

»
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CLithiate subtracts Lirge quantiues of H.O from the soluton thereby making the apparent
wiliity of the depleted flnd much greater than the true value Colling (1979) has shown that
(e Linal mcltmy temperature of the dathiate vanes svstematically with the salimiy ;)l the
flued DmClath s depressed as sabimiiy increases . much hike the freezimmg pomt o pure water
[herctore. 10 possible 1o obtam a pood approvimation ol true salimty based on ImClath, by

iy the Tormula yiven by Boszo e al (1e/s)
WIS N0 L0233 00861 (g )

Whate Wos wi % NaCT and T oas TmClath

The melong temperatuie ol COL (SO 6C) s used to dewermine the purity of this
phuse 1 the phase melts at any lower temperatuie, then the presence ol another gascous
phase s indicated . oo CHy o dess commondy Ny (Burruss, 19%1) CH, 1s by far the most
common gas Tound assotiated with COLan fhod inclustons (Roedder, 1984) - Since CH, and
NaCl have opposmg effects on TmClath mcasurements 1t s essential that the CH, content be
estinated 1 oorder o determine the vabidiny of salinity calculations based on TmClath. Two
methods were used in this study 1o estimate CH, content. The first, d(\;ibcd by Swanenberg
£1979) s a graphical method of determitning mole fraction CH, using TmCO, and degree of
fill at TmCQO. This method worked quite well for tvpe Hi inclusions. The gecond method,
presented by Burruss (1981b). involves the use of TmCO,, ThCO, and homogenization phase
with known P-V-T-X data 1o calculate CH, content. This method was limited in its usefulness
due to the lack of ThCQ, data (because of poor visibility) for those inclusions for which 1t
would have been most appropriate (tvpe I1).

TmCO, was more difficult to measure than any other parameter. The difficulty arose
due 1o the rapidity with which the phase change occurred and the tendency of the apparatus
1o warm up oo quickly at very low temperatures. A' further complication was poor visibility

in many type I inclusions. Because of these difficulties, TmCO, values were generally checked

several times to improve accuracy. ThCO, was impossible to determine in many type Il
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mdlustions because of poor visibihity - In those iclusions where 10 could be determined

(espeaially tvpe B oveling was emploved to fiv ThCO, as preascly as possible

I High lemperature Measurements
High temperature measurements i thes stody were contined to homogemzation

~

temperatures (Th) No attempt was made to systematicaly deternnne decrepitation
temperatures, as they pm\"nlr httle usctul dlmnmlmn (Rocdder. 1984)  As was stated cather
i1 decrepitation was suspected 1nany incluston it was ignoted andat wadespread decrepitation
was scen the chip was discarded Th values fora fluid define an wsochore (o1 hne of constant
molar volume) for that flmd 1 the P VT X properties Tor that Plud are known | then Thad
compositions, can be calculated using Th data. I pressure at the ume of tappig (P s

Anown of can be estimated, then trapping temperature (T0) can be detemned from this

isochore (Hollister, 1981)
. Discussion of Results

Stibnite-bearing Veins

Fluid inclusion analyses sérved to reinforce indications that the stibaite- bearmg veins
whict occur in the Yukon Antimony and Porter adits on Carbon Hill are closcly related. Both
showings contained type I and HI inclusions, which were usually closely associated within a
sample. Averages for all analytical categories arc very similar. The ThCO, averages arc the
farthest apart in absolute terms but even these two numbers are actually very closc when
standard deviations are considered. High and low values are also very similar in each category.
Salinities of the type I inclusions reflect the differenge in Tmlce averages for the two
showings, being 5.7 and 4.2 wt.% eq. NaCl for YA and Po, respectively.

The close association of type I and 11l inclusions in the vein material from these
showings indicates that the inclusions are contemporaneous. If the two types are

contemporaneous, then this suggests that CO, effervescence occurred throughout the system.
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Phos o turn means that a wmgue Prand T may be fived tor the system, because an
CHervescig ssslem s al s vapor pressure, meaning no correctuon for depth need be made.
The Prand T1aie given by determination o-l the mtersection of the isochores for the two
Hurds abter plotiing the isochores (using the data of Angus er af. (1976) and Sourirgjan and
Renneds (1962)) on a common P-T plot (Kalvuszhnyi and Koltun, 1953: Rocdder and
Bodnar  T950) € onstiuctton of such isochores gives a P value of approximately HEObars and
a Lol 230 A relativels miunor ctron i constructing the 1sochores or in determining the
bomopentzation temperatuies will vesult mnan ertor of several tens of bars for PUand a sinilar
citor for Tt For this reason, the values given above should be considered representative of
fanges Tor PUand T tespectively - Rambos et al. (1987) question the validity of this method.,
but supeest that it many sull provide a rough guide for Prand Tt

Using Swanenberg's (1979) method with the type I inclusions showed that the CH,

L4

content was less than 0,09 mole % m almost every case which means these {huds can be
considered essentially pure CO,. The average ThCQO, values for Yukon Antimony and Porter
Clums samples are 27 27 and 22 .5C respectively, which mrrcspo‘d 1o fluid densities in the
range O8> 1o 0 75g/cm’. based on the P T diagram of Angus ef al. (1973).

