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r. ‘ . Abstract o . o
The Venus Au-Ag-Pb- Zn vein is hosted in Late Cretaceous, tntcrmediate volcanic

rocks of the Mount Nansen Group. The vein consists of quartz arsenopyrtte and pyrite, with

kss_lzr amounts off%phalertte and galena. The andesiticto felsic wallrocks~arc hydrothermally

altered to a sericite-carbonate-quartz-pyrite assemblage, with local pods of intense clay

alteration. oo 1 : ! o= e
. I

N
.y
|

&

The paragenesis can be dtthed into two mmeralogtcallv dtstmct stages: Stage I - carly

quartz arsenopyrtte and pyrite, and Stage II - later quartz sphaleme galena and gold Gold
"and galena occur together as f racture fillings or replacements in earlier deposrted arsenopyrtte
and pynte Steeply plungmg ore shoots, which are not vrsually apparent, comprtse 20% of the
vegn and typically contain both Stage I and’ Stage I mmeraltzatton ' ) "f
Stage I fluid inclusions are characterrzed by homogemzauon temperatures of 290C or
greater, moderate CO, (17 mole percent), and low salmtttes (3t 4 werght percent NaCl
equivalent) Relative to Stage I, Stage II'fluid-inclusions are cooler (260'C) CO2 depleted and
‘may have ‘been more saline (up to-7.5 wetght percent NaCl equrvalent) Vartable H,0-CO,
rattos mdtcate that sporadtc ef f ervescence occurred during Stage II. Influx of Stage Inf lt,uf}
and subsequent base_ metal-gold precipitajion was restricted to open parts of the vein.
— Sulphide yrecipitation and"loss %st from sporadte effervescence generated a

sulphtde deficiency in the fluid, and subsequent breakdown of Au(HS); complexes, Gold"

. precrpttated with galena in the last stages of mmeral deposition. “Pref erenttal precxpttatton of

gold and galena' near pre- extstmg arsenopyrite and pyrite may be due to electrochemtcal
T—

interaction between 1de grain surfaces and the hydrothermal ore f'lutd

An enrichment of “O in the Venus quartz depositing flutd (+10 to + 14%0) and "

preliminary 8D data (-159%,) suggest a meteoric-hydrothermal origin for the fluid. Pressurc

estimates from fluid inclusions average between 1000 to 1300 bars, indicating a depth of
At . N
f ormatlon of at least 3 km, The high §'*O values are probably a function of extensive

T,

water -rock interaction at htgh temperatures and depths.:
: rd
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1. INTRODUCTION o

A. l’urpose of Study

.

Thc Venus Au 'Ag-Pb-Zn vein 1s located 120 km south of Whrtehor\c Yukon, in a
region of latc Cretaceous volcanic rocks known as the Montana Mountain volcanic complex

(Roots, 1982). The vein is a simple fissure-filling containing massirvuo crystalline quartz and

[N

Igsser-amounts of arsenopyrite, pyrite, sphalerite and gs'cna. Arsenepyrite and rp)((r,ite, the

most abundant sulp’hides, occur in crude bands oﬂenses on the outer edges of the vein.

w 4

Sphalerite and galena occur sporadxcally uSually‘m pods near the center of the vein or

N

infilling mtcrstmal spaces between quartz crystals. - _— SN

* . e

10n at’ Venus xs concentrated in steeply plungmg ore shoots within the-.

vein structure Ore shbots are those parts of the Venus vein that contair a higher

concentrauon;o‘ gold and srlver relattve to the rest of the vein. Ore shoots comprise

approxrmately 20% _I“;"thee Venus veth (dependmg %n the current price of ,precrous metals) and

are def’ mcd solely on the basxs of assay data

— .
~ : oo
~ . . « B &

‘/» The purpose of this study u‘i.as to examine the mineratogy and fluid inclusious in the

deposit, and cstablish physrcal and chemical controls on the drstrlbutnon of ore shoots wrthm

o2

qf
the Venus vein structute. The majdgrobjectives of the study wcre as follows

1. Determine pctrographically the relationship of gold to the other minera] phases -
especnally arsenOpyrlte pyrite, sphalerlte and galena.
2. Determme t?e composmon temperature and pressure of the mmerahzmg f lu1d "\

3. Consolidate research data into a model for ore shoot formation.

 Fieldwork was carried out over a six week petiod in the summer of 1984. Each of the

five levels in the mine was systematically sampled. The mineralogy, structure, texture,

.



| dlteration and other features were noted at etich sample site. When the vein could bc
subdivided on the basis of mineralogy, texture, or some other feature, scparate samples were
taken from each zone.' A number of surf ace traverses were made to mvesugate and sample thc‘
. volcamc host rocks and the outcrop of l’enus vem Visual comparisons with other vein
systems in southwestern Yukon and northwestern British Columbia were made during regional
exploration, * | a |
The mineralogy ahd paragenesis of vein mineralization were determined using thin
sections, polished mounts and polished thin sections. The terhperafure, pressure and
- composition of the mjnersl‘fiing fluids were-detcrmined by fluid jnclusion analysis 3f \iein
quartz and sphalerite. The isotopic nature of the mineralizing fluid was determined by

v

examination of §'*0 and, to a'lesser exte}nt, 8D values of vein quartz. .
. | |
B. Location Aecess and Physiography S .
The Venus deposit, located 120 km by road south of Whrtehorsc is hosted by Mount
Nansen Group volcanic rocks (Flgure 1). In this study, "Montana Mountain area” refers to
the regron ‘north of the Yukon British Columbia border and bounded by Bennett Lake on thc
west and Wmdy Arm of Tagish Lake on the east. "Montana Mountain volcanic complex”
"ref ers to Mt. Nansen Group volcanics, which dommate the region. The Venus mine is situated
at lautude 60°01' N and longltude 134738"' W (N.T.S. mapsheet 105D/2) on a stecp, southeast
facing slope overlookin mdy Axm (elevation 655 m) Access to the minesite 1T7(lona'1kc
‘ highvlray No. 2
The Montana Mountam area ts an upland plateau containing abrupt changes in
topography caused by stream cuts and c1rques Lower slopes show signs of* contmental ‘
glacratron, but upper regions are covere_d with glacx,al till. B_edrockrexposure is largcly confined

to stream cuts and steep cliffs.
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C.V_Pr.‘evious Work . | . ' ,, '

LI

The first published descnpttons of the Venus vein were written m thefarly 1900's by

il government geologlsts"McConnell (1906) and Catrnes (1907, 1908, 1917) dCSCl‘le the

loCatton general geology, mine geology and mine developmcnt for several of the veins on

Montana Mountam mcludmg Venus A descrlptton of precious metal veins in the Whealon

K Rrver district and the Wmdy Arm district is provided by MacLean { 1914) An carly ‘report on

‘ the geology of the Whltehorse area was written by Cockf ield and Bell (1929) Wheeler (1961)

performed reconnaissance mapping of the Whitehorse mapsheet, and tdenuf ied’ ma jor rock
units and contacts. . )] .