A total ol only seven useable inclusions could be located in the Em stibnite-bearing
vemn material, Optical properties of these inclusions were so poor that only Th data could be

obtamed. meaning that the composition of the fluid in them can not be determined with any

degree of confidence.

Galena-bearing Veins

Tt;c galena-bearing veins show a great deal of variation in one category, but are
remarkably similar in two others. The average homogenization temperatures vary from a high
of 311°C in the Dail Creek vein to 226°C in the Mt. Anderson vein, with the Gold Hill and
Mt. Stevens averages being 284" and 261°C, respectively. TmClath data determined for Dail
Creck, Gold Hill, and Mt. Stevens varied by only 0.2°C from the high of 8.0°C (MS) to the

low of 7.8°C (GH). These similar averages for TmClath naturally lead to similar salinities for
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the three vemns, e, 4. 1(DC). 43(GH) . and 4.0wt % ¢q. NaCl (MS) . Indlusions 1n the Mt
Anderson vein show no visible indication of the presence of CO,: however, Hedenguist and
Henlev (1985) have shown that even mvisible amounts of €O, may contrnibute as much as

1.5°C 1o the freezing point depression of the fluid. This means that the 6.0wt % cq. NaCl
value for salinity for this vein mav be too high by nearly 2wt.% ¢q. NaClL If this s true then
all of the galena bearing vemns would have nearly identical salinity values,

Data in other caicgoties are spotly so that valid compansons among all four vems can
not be made. Only the Dail Creck samples were sul'l’icicnl‘l.\ clear so that TmCO,
measurements could be made. but of the 16 inclusions observed only two provided ThCO,
Yata. Many of these inclusions exhibited critical behavior duting homogemzation o1
hom()g‘cni'/cd 10 a gas. This combined with the ighly variable phase rattos suggests that the
systcn; may have been near the solvus for this composition (Rocdder, T984) 1 this as true,
the homogenization temperature defines a maximum trapping pressure for this showing
(Roedder. 1984:Pichavant er a/., 1982). In such a casc. extrapolating the data of Takenoucht

and Kennedy (1965); and Gehrig et al. (1979) indicates a likely Prof less than SO0 bars.

Other veins

As was mentioned earlier. no useable inclusions could be found in the arsenopyrite
veins. A few inclusions were located which appeared to homogenize at approximatcly 270" to
320°C. bui values could not be reproduced. In addition, optical quality was so poor that phase
changes at low temperatures could not be discerned. »

The chalcedony vein on Mt. Anderson produced many Zsablc inclusions from both the
acicular quartz and the fluorite in the vein. No CO, was observed in cither type of material.
Low Tmlce, Th and salinity values are similar for both materials, but they are much lower
than any of the other veins. Salinity is so low that Th values may be applied to the pure H,0
phase diagram (Fisher, 1976) quite readily with little loss of accuracy. This gives a density for

the fluids of between 0.85 and 0.90g/cm’. A minimum depth of deposition may be estimated

for this vein using the data of Haas {1971). The calculated depth to the boiling surface of
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VI OXYGEN ISOTOPE STUDY

A . Introduction
‘

In order o delincate probable origins and relabonships among vems, ovvgen isotope
data were obtained tfrom all of the showings examined in this studyv. These data, when used 1
conjunclion with mincralogical determinations and flud inclusion analvses. provide a basis for
making reasonable postulations as 10 the source and charactenistics ol the flud (o1 fluids)
which was responsiblc for depositing the vein material in cach casc.

As only a single gencration of quartz is present in nearly cvery case, samples for
isotopic analysis were chosen from those specimens in which quartz appeared 1o be most
ncarly contemporancous with sulfide mineralization. If contemporaneity was guestionable
samples were chosen in which quartz was most intimately associated with the sulfides in the

belief that this quartz was most likely to represent material which formed at the same time as

the sulfides.

B. Techniques

After suitable samples were selected, they were crushed to the appropriate fincness,
then treated with concentrated acids and/or aqua regia to remove soluble mincrals. Heavy
liquid separation was employed on those samples in which barite constituted a relatively large
proportion of the vein material. Finally, Fe-oxides and other resistant grains were removed b’&
ha;ld-picking of the cleaned and dried sample.
Analysis of the samples was carried out by Dr. Karlis Muchlenbachs in his laboratory
u;ing the bromine pentafluoride extraction technique originally described by Clayton and
Mayeda (1963). In this technique, the quartz sample is reacted with BrF, in order to liberate
O, (possibly-according to this reaction: SiO,+ 2BrF;=SiF,+2BrF;+0,). The O, thus
liberated, is passed over hot carbon to produce CO,; which is in turn frozen out of the product

gas by means of a liquid nitrogen trap. The CO, is subsequently analysed in a mass

spectrometer to determine the amount of 'O present relative to a standard. The mass

-
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spectrometer used in the analyses for this study was a Nier type, 907 sector, double -collecting
Miciomass 60212 Results are reported 6 notavon relative to Standard Mcean Ocean Walel
(SMOW )} (Craig, 1961)  The fractionation factor for €O, H,Opised 1o calculate results was
1 0412 Analvocal crror for this laboratory, when emploving the above method, 1s gencerally

teported as O,

C . Results of Analyses

Owvveen sotope data Trom theiabove analyses are histed tn Table 2. Ve mincralogy 1s

also provided for cach sample. The data exhibit a range in values which vanes from a

¢ 21 0%, ennchment relative 1o SMOW 1o a -2 3%, depletion. Cursory examination ol the
Jdata reveals that three distinet groups of MO values are present. The first group is a set of »
yrtiemely O ennched samples from the stibnite bearing veins of Carbon Hill (CHI13, Pol4,
Fm?2. YALS) with values from + 17.4%, to 4 21.6%.. The second group includes all of the
samples of coarse-grained quartz from the galena- and arsenopyrite-bearing veins which show
a more moderate degree of 'O enrichment. The §'°O values for these samples range from

1 0.5, to +12.7%,.. The +6.5%, value seems 10 be anomal(?us as no other analysis is found
within approximately 1 3%, of it. If this valuc is ignored the range for the second group
values becomes much narrower, ie.. +9.4%, to +12.7%,. The last group of values has a
rahgc of -2.3%. 10 +1.6%,. Four of the five values in this group come from fine-grained
quartz or chalcedony samples taken from Mt. Anderson (MA9, T2-1, T2-3) and Tally-Ho
Hill (TH17). The fifth value is from a sample of vein material (Pol5) from the Porter adit
on Carbon Hill. It is felt that this sample may have been dominated by the second stage
quarts identified at this locality, but this could not be confirmed. If, indeed, this was the
case, then fine-grained quartz or chalcedony accounts for every instance of isotopically light

samples. N



Table.2 Results of oxvgen sotope analvses (See Appendin T Hor hist of abbieviations)

Sample 6(18)0 5(18)0) Temp Vein
number quartz(y,,) fluid(%,,) kS mineralogy

Normal veins

CH13 216 100 200 0 iz bar cal sub (sp py)
68 160 0
Pol4 176 60 200.0 qlz bar sub sp pmes
tm?2 200 A 1560 gtz-bar sub sp
YAILS 174 SR 2000 qtz-bar cal stibsp py
MSs 127 43 2610 qlz-gn py-cpsp
MS10 116 3.2 2010 qiz-gn-py ¢p sp
MS15 123 39 261.0 qglzgn
GHI 9.6 22 2840 qlz-py
DCH 109 4.4 3110 qle-py
MR 10 10.7 (16 230.0 qUlz-asp-py gn (sp)
23 260.0
42 3100
1H7 121 52 300 0 Uiz asp PO Sp py gn
TH LS 104 36 3000 iz asp-po sp py-gn-py-(cp)
L.ow (I8)OH2() veins | .
MAS 9.4 0.7 1260 Gle-ks-cal gn-sp-py
TH4 6.5 36 230.0 qlz
1.9 - 260.0
0.0 310.0
Chalcedony veins
MA9 223 -14.8 187.0  gte-chal
T2-1 -1.5 -15.2 170.0 chal-fl
-16.8 150.0
-18.7 130.0
T2-3 -1.9 -15.6 170.0 chal-fl
-17.2 15
-19.1 13
Th17 -1.0 ®. 147 170.0 chal
-16.3 150.0 g
-18.2 130.0 , ‘
Pol15 1.6 99 2000  quzgn ¢ s
> -13.3 160.0

L
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. Fluid Calculations

Calculated probable §7°O compositions of the parent flud (o1 fluids) for cach of the
vers for which data were obtatned provide evidence concerning the source and/or evolution
of these Tluds . The calculations are performed using the quartz - H,O fractionation cquation

_m'\'vlnpul by Matsuhisa, ¢t al (1979) . which is as follows:
1000Ina 3.34¢107/1%) 3.31 (bq. 3)

whete 17 s the temperature of formation in K|t this case derived from the average
homogentzation temperature for cach vemn taken from the fluid inclusion study described 1n
Chapter Vo Using this equation allows the actual calculation of the probable 60O content of

the parent fHuid from the relation:

! NENE! K1Y N
1000Ina=4 ()Q ; 5O (Eq. 4)

I H,O)

where é)”()( , has been determined analytically (Table 2). The results of the calculations are

21
listed in Table 2. For recasons explained in the previous chapter fluid inclusion data could not
be obtained f'or some §;~mens therefore several 6”0”70 values (calculated using various
temperatures) are listed for some samples. These values were obtained using inferred
temperatures of formation. The reasoning behind the choice of temperatures in each case will
be explained in the following discussion.