~ In the late 1960"s and early 1970's " renewed activity at Venus by Venus Mines Lud.,

'generated addttlonal publications. Private company Teports (MacDonald 1967, Macl)onald

1971; Scott 1974) and government reports (Findlay, 1967 1969a, 1969b) contam descnptlons
of the geology of the deposxt and mme development during this ttme penod

In the 1970’3 the first detalled studies relatmg to regional geology were done. Lambert

'(1974) studied the. Bennett Lake caldera 20 km west of Montana Mountain.- The geology,

t
structure and geological history. of the Atlin Terrane were descrtbed by Monger (1975). Age

“

. dating of the "Carcross pluton" in- the Montana Mountain area was 'inclpded in a study of age

In the 1980’ s Dagenais (1984) studted 80 values of gramtoxd lntrusxons in. the

Whitehorse Trough. The Mount Skukum volcamc comple} in the’ thalon River district has

-

‘been mappe by Pride (1983) Current research on the economic geology in the Wheaton

River distrift includes an investigation of the Mount Skukum gold deposit (Mcponald et al.,
. ’ il

1986) and/a tegional metallogeny study of the Wheaton River district (Rucker pers. comm.,

1986).
he Venus deposrt was mcluded in a study of element zomng in Yukon prccxous metal
vein d posns (Morin, 1981) and ina regxonal study of precxous metal vein deposits in the

Bennett Lake area{(Schroeter, 1986). A B.Sc. thesis on the mineralogy, zoning and alteration

[P

N

e ———



. of the Venus vein was done by Ralfs (1975). Roots (1981) described the geological setting of
Au-Ag veins on Montana Mounta_in and did a detailed étudy of the Montana Mountain
volcanic complex (Roots, 1982). The geostatistics of the Venus vein system are curréhtly

being studied by T. Stubéns (Stubens pers. comm., 1986) .

*D). History of ‘the Venus Mine | L . : ““‘\‘
‘ The following history of the Venus Mine is summarized from private éompe}-ny rg%ports
(Watson, 1979; Prince, 1984b) and government publications (C:girnqs. 1907. 1908, 191':/).-
Mineralized {loat was first discovered on the siopes of Montana Mountain by |
prospectors on the T?gish. Lake part of the White Pass Trail to thé Klondike gold f ields".‘ In
1900, the Venus vein was discove{ed by two young prospectors, Jack Stewart énd Jack‘i’ooly.
In 1904, Stewart and Pooly sold the VENUS clairﬁs to Colonel J.H. Conrad for $120,000.
| Colongl Conrad aéquired other Au-Ag veins on Mentana Mdimtain and be.ggn.prelixilinary
development work on the Momaﬁa, Joe Petty, Uranus, M & M, Thistle, Humper, Nipper,
Float, Red Deer, Mbumain Hero aﬁd Aurora showings. By 1906, development ’WOrk .
concentrated on three i)ropcrties, The Big Thing, Montana and Venus. The town of Cbnrad
was-built on the shore of Wiridy Arm, and’aer;gal tramways up -to 6.4 km long Were built to
‘ferry supplies to the minesites. Extensive mining was dqné on the V’er—l‘{xs #2.i>art of the
Venus vgin. A 465 m long, double aerial tramway was built to carry ore from Venus #2t0a
gravigy_concentrating mill on Windy Arm. It is estimated (Cairnes, 19i7) tk_lat from 1905 to.
1912, 6,000 tons afsore, were taken from Venus. In 1912, Colonel Con.r_ad was forced into )
bahkruptcy after s};ending $750.000.developing the Windy Arm propergtiesa‘bevelopment, work
on Venus and other. éhowings ceésed, and by' 1913 Conrad became a ghost town.
In 1916; the Harper Syndicate acquired the rights to several of the claims, and ,
produced 2,700 tons of 0.64 oz./ton Au ahd 68.20 o‘z./tonA Ag until prodliction ceas’ed in 1920
(Prince, 1984b). R

Very little prOduqtion work was done on the depo'sit until 1966.,B‘etw°een 1919 and

11963, the deposit was investigated by Treadwell Yukon Mines Ltd. in 1919, Hollinger in 1922,

s

——



| Yukon Gold Mines in 1928, and Giant Yéllowknifc Mines Ltd. in 1963.

In 1966, Venus Mines Ltd. began development on a different part of the Venus vein,
called the Venus Extension. This section of the vein conrains the present day mine workings. -
Two crosscuts were driven, and a gravel road from Carcross 1o the minesit¢ was compléted jin
1969. A 300 ton per day mrll was built and operated briefly umtit-1971, when insufficient
.mlllf eed, lack of capnal low prices, and environmental proplems forced closure of the mine- '
While in operation, the mill treated 23,500 tons of ore grading 0 68 oz./ton Au, 3.30 oz./ton
Ag, 7 .4% Pb and 5.0% Zn, and 41,435 tons in 1971 grading 0.22 oz. /1on Au, 6. 47 oz./ton Ag

"1.6% Pb and 1.1% Zn. ‘

In 1975, the claims were acqurred by the Taglsh Lake Syndicate, which optioned the

property to United Keno Hill Mines Ltd. in late 1978. The company resampled old workings

\ ‘
and began an underground and surf’ ace exploration program. Construction of a new 100 ton
3

' ﬂper day mill began in 1980 i in response to rrsmg precious metal prrces ;\'ﬁmjng oper{mons were’
to.begin and the mill was vrrtﬁally completed when' f allmg precrous metal prices orc;d x‘c);losure
of the mine bef ore the end of 1981. In 1983, a small surface trenchmg program was designed
to examing the surface projection of two strong ore shoots (Prince, 1984a). ln 1984, a surface
and underground errpl.oration‘program was carried out. Two drifts, two raises and six
subdrifts were completed‘ (Stirling pers. comm., 1984) and new orc shoots were | ound‘in the

-north f)‘;rt of the vein system. Other verns on the property (Uranus, Ruby Silver) were
drilled. ]."here has been no work done on the property since 1984. .