The errors inherent in calculating 6”0}110 val‘ues, which are derived from both the
§"0 analvses and the Th measurements, mean thal any particular 6“0}110 value is only
accurate to approximately +1%,. For eXamp‘le, an error of +10°C in the Th used will result in

an error of nearly 1%, in the calculated 6“OH o value.
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k.. Discussion of Results

Normal Fluids

For the most part, §"*O values of the ore [Nuids fall in the range + 2.2%. 10 4 0.8%:
The CHI13 sample gives the highest values of + 10.0%, and‘ + 6.8%,. but these values are based
on temperatures from other showings on Carbon Hill, since no usuable fhnd clusions could
be found in CHI3, itself, or in associated samples. Due to the uncertamnty in the true
temperature value, the lower figure will be used subscqucnll): in this paper. This 6“()“:“
range appears o be continuous for all vein types, but as can be seen in Table 2, no
galena-bearing vein has a reliable 6”0}{)(;4’;:11:0 greater than + 4.4%,. while no
stibnite-bearing vein has a valuc less than +5.1%,. The 0.7%, gap bctween these two numbers
is rather small, possibly insignificantly so, in light of the numerous sources of crror and the
many appraximations .thal are inherent when combining fluid inclusion and stable isotope
data. However, when the averages of the 6”0}{7() values for these two groups are compared a
dif't'crence. of 2.3%, is scen, i.e.. +3.6%, vs +5.9%,. a difference which may be significant.
Since no fluid inclusion data could be obtained from the Mt. Reid (MR) samples, 6”0“1“
values were calculated usi\ng temperatures derived from other galcna—bcaring/ veins. Values fbr '
the arsenoﬁl&beéring veins are highly speculative, being based on only a few

non-repeatable Th values; therefore they were not included in the above comparison. If these

data are included, the difference becomes 2.1%, and the lower average, +3.8%,.

Depleted Fluids
’ As mentioned earlier, several samples produted 6"OH o values which do not fall in
the range mentioned above, all being lighter than the other sampies. These samples come from

Mt. Anderson (MAS, MA9, T2-1, T2-3), Tally;Ho Hill (TH4, TH17) and the Porter adit of

"Carbon Hill (Pol5). For the majority of these samples (T2-1, T2-3, TH4, TH17, Pol5) no

fluid inclusion data could be obtained either due to a lack of suitabS inclusions or to the

extremely fine grain size of the sample material. While usable inclusions were found in sample
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Pols. these mclusions were present only in the coarse - grained [irst generation quartz, not in

the fine grained sccond genceration material which made-up an unknown proportion of the

sample on which §*0 analvsis was performed. Calculated b”()“ O values for these samples
:

are all hughly depleted when compared with the other group of values discussed above. Only

one value ( 'H4) s greater than zero, but this is the result of an hypothetical formation

temperature mﬂh probably too high.

Mt Andcrson

Two of the MU, Anderson samples (MAS. MA9) provided suffictent fluid .
inclusion data so that direct calcultion of the 6”0111() values for these samples was
possible. On the other hand. samples T2-1 and T2-3, which were composed of chalcedony
contamed no usable inclusions. Thus. indirect calculations were made using three
difterent p(;s.\ihlc formation temperaturces for these latier two samples. The highest
temperature chosen (170°C) was the approximate temperature of formation derived from
the fluid inclusion data of fluorite samples ftom this locglity provided by John Biczok of
Noranda Exploration Company, l1.1d. This fluotite is intergrown with and is being
replaced by the chalcedony in the sample provided. Radial clusters of acicular quartz
crystals in contact with chalcedony are also present in this sample, but this type quartz
viclded temperatures of homogenization which averaged bver 185°C in similar material
from sample MA9. This temperature is higher than the 180°C maximum formation
temperature for chalcedony given by Fournier(1985), therefore the 170°C temperature
derived from the fluorite samples was deemed more reasonable as a maximum formation
temperature in this case. In recognition of the fact that the parent fluid could well have
deposited the chalcedony at a much lower temperature, the calculations were performed

» for 150°C and 130°C for comparison purposes.
Talty-Ho Hill
”

Formation temperatures are even more speculative for the Tally-Ho Hill samples

(THA4,; T{l/-ll?) as no suitable fluid inclusions could be located in any material from this

e

-y
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showing. Due 1o this defictency of data, 6”()”1() values for the two samples were

calculated using temperature data from other veins in the valley which appear to have

mincraltogical and/or textural affinitiecs with these samples. For the coarse - grained

material (TH4) 2207, 260" and 310°C were chosen since these temperatures represent the

range seen in average homogenization temperatures for galena-bearing veins. Because of
w& .

the chalcedonic nature of the material in the second sample (THi17) the same

A
temperatures were used in the calculation of possible 6”()”.‘0 values for this sample as
were used in the calculations {or T2-1 and T2-3 from Mt. Andcrson.