Current ore reserves now stand at 68,300 short tons grading 0.32 oz./ton Au, 8.9
oz./ton Ag, 2.45% Pb and 1.46% Zn. This.includes 15, OOO tons.grading 0.42 0z./lon Au 10.6
oz./ton Ag, 2. 65% Pb and 1.33% Zn (Prince, 1984b). In additiog, a previously mmcd total of
13,360- short tons of exploratron muck averaging .17 oz./ton Au, 4.3 oz./t0 Ag, 1.29% Pb

.and 0.72% Zn are currently stockprled at the Venus minesite. Chip samples

over a 5 foot mining width. No dil , stope recoveries or other factors are con ddered in

the f igures,



Il. REGIONAL GEOLOGY ‘

~ A. Introduction
. , \# ‘
The following description of the tectonic setting and history of the Montana Mountain
area is based on papers by Tempelman-Kluit (1979)'and Monger et al. (1982). Emphasis is on,
using the concepl of exotic Ierre'mes to describe the geological setting and history of the

Whitchorse Trough and Montana Mountain volcanic complex. The regronal geology of

k] ~

southwestern Yukon and northweslern B.C.is shown m Figure 2

)
e

li. Tectonic Setting.
The Momana Mountain volcanic complex is located on the western margm of a
Mc@zorc fore-arc basin called the Whitehorse Trough (Wheeler, 1961). The Whrtehorse
Trough is part of the lntermontane Belt: one of five physrographrcally drstmct belts in the
Canadian Cordillera: The Cordrllera can also be drvrded into two large, composrte terranes
(Terrane I and Terrane II), thet consist of smaller, allochthonous*terranes (Monger et al.,
1982). Terrane I,.the inner Terrarle, is composed of four smaller,terranes that amalgameted in
the late Triassic. Terrane II is composeél of three smaller terranes that were amalgamated in
the late Jurassic, prior to accretion to the ancient North American craton (Monger ef al.,
1682); Accretion of Terrane I in the mid Jurassic and Terrsne Il in Cretaceous to Tertiary
time, caused rectonie overla'p and/or compression"‘\of \crustal roclcs, into two tectonic welts
(Monger et al., 1982). The-Omineca (frystalline Belt formed after collision of Terrane I with
the Mesozoic North America_n ‘margin. The Coast Plutonic Belt, 10 km west of Montana
Mountain; ormed after arecretion of Terrane II to.the new western margin of North America. |
- In southwestern Yukon and northwestern-British Columbia, Terrane I is répresented
by two smaller terranes. Cache Creek terrane contains Paleozoic oceanic crust arrd’reef
" complexes"thet accumulated in a back-arc basin (Monger, 1975). Tempelman-Kluit (1979)

suggested that the back-arc basin, called the Anvil Ocean, opened in the Mississippian after -

rifting and westward movement of the Stikine block from the .North'Amerivcan craton. The -
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Figure 2. Regional geology of southwestern Yukon »a'nd northwestern British Columbia.
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Anvrl Ocean grew largcr unul the carly Triassic, when westward subducuon of occanic Cache
‘Crcck Group rocks under the Stikine block bcgan The arc sy,éztem that developed on the .
S‘ukme block consisted of Upper Trrassrc Lewes River Group andesites and basalts and Lower
‘J‘ur‘assic Laberge Group sedimcntary rocks. Mongerel al. (1982) suggested that the oceanic
Cache Creck terrane and island' arc Stikine terrane were stratigraphically linked by the Trlgssic
to lorm Terrane 1. _ |

In the mid Jurassic, Terrane 1 collided with the Mesozoic North American margin and |
was obducted over the North American caton (Ternpelman-l(luit,wll979). The boundary of .

)

thjs collision is marked by the Teslin suture zone, 90 km east of Montana Mounyain. In the

* late Jurassic, a section of Cache Creek terrane oceanic floor was thrust south'west'erly over the
Stikine,lcrr.ane. This portion of the larger Cache Cr_eek' terrane is called the Atlin lerrane
(MGngcr. 1975), and borders the northeast boundary of the Montana Mountain volcanic
complex.

After accretion of Terrané I, Terrane II accreted onto the new west margin of North
America. During and after accretion, east-dipping Subduction of the Pacific Ocean Plate
under the North American continental margin genefated a large mzigmalic island arc called the |
Coast Plutonrc Belt. The Coast Plutomc Belt marks the site of extensive calc-alkaline
volcanrsm and obliter~ted the exrstmg boundary between Terranes I and I

. Roots (1982) suggested thatthe Montana‘,bdountarn volcanic complex was emplaced

on the far west margin of Terrane I during the final stages of the collision between Terrane I

and the Mesozétt North America margin.
C. Regional Stratigraphy and Structure

Caghe freek Group ‘ - ; \
The oldest rocks in the Montana Moumam area are late Paleozorc Cache Creek

Group, maf ic volcanic flows in the Atlin Terrane (Table 1). Wheeler (1961) assrgned the

rocks to the Taku Group, but Monger (1975) ;uggested that they rmght be equivalent to



Table 1. Tablc of Formations in south-central Yukon (modified after Roots, 1982).

\

0}:%%5)8{ .

MESOZOIC

ERA ROCK UNIT PRINCIPAL ROCK TYPLES
O Plei ‘%E,‘}‘f ~ Glacial drift, alluvium
8 - Unconformity
Q : Granite porphyry, rhyolite
Z Skukum I gn brite, rhyalite, basalt,
8 Eocene - Group er;\ltcan i acxtlc. volgdnxc
& granitic breccia
L Unconformlty
> Quartz monzonite, leucogranite,
Coast Plutonic biotite granite, alaskltc
omplex hornblende-bictite granodiorite
quartz diorite
Late 3
Cretaceous
Nislirig R lige, trach
l:‘s\ilau; mange H?ll(c) éﬁ(csac tclf)orphy Y