B

i

(;arb():x Hill

The case of sample Pol5 is the most enigmatic of all because of the astonishingly
low enrichment of this quartz in '*O, relative tosother samples from Carbon Hill. As

\ .

discussed in Chapter V, flui’{inclusion cvi@?ncc suggests that the first generation quartz
in the P9rler adit showing is probably contemporaneous with the quartz of the Yukon
Antimony vein, but the affinity of the second géralion r;lalcrial is unclear. To use a
formation ‘émpcralurc of =200°C in the calculation of 6"0 for Pol5 based on the
relationship suggested abovg does pot scem logical for this low §'*O quartz. There is no
indication that the much coqler temperature (157°C) derived from the Goddell's Clalms
(Em) samples is any r_nore'éppropriatc; however, for lack of any better data, 200" and

160°C were used merely 1o give an indication of the pgssible §''O composition of the

parent fluid.

Present Day Meteoric Water

Present day meteoric water in the southern Yukon has §'*O values in the range of

-22.5%, to -17.5%, and 8D values-of -170%, to -130%, (Sheppard, 1986; Taylor, 1979; etc.).

These values are based on the systematic variation of the '*O and D content of meteoric -

: ' -
waters with latitude and elevation; as one or both of these parameters increases so too does

the magnitude of the depletion of both *O and D (Craig, 1961). Dagenais (1984) reports a

510 value of -21.4%, for a well Water sample from the Dezadeash map area which adjoins

3
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VIE DISCUSSTON AND CONCLUSIONS

A loetroduction

The petrologic . Hhaod mdusion and oxvpeen isotope data, when considered together
mdicate that the Wheaton Kover, vemn system s more comploy than fust unagined by the
author (B 18 These data also serve 1o pomt out that mote work must be done m the
alloy by future worhers before many quesaois will be defmiivels aoswered - With the data at
Tk however 11 possible 1o make some reasonable postulations as o the genesis and
sebionships among the vatious vans '

Current consensus (Sheppard . 1966, Tavior, 1979) seens to indicate that the meteoric
water e tas remated essentdhy constant throughout much of the Phancrozowe (espeaialhy
the Mesozore and Cenozorl ) with ninor shults being hkely over tume, but at alt umes

. »
possessing the samie slope However . this obvious!y does not mean that 870 and 61 values of
meteorte waters for ans partuculat geographic arca have not changed through tme. Tectoni
movements will Gruse both latitudimal and clevaional changes as plates shif t over the carth's
sutlace Changimg cimatic conditions (wind directuion, huniadity, cete.} will also have
considerable effeces on stable 1sotope variations (H.P. Taylor, 1979).
~ As the deposits of the Wheaton River valley are all Cretaccous of younger in age,
some estimate of the stable isotope content of the meteoric waters of this ume period is
necessary in order to make valid comparisons. Dagenais (1984) has conclud®d lﬁal -16%, 18 a
reasonable value for the 'O content of meteoric water in the Whitehorse Trough during
Cretaccous and Tertiary times. ata obtained from their Skagway -Carcross traverse led
Magaritz and Taylor (1976) to calculate a value of -120%, for 61> of meteoric fluids in this
arca during the carly Tertiary. Walton (1987) reports a 8D value of -159%, for a sample from

the Venus Vein on Montana Moumain. These two values are used as the upper and lower

hmits for §1) of fluids in this study plotied on Fig. 14.
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Models for Vein Deposition .

Coalena-bearmmg Yers

Motcorte Denvaton

I he sotopic vadues for the galena beanng vens mayv be eaxplained by three parent
thod dernvation models Calealated (\"()” O Jdata tor the these veins, on the whale, show
considerable ennchment i 7O relative to the assumed 1%, value for pristine meteori
waicl  Lhe ennchment s on the order of ¢+ 0%, for galena-beanng veins (assuming an
aveLayd (\"()”“ value ol + 3.6%.). The ennchment in Q. which the fluids for most of

=
the panapal showmps exhibet indicates considerable water/rock-interaction. This
cnnchment o O Shift” has been noted 0 many modern geothermat arcas (Craig, 1963;
favior, 1979 breld and Bifarck | 1985 a;lg ) In lh;‘sc mstances no complementary shift n
D) values . at least to anmy appreaiable extent, 1s seen thereby indicating that these
peotheimal Tlurds are dommanth of metconic origin. No §7) data were obtained for these
vemns duce o a lack of suttable material. Hydrogen isotope analyses i)rovi«jc data which
allow a more defimmuve statement of Tlind ongins 1o be made, since 1D/H ratios of the
{luid in a hvdrothermal system will be only slightly affected. in general, by exchange with
the host rock ¢ue 1o a paucity of primary hydrous phases (Ohmoto, 1986).