Carmacks Group

Plateau basalts

Mount Nansen
Group

Andcsnc mitrusion breccia,

i mmbntes ebris flows,
g desite an gacntc lavas

Intrusive, locally di

sconformable contact

£ .
wer so} Laberge Grou Conglomerate, siltstone,
Jlﬁ?aSSlC § ge Lrotp argillite, homfels
= - - :
) Disconformity, local angular unconformity
o]
Upper |5 . Volcanic greywacke, limestone
Tn%ssic f-é Lewes River Group mcfs, volcan?lc breccia,
= aggl lomerate, andesite
Faulted, possible disconformlty
. : Serpentinized gabbro,
o 0 Atlin Intrusions pyroxenite, dupltc
§ Permian g ™ e
o =18 Horsefeed Limestone reefs, minor
g _:EJ O §‘ Formation pyroclastic interbeds
o < %5 Disconformity i
[ N .
. Q akina Amphibolite, breccias, minor
Pennsylvanian ormation chert mtcrbcds

/

10



11

i

Nakina Formation‘rocks in the Atlin arca. Nakina Formation is considered by Monger (1975)
to be among the oldest of five formations in the Atlin terrane. Nakina Fofmation rocks
consist of Mississippian and Pennsylvanian, altered, mafic volcanic rocks with associated
ultramafic rocks. Monger (1975) suggested that Nakina Formation rocks formed a basement
of occanic crust in the MissiSSiopian.

In the Montana Mountain area, Nakina Fgrmau’on rocks in the Atlin terrane are hard,
dark grey-green, fine grained amphibolite that has lost any trace of‘ primary texture. Other
rock types iricludc metadiorite, bedded chert, carbonate and serpentinite. Mafic volcanic I ],ow‘s
arc overlain to the north and east of Montana Mountain by bedded carbonates. ‘

Roots (1982) mapped the contact betwegn Nakin: Formation rocks and Mount
Nansen Groo; volcanic» rocks on Montana Mountain. Roots suggests that the contact exposed
‘south of f‘ooly Canyoa resulted from im)msion of a partly solidified breccia mass. In the
north canyon of Pooly Creek, the contact of Mount Nansen Group rocks dips 60° NE beneath
Nakina Formation amphlbohte (Roots, 1982) J

Pods of serpenumzcd pyroXenite in Nakina Formation rogks were noted by Roots
: (1982). A plug of ul&ramgf ic rock, fault bounded between the volcanic complex and the

Carcross pluton, is lpqate_d 1 km north of Montana Mountain.

Lewes River Group /

Upper Triassic, Lewes River Group volcanic rocks do not border the Montana
Mountain-complex, but are located further east and north along the outer margins of the
Whitehorse Trodgh. In the Monfana Mour;tain area, Lewes River Group volcanic rocks occur
as dasts in Lower Jurassic Laberge Group conglomerate Lewes River Group consists of
VOlcamc flows and breccias, pyroclastic deposus and limestone reef complexes The most
common rock types are purple, grey and green volcanic breccia, volcanic greywacke and lenses
of grey and pinkish maosive limestone (Wheeler, 1961). Lewes River Group volcanic rocks

may be locally confused with Mount Nansen Group volcanic rocks.
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Laberge Group

Lower Jurassic, Laberge Group sedimentary rocks Qgcur on the castern and southern
boundz‘iries;(')f the complex. Laberge _Qr_oup consists of a lhiék. repetitive succession of deep
water facies, greywaclsc.'sandstone. siltstone, shale and conglomerate, and lies disconformably
on the Lewes River Group. A narrow strip of the Laberge Group,borders the northeastern

- S
part of the complex and separates older Nakina Formation rocks from younger volcanic rocks

and intrus’ive rocks. Clasti; Laberge Group sedimentary rocks have a characteristic reddish
weathering rind (Roots, 1982). On the eastern and southern parts of the Montana Mouniain
complex, the Laberge Group contains g.rcywa‘ckc and finely laminated silistone with argillite
rip-up clasts. Congiomcralc layers and lenses that interfinger with greywacke along strike are
common in the northwestern part of the complex.

The contact of Laberge Group sedimentary rocks with Nakina Formation mafic

volcanic rocks is generally fault bounded, although a poorly exposed contact in Big Thing

Creek is disconformable (Roots, 1982).

Granitic Rocks | ,
Pink weathering, medium to cogfse grained, granite to granodiorite is exposcd‘ north
E)f il;e volcanic complex. The exposur¢s form thc; south end of a 22 km long body informally
known as the 'Carcros; pluton'. Roots (1982) noted a mauve colored altered chlorite granite
apd a zone of aplite and alaskite bordering the complex and extending into the volcanic rocks.
Roots suggests that the Carcross pluton is the granitic equivalent of the Mount Nansen Group

* volcanic rocks. He also notes that the pluton is more compositionally variable and more

granitic than rocks of the Coast Range Batholith 15 km to the west.

14

Mt. Nansen Group
The Montana Mountain volcanic complex was originally mapped as Hutshi Group by .
Wheeler (1961). The term Hutshi Group was also used by Bostock and Lea'(1938) f or

volcanic yocks in the Miners range northwest of Whitehorse. Bos@ck (1936) gave the name
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Mount Nansen Group to volcamc Tocks, in the Carmacks dtstrtct that he consrdered equrvalent

£ o

%o the Hutshr Group Tempelman Klurt (1978) assrgned the name Mount Nansen Group to
B volcamc rocks in the Mmérg range, and suggested that the Hutshr Group volcanrc rocks on

Montana Mountain- mtght be part of the Mount Nansen Group volcanic. rocks Roots (1982) -
y o
mapped the geology of the Montana Mountam volcanrc complex ahd’ concluded that'the

- complex correlates wrth ‘Mount Nansen plug domes 'in south central Yukon and Iayered Sioko
pllCS in. northern Brrtsh Columbtar The ages. of the Hutshr Mbunt Nansen and Carmacks

Groups were { ound to be lati Cretaceous by Grond et al. (1984) The‘yuconcluded that the .
, ,
—thrce groups of volcamc rocks are’ contemporaneous and show a gypical, subduction related

* volcanic arc, calc alkalme to potassrcoalkalrne chemrcal chemrstry They also suggest that r&bks

: of 1his late Cretaceous volcantc surte do not correlate m age with younger Skukum aru Sloko
_ [

Group rocks 'Emce the Hutshi Group also mcluded Upper Trrassrc Lewes River Group
~— @
volcanrc rocks its’ use has been abandoned :
: T
Delscr'iption.. :

T

o

Myunt Nansen Group\c‘c‘msistsrof»-~volcanic‘f10ws breccias, and pyroclastic material

' “ranging f rTofr basalt and andesite to rhyolrte in composmon (Grond et al,, 1984) In the -
; K Mrncrs Range“r Mount Nansen Group VOlCanlc rocks are porphyrmc partly vesicular,

, calc-alkalme andesrte f lows and f low breccras mtruded by felsrc.drkes (Grond.et al. 1984).