The O shiftas considered 10 be due to the interaction of meteoric fluids which
arc initially 1sotopically light with reservoir rocks that are relatively enriched in xle)
{Tavlor, 1979; Kerrich, 1987; etc.). The water/rock ratio of a system is an important
factor in determining the magnitude of the '*O shift, i.e., relatively low W/ ratios
produce greater shifts (Ohmoto, 19%86). This is due to the fact that oxygen makes up

4
necarly 50% of most crustal rocks (Kerrick, 1987) meaning that these rocks intrinsically

possess a large capacity for influencing the §'*O isotopic compositions of inferslitial
fluids. The process of deep circulation and exchange of meteoric waters in geothermal .

arcas has been extended by analogy 1o many types of hydrothermal ore deposits (Taylor,

‘1974; Bethke, 1984). In addition, Walton (1987) has postulated a deep circulation model
.



for the Venus Ve svatem of Montana Mountam, immediately to the south of the
Wheaton River district. Nesbhitt er af. (1986) have stated that both epithermal and
mesothermal tvpes of d(;pn.\n_\ 1 the Canadian (‘()ldllléﬂl{ for which they have data were
formed f1om O evolved meteornie fhinds, the mesothermal flutds experiencing decper
circulation and concomitantly greater 1sotopic eachange than epithermal fluds . Theietore,
the hyvpothesis that the mineralizing fluids which deposited the galena-beaning veins i the
Wheaton River dl.\‘l[;Cl were derived {rom meteoric waters does nol secm unreasgnabic,
o
This 1 gspeaially true i light of the fact that the district is sttuated between the Shakum
and N‘om;um Mountain deposits: both of which are considered to have beep formed b\

micteoric waters. s acknowledged that without further data this hvpothesis lacks

certaimnty.

Magmatc Denvation
Another pla'u.xiblc eaplanation which would account for the high 6”0“:” values

seen would be a parent fluid which contamed a high proportion of primary magmatic
waler which possessesd 6“0}“) range of =+5.510 +9.0%, (Sheppard, 1986). Primary
magmatic water could have been derived from one or both of the magmatic systems
which were responsible for the Skukum Volcanic Complex and the Bennett Lake Cauldron

"N ' »
Complex. Deposition of vein material from fluids with varying primary magmatic water”
content§ has been postulalcd\‘for a number of base-precious metal vein deposits, i.c.,

Casapalé_a, Peru (Rye and Sawkins, 1974); Sunnyside, CO (Casadevall and Ohmoto,

1977); and Creede. CO (Hayba, et al., 1985) among others.

Metamorphic Derivation
Yet another possibility is that metamorphic fluids made up a considerable portion

of the parent fluid. Metamorphic fluids would have been generated during the accretion -

of Terranes I and I (Monger ef al., 1979) f ron‘] mid - Jurassic to early Tertia‘ry. There is'a

A

great deal of uncertainty associated with the calculation of the isotopic composition of

‘ideal’ metamorphic fluids due to the extreme variability which is possibie in the protolith

L)

‘>
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and 1ts pre mctamorphic history (Ohmoto, 1986) . Mctamorphic Huids have been mvoked
as the prncipal ore fornung fluid in ondv a few instances: most pertunent o this

Jdiscussion is probably the Mother Lode tvpe deposits (BB Tavlor, 1987).

r

Low O Galena-bearing Veins L

I he (‘)”()” o values denved from the Mt Anderson and Tallv-Ho Hill samples scem
1o mdicate that addivonal factors were influencing the depositiion of these veins as compaied
to the svstem ((;1 svstems) which deposited the other galena-bearing veins. As was stated
c;nh;r, the 6"’()”“ values for the Tallv - Ho Hill samples are highly speculative, but the values
For samples from of Mt Andetson are considered 1o be more reliable. As can be seen. the
0 /70 of MAS s =237 lower than the neat lowest g.’xlrnra-bcaring vein sample (GHI1) and
neath 8%, lower the average for this type vemn. Only the highest ini'crrcd temperature (310°C7)
produces a b‘*()“ 0 value for TH4, that is not negative (0.0%,); in ali probabilily, the true
value s lower than this. Chaleedony . which gives 6'“0”‘() yalues (-1‘5\"(,(, 10 -19%,) lhalfre

very cdose 1o the assumed value for pristine meteoric water no matter which formation

’ 4
temperature s chosen, 1s found at both localities. Although the exact spatial and physical
relattonship of the chalcedony relative 1o the coarse-grained quartz ts unclear in both cases, it
scems more than fortuitous that the former is present in the two localities where the latter has

produced the lowest 6”‘0“ O values.

~ Fluid inclusion evidence also tends to«support the indication that the Mt. Anderson

“ A

véin was influenced by other factors during deposition. The average Th value for the ML.
‘Andemson vein (226°C) is ncarly 40°C below that of any other galena-bearing vein. In

: L)
addition, no visible CO, is present in this vein, while the opposite is true for every other
galeng-bearing vein. If, as stated before, undetected CO, is present then salinities are the
same; however, if no | CO, is present, then the Mt. Anderson vein is more saline by nearly
2wt.% NaCl. : ’ “.

L 4
If the chalcedony vein on Mt. Anderson was part of this low §'*O portion of the

system, then the presence of fluorite in this vein may be further proof that mixing with

A}
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dilute, tow temperature meteoric water Yok place. Richardson and Holland (1979) showed
that fluorite has retrograde solubility i low salimty solutions. This means that as an mtally
cool meteorie Tuid is warmed, Huorite will preapitate as long as NaCl concentration does not

rise abruptly. Theretore, if mixing occurred gradually in the system fluonte deposttion would
-~

be cxpected.

A mcckh_amsm which would explain the extremely Jow b”()” o values would be mining
of a near surface reservoir of 1sotopically light metcoric water with the more evolved waters
from depth which deposited the ()lhcir veins. Such a reservoir could take many forms, ¢ g

|
something as simple as a local depression in the ground water table o1 something as exotic as
the presence of a nearby micteoric dominated cpithermal system (Skukuni) . Al that s
necessary is that a farge amount ol meteoric waler comes into contact with the ore tormung
fluid. whatever the nature of the reservoir. Such a mechanism, Whi(-“h may have been
facilitated by the numerous minor faults and fractures which are present throughout ‘hc
valley, would obviate the necessity of calling upon entirely separale circulabion systems as an
explanation for léw values. Thc.se faults and fractures would have functioned as conduits for
the upward migration of evolved fluids and would also have served 1o localize mineral
deposition. Mixing of fluid types is considered to have occurred in a number of deposits;,

among them, the Creede district, CO (Bethke and Rye, 1979); the Finlandia vci(w, Peru
o‘e of these

£ . . .
examples deals with the specific case of the p’gsence of chalcedony or the extreme difference

”

(Kamilli and Ohmoto, ‘1977); and Pasto Bueno. Peru (handis and Rye, 1974). N

. “ \ o . o . .
in ?”OH o values; nevertheless, the,documentation of fluid mixing is considered pertinent 10
, _ .

- 4 . . ’
this situation. .

Immiscibilit;' and Overprinting
Of the other factors which would be exerting influences to lower the §''O values
‘ of these véins, the most likely are CO, _lqss due to immiscibi{ily and ov.e;irinting of older
* material By younger fluids. The effect of CO, loss, which is due to the pref erential
i fractionation of *O to SJO1 versus H,0, is less ‘stréightf orward, being dependent on both

temperature and initial CO, concentration. The findings of Kerrith (1987) indicate (hs@

.'.%(4," N

. s . . . o e
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the Toss of 20 mol % CO, would tesult in a 3%, depleuon of the remaining fluid at a
temperature of 300°C. Applving this mechanism on a district wide scale (at least in thas
Case ) 1s very questionable; however, application to a particular locality may be entirely
appiopriate. As was discussed in Chap. V| fluid indlusion evidence sugggsts that the Dail
Crech Gold Hill vein system may have experienced mmmiscibility during its formation at
approvinatehy 300-350°C 1 this is the msc,»lhc Dail Creek showing (6”0“:(): t4.4Y,)
wu-x-ml represent the region of the mmnuscibihity depth, while the Gold Hill showing
((\'”()”“()' ¢+ 2.2%.) would represent the depleted fhud above this depth. It the

galena - bearing veins of MU Anderson and Tally-Ho Hill are part of the same vein system
as the Dail Creek  Gold Hill system, CO, immiscibility might account for a portion of the
() depletton seen in these veins. They would, of course, represent an even higher and
cooler part of the system than the Gold Hill showing. Another mechanism. such as

miing o1 overprinting of near-surface meteoric water with deeper {lnds is sull necessary

1o account Tor the tow 'O chalcedony, found in these two Jocalities.

.\"Iibniuhbcaring veins

" lhc‘slibnilvbcarmg veins of Carbon Hill are also part of an extended system that
deposited the other, vein types, then the sysl‘cm must have been affected by additional factors
in this locality. These factors are necessary in order to account for the enriched 6“OH2()
values, the lower Th values. and the CO, data. Of the sources of 6”0‘enriched {luids
mentioned earlier (deeply circulated meteoric, magmatic, and metamorphic), the first two
seem 10 be the most likely contributors in this case. The shear zon'hich ho-sts the vein could
have served to cgannel either fluid type l‘o' the point of deposition. Because these veins are the
most closely associated with the Tertiary.volcanics of any' vein type, a significant magmatic
contribution is easy lo imagﬁxe. However, magmatic fluids would probably élsb calise an

increasé’m salinity (Ohmoto, i:986) th_ch is not the case here. For thij reason, a deeply

circulated, more highly evolved meteoric fluid is the more likely eontributor to these veins.
f
N .

(] .
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The b"()“ O valuc given by sample PolS may also be the resuli of the mixing ol

[lurds on Carbon Hill, but the situation is less clear. It was noted carlier (Chap. IV) that the
only sulfide found in this sample was galena: there was no stibnite, which had been identified
i all other samples from this locality. In addition. this sample was taken from a small veinlet
whose relationship to the princigal vein in the Porter adit was unclear. The (WO veIns

- -
appeared 1o be parallel, but exposures were very limited. 1t is possibie, for lack of definite
proof onc way or the other, that Pol5 rcprcscn:s an cvent enurely unrelated to the
stibnite -bearing veins. It is possible the replacement textures so prominent in samples 6!' the
quartz from this vein indicate that overprinting of the original material by ﬂuids\(‘mm the
Skukum system has occurred. A

’