., 5

Bostock ( 1936) mapped Mount Nansen Group rocks in the Dawson Range as a heterogeneous
asscmblage of’ andesite and basalt flows breccras and less common tuffs and agglomerates In - |
l “the’ Montana Mountam area, the volcanrc complex consists of green and grey green
mtermedrate volcamc f lows and breccras intruded by felsrc dikes (Roots 198’ﬁhe volcanic - '

-~ rocks rntrude rocks of the older Nakrna Formatron in the Atlin terrane and Lower Jurassrc

Laberge Group sedrmentary unrts i

Mount Nansen Group volcanic rocks are drstrrbuted throughout southwestern Yukon
and northwestern Brrtrsh Columbra Tempelman Klurt (1980) 1nterpreted the Mount Nansen
volcamc centers as remnanxs“of plug domes and drfferentrated volcamc prles that were ¢

A .

deposrted om erosion surface of consrderable relief’, Most Mount Nansen roup rock umts »



' are flat- -lying, gently drppmg and are of lower greenschrst f

A Y

cres metamorphrc gradc
AN : ¥ .

" Ageof Mount Nansen Group Volcamcs Sl ~ '\
‘Mount Nansen Group rocks in the Mmers Range were dated at 72 4+ 2 5 Ma and

69 1 . 6 Ma (K Ar method) by Grond et al. (1984) ln the samc study a date ol" 72 4 i
€‘

2 1 Ma (Rb -Sr method) was assrgned to rhyohte frdm Hutshr Group r0cks in northweStcrn B ‘

=

Brmsh Colurnbra Although the volcanrc rocks on Montana Mountam have not becn datcd
drrectly, they areprobably contemporaneous wrthother .late Cretaceous;. Moun_t-Nansen )

Group rocks

The Carcross vl which mtruded and metamorphosed the Montana Mountam

volcanic complex, b3 ber ated by Morrrson et al (1979) at 64. 3 2 2 Ma (K- M!

method)’:but there 1 OmE nncertamty about the date Tempelman Klurt (1981) suggests the

Carcross pluton and assocrated felsic drkes are equrvalent to the Nrslmg Range alaskrte whrch :
is_the subvol(:,anrc.equrvalent and f eeder for Mount Nanse_n Group. occurrences in thc_ .l)awson

Range - . | R L’; o |
| Roots (1982) suggests that mtrusron of the Carcross pluton into Mount Nansen o B

" Group rocks on Montana Mountam has probably reset the orrgmal radtoactrve ages ol" the

volcanic rocks.

~

» Comparison with Other Volcamc Complexes ,' < % T

The Skukum volcanic complex (Frgure 2) is an ellrpttca downl" aulted area of

mtermedrate to felsrc volcanic. rock deposrted on- gramtrc rocks of the Coast Plutomc Belt and B

‘ Precambrran Yukon Group schrsts and agnetsses The complex 1s Paleor:ene to Eocene m' age

A oo
and is surrounded by high level rhyolite mtrusrons dated at 53 :t 1 l Ma (Rb Sr method ) by -

Pride and Clark (1985) A dommant structual f eature in the: complex 1s a serres of

north northeast trendrng fractures whrch host drkes and precrous metal véins.: |
The early Tertidry Bennett Lake caldera was deposited on predomtnately Cretaceous

gramtrc rocks of the Coast* Plutomc Belt The volcamc complex conslsts of two cycles of

1gmmbrrte deposrts overlam by mcreasmgly maf ic bretcras and lava flows. The complex was

A - v
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mapped ih detail by Lambert ( 1974) who suggested that >mzﬂr ash flow eruptionf

contributcd to caldera collapse. -‘,:
' PI‘ldC (1983) compared the Skukum volcanic complex to the Bennett vlcanic complex-

‘ a‘nq concluded that, although the two structures are relateq in age and some geglogical

characteristlcs, each comple;_( represents a distinct structural apd geological setting. The
| Skukum complcx has a bimodal suite of extrusive rocks, is § ucturally complex and shoWs a
wide variety of depositional environments. In addition the S ’ukum complex does not show
cvndencc of a major c‘auldron subsidence.
=
Thc Skukum complex and Bennett Lake volcanic complex contrast with Mount. Nansen
Group rocks on Montana Mountain because they are younger, more f e151c and mtrude '
' Paleozoic and older rocks west of the trend of Mount. Nansen Group volcanic rocks (Roots,

‘1982). . s

—Reglonal Structurqi/\ LR B _ : ' ’
B y @

The Whitehorse Trough consrsts of Late Paleozoic and Mesozoic rocks that have been
. folded mto a northwcsterly trending synclmorium. The . Whitehorse Trough is separated from

‘ the Co;sh’lutonic Belt by the steeply dippingﬁLlewellyn fault system. The Nahlin Fault -
separates Mesozoic rocks in the Whrtehorse Trough from the Paleozoic rocks in the Atlfn
Terrane. The southwestern part of the Nahlin Fault has been traced for more than 250 mtles._
Itisa verucal or steep, northeast drppmg thrust fault, and exten:s from the southern Yukon
; southeasterly across British Columbsia to the Cassiar Mpuntains, where it appears t_o' swm:g

»
»

south into the-Pinchi Lake Fault Zone. - B

D. Regional Precious Metal Yein Mineralization

The Mont’ana Mountain mining district is one of several precious metal districts in
southwestern Yukon and northeastern B.C. |

‘The _Wheaton River gold-siver district is located 35 km northwest of Montanav -
. ‘Mountain (Figure 2) . It is“situa_ted‘on the eastern margin of nZé Coast Plutonic Belt. The host