The lack of 812 data puls a severe limit on any interpretation of the alfinties of
Wheaton Rivcri;rrlg)win;as with oth@ known deposits. but some inferences may be drawn [rom
the 60 and Hu‘id inclusion data. The data suggest that .lhc principal sulfide -bearing veins
were deposited froﬂrré'()'mplcxﬁs‘_\:swm (or systems) which was sustained cither by a single
fluid which underwént varying degrees of evolution due to changing physical and chemical
conditions or by several fluids drawn from different sources which cyperienced variable
degrees of mixing and evolution. Given the complex na\t\ure of the district, it is possible that
the veins represent a hybrié or overlap of the mesothermal and epithermal systems described
by Nesbitt, et al.‘,(l986). That such a hybrid is possible ift this arc;l, where .Tcru‘aril felsic
" volcanism is iq such close proximity t‘o interplate suture;zones, js unfque_stionable. The 6“O”LO
value ranges given by these authors are -14 to -7%, and +5 to +9%, for epithermal and
mesothermal respectively; although the ranges a}e riot restrictive (Nesbitt, pers. comm.).' of
the values seen in the present study, only those from the stibnite-bearing vei'ns of Carborl Hill
(+5.} to +6.8) fall Qithin either range, namely, that of the mesothermal type. All other
: yalueg, except for those derived from chalcedony, lie somewhere ‘ween the two ranges with

several within less than 1%, and most within a few permil of the lower limit ( +5%,) of the

mesothermal type.

- ) . L o)
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Walton (19%7) obtained similar values for oxygen sotopes and fluid inclusion data of

fluls from the mesothermal Venus ven ,sysldn on Montana Mountain as those for the

palena bearmy vens of this study - She felt the low $*O value might be explained by the

~

mteraction of the fluids with a felsic volcanic host rather than the sedimentary units which

. 3
host the deposits of the Nesbitt study . Felsic host rocks may also,be one factor leading 1o the
lower f)“()” ( values seen in the galena-bearing veins of this study, when compared to those

of the Nesbitt study While 80 and fluid inclusion values from the Venus mine arc very

sunilar 1o those trom the present study, it is acknowledged that the samples from the

-

Wheaton River Valiey are drawn from a wide arca and from veins of variable mineralogy and
Chengistiy . so that any comparisons are made with a’certain amount of caution,
in summary . the ambiguity of the isotopic data and the apparent complexity of\lhc
. .

vern svatenis precdudes any easy eaplanation of vein relationships based solely on the data of »

©

Cthis study. By invoking fuid mixing and CO, immiscibility, it is possible to argue the

3 . -
conceivability of a single all-inclusive system that experienced variable degrees of both

processes at different times and different localities. 1t is also equally possible to postulate a
number of unrclaed vein forming events occurring through time. As has been mentioned
several times, 81D data are necessary (o make definitive statements about fluid origins. In
addition, a systematic drilling program is probably necded in order to delineate various Lrgnds

at depth. since data for this study was restricted to samples obtained at or near the surface in
p , : p ' :

many localitics.

-4
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Appendix 1

1

I'he Tollowing abbreviations were used wheR appropriate in the text.

Mincral abbreviations.
Quartz - -quz

Barite- -bar

Calcite - -cal

Stibnite - -stib
Sphalerite- -sp

I*rite- -py
Galair--gn
Chalcopyiite--¢p
Potassium feldspar- -ks
ATSCNOpPYTile - asp
Pvrrhotite- -po
Jamesonite- - james
Chalcedony - -chal
Tetrahedrite- - tet
Gold--Au

Fluorite- - 11

L.ocality abbreviations.

Carbon Hill--CH

Porter Claims{(Carbon Hill)--Po
Goddell's Claims{Carbon Hill)--Em
Yukon Antimony(Carbon Hill)--YA
Mt. Anderson--MA

Trenches on Mt. Anderson--T1 T2 etc.
Mt. Stevens--MS

Tally-Ho Hill--TH X
ldaho Hill--TH

Gold Hill--GH

Dail Creek:-DC

Mt. Reid--MR

Abbreviations used for reporting of fluid inclysion results.
Vol%H?20- - Volume percent H,O/brine in inclusion
Vol%CO2(1) - - Volume percent CO, liquid
Vol%G02(g)- - Volume percent CO, gas

Vol%CQO2(t) - - Volume percent CO, total, where gas/liquid boundary not distinguishable

TmCO2--Melting temperature of CO, solid

Tmice- -Melting temperature of H,O/brine

TmClath- -Melting temperature of CO, clathrate

ThCO2- -Homogenization temperature of CO,

Th- -Final homogenization temperature of entire inclusion contents

Wi%NaCI(f pd)--Wenght percent equivalentNaCl based on freezmg point depressmn of

H,0/brine

Wt%NaCl(Clath)- Welghl percent’ equnvalent NaCl based on melting temperature of CO,

clathrate

94



N Appendix 11

Fluid incll{sion data.

Inc size- -longest dimension of inclusion

Homog type--only noted for inclusion that homogenized other than by
complete shrinkage of bubble; mf(meniscus fades), mf-c(bubble cnlarges to an extent before -
fading), mf;s(bubble shrank)

.
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