’



rocks _are é_oast Plutonic Belt imrrxsiyé rocksr Upper Triassic Lewes iliver Grou
rocks, Lower Jurassic Laberge G‘rb’u‘rr sedimentary rocks and Pre-Permian rocks of r't‘rc‘\’ukon
Group The Wlso contams two large volcanic complexes. The Mt, Skukum volcame |
‘ complex is sxtuated on the western side of the dlstrrct The Bennett Lake Caldcra{ls localed on
the southern border. Morin and Downing (1984) list 26~gold-sr]ver dcposus and occurrences
in the Wheaton River district. There are at least three types of veins in the Wheaton River
- district, Au-Ag, Sb-Ag and- Ag-Pb (Calrnes 1912)
| The Sk_u]rum gold deposnt. in the Wheaton River District, was found in 1980 by
AGIP, and is currently being mined by Mt, Skrr.kum Gold Mines Ltd. Current ore reserves in
the main Cirque zone are esti_mated at 148,980 tonnes of 24.98 g{lonne Au and 20.5 g/tonne
Ag (McDonarld et al., 1§86).' The. deposit is an cpithermal Au-Ag vein system hosted by
Tertiary andesites in the Mt. Sk.ukum volcanic complex. The grol‘gl occurs in steeply dipbing
quartzfearberlate-sericite veins associated with major‘faults and rhyolite dykeé. The main vein
averages 5 m in ‘width, has'a known vertical depth of 80 m and has bee_r'l traced for 200 m
along strike'(McDOand'et al., 1»986).. The unhsual feature of thisfeposit is that the

f

gold- bearmg veins have little or no sulphrdes or other indicators of mineralization.

2
In northeastem British Columbla several precxous metal occurrences are sltuatcd in a
belt of Mesozmc 1sland arc derlved volcanic and sedlmemary rocks. Schroeter (1986) suggcats
" that eprthermal and mesothermal mmeralrzanon in thlS belt is' structurally comrolled by north

trendmg fractures and may be genetlcally related to Cretaceous and Temary volcamc and

9‘@2 plutomc activity.



III. LOCAL GEOLOGY . o (

~ A. Introduction

| The Montana Mountain volcanic coniplex en'compas;es a roughly circular, high
standing area approximately 7 ki in _diameter. Mounl Nansen Group volcanic rdcks_ on
Montana Mountain consist predominately of qxedium to dark greyegrcen‘v fo greén intermediate
volcaniic flow -rocks and breccias. The portherhw‘;'nargin 6f the complczx has been :
mclamorphoscd by intrusion of the Carcross pluton. Porphyritig, orange Wealh_ering, felsic

dikes inlrude‘.the volcanic rocks. The geology of the Montana Mountain volcanic gomplex

-
-

(Figure.3) was niappedin detail by Roots (1982), and the f ollowingfchapter is based largel)'

on his work,
B. General Geology and Structure

Description of Volcanic Rock 1ypes

.

lntrus&én\ ‘Breccias "

Intrusion breccias predominate in the northern half of the complex. The breccias are

a

massive, homogeneous bodies of coarse volcanic fragmental rocks, and may have resulted.

from sublérranean stoping and ‘churningy(Roots,‘19)82). He suggests that the lack of extrusive

features, the massive nature of the breccias and the presence of intrusive contacts indicate
. ‘ \ : ‘
subvolcanic emplacement. The breccias are matrix supported with fine grained or aphanitic

rounded to ahgular clasts up 10 2.5 cm across. The volcanic clasts are dark green to light grey

and intermediate in composition. Some clasts are porphyritic or banded.
Thc intrusion breccias are distinguished by irregularly oriented fluidal’layering.,
‘consisting of coarse 1o fine laminations a}hat swirl and stream together. Roots suggested that
the flow layers are condﬁits for fluids escaping't‘hi'ough the intrusion breccia With more mafic
m'incfél's precipitating first, along the waﬂsof the opéning and siliceous or volatile richh

.
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residues filling the center. The bandii‘ig'in the flow layers developed as the fissure, a zone of .

weakness, wais repeatedly opened and injected with fluids.

Debris Flow Breccias R

Dark- green and brown, debris flow deposits are found in the central region of the
volcamc complex where they occur as beds within lava flow successions, or as thick massrve “
layers. The deposits are composed of coarse, dominantly.volcanic.f rdgments .suspended ina
detrital matrix The matrix is generrtlly dark green to grey and is oomposed of small angular
chips of andesite, dacite or quartz fr,he clasts weather light green or maroon, are pebble to

il

boulder sncd and are probably defived from andesite and dacxte lava flows. The contacts
between debris_ flow deposits are sharp, irregular breaks. »

Roots suggests that because the debris flows werg once surficial features of the
volcanic center,\these‘ breccias were greatly influenced By tot)ography at the time of

deposition: He suggests that the breccias were derived from. an edifice gituated to the north of

the present complex, and occupy.a depression within the center of tﬁe complex.

—~ -

Pyroclastic Breccias
The presence of altered pumice aud shards iri a breccia suggests a pyroclastic flow-
deuosit.vwhere pyroclastic eruptions have mobilized coarse lithic debris. Roots suggests that -
the pyroclastic breccias originated from ash and rubble slides originating on the flanks of a

volcano or growing dome, .

Ignimbrite is exposed in clif fs on the south side of Upper Pooly Creek. The igriimb‘rite -
f ormed from the deposition and consolidation of ash flows, but does not contain abundant . _
lithic blocks. Roots interpreted the ash flow to have erupted late in the sequence There is also

a possibility the ash flow is derived from volcanism at Bennett Lake.

>
Y

Andesite Plugs S N : ,
Homogeneous porphyritic andesite comprises large masses, including Mount Matheson

and Montana Mountain. The rocks are medium grey or green, fine grained and massive, with

( -
‘L"AA

no vesicles, foliation or flow structure’s.‘,«’Fhf andesite bodies do show regular vertical jointing.
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Ro?iﬁiérprets the andesite bodies to be the cores of plug domes. | -

\@Icanic lF'low Rocks
w Homogeneous, massive, intermediate and mafic volcanic flow ro‘élls dominate the

southern part of the volcanic compiex. The flows are blocky, dark green, brown and maroon
and in places are intercalated with volcanic breccias. Most of the rocks have been partly |
recrystal“lized to amphibple and chlorite aggregates, and are aphanitic, dense and relatively
soft. The dark green rocks are of andesitic composmon (average 55% silica) and the light
green rocks are of dacmc composition (64% silica)(Roots, 1982). Vesnculcs are common in the
flow rocks and are f_requemly fidled by calcite, quartz or dark green clay. Some rocks with

_ large and abundant vesicules are maroon or purplish in color; this suggcests | to Roots that some
of the rocks wer‘e?extruded subaerially.

The contacts bethen 'la\fa flow units are not easily diséerned. Roots (1982) suggests
that the laygrs were grdups of fluid sheet lavas spread over wide, gémly.sloped areas. Roots
found that lavas and breccigs near the edge‘of the compléx are andesitic t\)}n upper { lows in
the central part are daéitic, which iﬂdigates tﬁe vqlcaxiism bg:came more siliceous with time.
C;mpositional cycles of -the type observed in the Bennett Lal;e caldera (Lambert, 1974) do

" \rlo/tappear_,to be present in the Montana Mountain volcanic complex.

Felsic Dikes . - \ o v
" Orange weathering quartz latite and trachyte dikes form 5% of the volcémic comp]cx_.
The dikes afe porphyritic, fine to medi prained, and cut all volcanic rock types. They
commonly occupy fault zones. Evi~ ., Loeissive eﬁplacemem indicétes that the faults
.must~ have been recurrent lines o we.. « s rzeory is supported by observations of

slickensides in the walls of quart: ve: ... following ine dike swarms.

Structure of the Montana Mountam Volcamc Complex

" Roots (1982) suggests that the volcanic complex once extended over a much larger

area, as indicated by occurrences of Hugshl.Gxoup \{_olcamc rocks mapped southeast of Windy
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Arm (Monger, 1975) and 15 km northwest of Carcross (Wheeler, 1961). It is unclear wlrerhcr
the complex is a prescrvcd source area or was derived from vents that are now eroded. Roots
| suggcsts that upwards arching of the volcanic complex caused\&y intrusion of the Carcr:ss
pluton may have escalatcd erosion of the volcamc rocks. Roots mterpreted the southern part
of the complex to be a remnant ol‘ a volcanic edifice, with a broad, dome-like structure, and

the northern part to be deeply eroded subvolcanic intrusions.

The volcanic complex has intruded older roEks in the area and is bounded by steeply .
dipping fault zones. A possible extension of the Nahlin Fault separates Mount Nansen Group
rocks f'rom Cache Creek Group rocks in the Atlin terrane\/'l‘hrs f a‘ult is mferred 10 cToss
bcncath Wmdy Arm. In Pooly Canyon, the contact between the two groups is a 1 m wide
vertical cleft of proromylonile with lenticles of andesite (Moum Nansen Gro'up) and
amphibolite (Cache Creel( Group). In the Norrh Canyon of Pooly Creek, the contact of
oxidized Mount Nansen rocks dips 60" northeast beneath Nakina amphibolite.

The contact between Mount Nansen Group tocks and Laberge Group sedimentary
rocks appear's to be gradational vin‘places or is fault bounded.

The contact between Mount l\lansen Group volcanic rocks and the Carcross pluton is
exposed northwest of Montana Mountain. The contact dips 45" south beneath intrusion. -
breccia, and contains fractured alaskite wrth abundant tourmaline vemlets pyrolusrte and
malachrte Roots suggests that the pluton underlres most of the volcanic: complex

There are three ma jor f. aults, over 3 km long, as well as numerous smaller ones. The
Matheson Fault éeparates andesite from eAebris and lava flow succession. The Dail Peak

Fault is marked by a broad shear zgne and coincident dike swarms across the south slope of

the volcanic complex. The Montana Mountain ridge contains steep]'y dipping fault traces.

Metamorphism and Alteration
Mount Nansen. Gréup rocks on Montana Mountam a’re of lower greenschist facies
metamorplnc grade. Homnf els is f ound along the northern margm of the wolcanic complex,

where the Carcross pluton has intruded and‘metamorphosed the volcanic rocks. Roots found
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that alteration and probable devitrification produced the fin¢ grained, hon?ogcneous aphanitic
textures seen in thc.volcgmi‘c flow rocks. He also notcd that sausgur{l.i;alion by mg@_ric/v&(\ers
and hydrothermal f luids is common.

!\ . . | .
C. Evolution of the Montana Mouhtaln Vo]canic Complex

The following account of the evolutio;l of the Montana Mountain volcanic comﬁlcx is
summarized fr)\m Roots (1982).

Initially, subaerial effusive volcanism gencrated a broad. cone with gentle slopes. Roots
estimates the blocky to massive andesitic flows may have extruded more than 20 km from the
complex. The volcano probably reached a height of more than 1000 m before internal
zpressurcé increased sufficiently to cause §ruptions to become more explosive. Pyroclastic and
felsic récks were deposited at the top .of the stratified volcanic pile. During ‘dcvélopmem of
the cone, one or more periods of fsubsider'xce’occurred, obliterating the original feeder pipé..
Roots suggests that tephra, lzva flows and v01¢aniclasti; sediemenls filled a depression in the
éentral region of the corhplex. |

Andesitic magma and plugs intruded a large (inferred) volcanic structure situated over
the norfhem part of the compiex. The magma became more granitic with t;mc and‘intruded
the pre-existing volcanic pile. Felsic‘ dikes intruded and filled zones of weaimess (faults,

fissures) opened up by upwards arching of the complex. Roots suggests that the volcanic

center once extended over the Carcross pluton, which has been exposed by erosion.

D. Geological Séttihg of the Venus \‘/ein .

| The Venus vein is situated on the southeast slope of the vo<canic complex. The vein
partially follows a felsic dike infilling a zone of strucjural weakness. Roots suggksts that the
radial and concentrié pa.tterns of the veins and thc‘ ikes im’;ly that they are related to granitic
intrusion and possibl‘y— upward arching of the volcanic rocks. Most precious metal veins in the
Mont;ma Mountain area are confined to Late Cretaceous Mount Nansen Group rocks. Roots

suggests that the quartz veins probably were emplaced after volcanic activity in the’complex
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ceased, perhaps during structural adjustments.

F. Precious Metal Veins on Montana Mountain

There arc over twenty precious metal veins on Mofitana Mountain. Many of the veins
are described by Roots (1981) and are included in a c;ompilation of Yukon precious meta!
veins by Morin and Downing (1984). The Ruby Silver, Uranus, Joe I;etly. Aurora, Arctic and
Pcerless VC_ins were sampled for this study. Their locations are shown in Figure 3. A brief

description of these veins is given in Appendix 1,

. /’,'?"‘



Iv, VE!N STRUCTURE, MINERALOGY AND PARAGENESIS
\
" A. Introduction
The following chapter summarizcv. ficld observations and a petrographic study doné on

the slructure lexture, alteration and mineralogy of the Venus vein. Parllcular cmphasis was

placed on 1denufymg gold mineralization gnd on determining the. relauon,hlp ol gold to vein

structurc. texture and other mincral phases. Polished mounts were made ol representative
/samples from ore shéots on the vein and from lower grade parts of the vein.
B. Vein Structure

The Venus vein has a known strike length of 2 km. The northern and central parts of
the vein strike N 5" E to N 20" E. The extreme southern portion of the vein strikes N 65 E.
The vein dips 30" to 50" NW. The change in stfikc direction in the south p;m of the mine
occurs over less than 15 m, with the dip rémaining constam Theknown vertical depth of the
vein is 400 m. The vein wxdth ranges up to 4 m, but averages 1 M. The vein is wider in the
lower levels of the mine, and becomes narrower with increasing elevation. The abrupt
northern Fern‘nation of the Venus vein is at Pooly Canyon. The location of the southern
termination of the vein is unknown. The extreme southern part of the vein is oxidized
underground and splits into discontinuous, narrow, subparallel veins. There are five levels
underground, at elevations of 2600 ft., 2650 ft., 2700 ft., 2800 ft., and 2&50 ft.

Normal faults cut the vein at various angles. Fault zones (up to 1 m, wide) co;nain
fault brecéia. quartz, calcite and oxidized volcanic material. Fault diSplaccmenl averages ,,2 cm
to 3 m, but some faults have displacements of up to 10 m. The vein contains several
strike-slip faults with local shear zones.

Subsidiary veins occur locally, pdralleling dr crdsscutting the main Venus vein. The
subsidiary veins are usually narrow (less than 0.5 m wide) and typ‘ically contain only quartz,
although some contain sulphides. ;l'l';e main Venus vein locally splits into two or three veins,

L )
especially in the upper levels of the mine.
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C. Vein Texture and Mincralogy

The Venus vein is a fissure ;"illing showing evidence ol multiple periods of fluid
injections. Movement along slightly curved, planar, surfaces is reflected by the undﬁlatory ’
naturc of the vein. Slickensides in the host rocls and‘thc presence of clay gouge in the vein are
evidence .that syndepositional movement along the vein took place. There are no visible marker
beds in the volcanic hiosl rocks, so it is difficult to c;cterminc the magnitude of fault
displacement.

The vein is frequently separated from the hangingwall and footwall by a layer of clay
gouge. In other places, the vein-wallrock boundary is ’;\oorly defined, due to injeétion of
cross-cutting, late stage quartz stringers and replacement of wallrock by vein material. In the
southern part of the vein, paralle] quartz veins interbanded with altelzed host rock are common

in the hangingwall and footwall of the main vein. Subsidiary veins and the main ({enus yein

are often connected by a network oX barren quartz stringers.

The Venus vein typically contans ribbons (bands less than 1 cm wide)_ of clayey,
altered wallrock or narrow, parallel veinletsof dark grey arsenopyrite érains. Intercalatedr
altered wallrock in the vein is commonly foun\{ as narrow to wide (1 m) bands or as
unsupported angular fragments._ |

Q\&rtz is‘ the d'ominant mineral in the Venus vein. It varies in its occﬁ_rrence from
milky white grains 1 mm or less in diameter up to well developed, clear, euhedral crystals 15
cm long. The larger quartz crystals often occur in single and multiple layérs of irregular comb
structures or ]ine vugs located near the center of the vein. Vein quartz is slightly finer grained
on upper levels than on lower levels. ’

Arsenopyrite, pyrite, galena and sphalerite are the four most comrﬁon minerals after
quartz. A quartz-arsenopyrile-p)}rite' mineral a"ssemblage is the most common. Arsenopyrite
and pyrite are ubiquitous, while sphalerite and galena only occur locally. Oyer an average 1 m
vein width, arsenopyrite comprises 8% of the vein, pyrite comprises 6%, and sphalerite And

galena together comprise 5%. Quartz was deposited first, followed by arsenopyrite. Pytite was

'deposiled at the same time or slightly later than arsenopyrite. Arsenopyrite and pyrite often
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occur together in crude asymmetrical bands which are concentrated on the outer edges ;)f the
vein (Plate 1). Mbre rarely, the center of the vein is sulphide rich with barren quartz
concentrated on the outer edges of the vein, Bands of arsendpyrilc and pyrite ‘;angc from less
than 1 cm widé to over 1 muwidc. and can bc monomineralic or consig»l of narrow, alternating
bands of pyrite and arsenop&rite. On upper levels, arsenopyrite occurs locally as large, biadcd
crystals growini; perpendicular to the vein walls. Both sulphide phases occur in hydrothermally
altered wallrock as veinlets, disteminated grains and clust(;rs.

~

Sphalerite and galena are not as common as arsenoypyrite and pyrite. Some parts of
the vein \sho/wa/ic/cr quartz-arsenopyrite: pyrite phase crosscutting an carlicr
quartz-sphalerite-galena phase (Plate 2). Otﬁer parts of the vein contain all four major
sulphides, where sbhalerile and galena arey éoncentra‘ted in massive lenses or pods near the
center of the vein. Disseqinated anhedral grains of galena and more rarely sphalcrilc |
frequently fill iﬁterslitial spa?e betvu;een euhedral quartz crystals near the center of the vein.
Trace amounts of visible tetrahedrite and p);rargyrite ocdur in galcnaiéphalerilc rich parts of %
the vein.

o The total percentage of sulphides in the Venus vein increases with ihcreasing c;evation -

In the lower levels of the mine, the vein contains an average of less than 15% sulphides, vi/hilc

on the upper levels, the sulphide content is 30-80% of the vein (estimated visually). The

relative proportion of each sulphide in the vein does not change with elevation.

B

Ore ‘Shoots ,

At Venus, gold is coﬁcentrated in steepiy plunging ore shoots OF "\‘/‘ai'yfﬁg siztés\hapc
and continuity. Ore shoots have a léngth to width ratio of 10:1 zﬁscomprise 20% of the vein
{Prince, 1984b).':l"ﬁe strike length of the ore spoots ranges from 7 m U;Qo 30 m. Some shoots
are ’known to éxtend up to 200 mvdown the dip of the vein. The highest grade ore shoots
occur in wider portions of the vein containing all four sulphides. Sections of ore shoots with
flatter dips correspond to_higher gold grades (Carlyle, 1984), Gbld valiles and possibly the

strike length of ore shoots incxease upwards in the vein until the bottom of the surface.
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"Plale 1. The Venus vein (2700 Jevel) showing a quartz core and asymmetrical
) arsenopyme pyrite bands.
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Plate 2. A high grade ore-shoot located on the 2850 level (looking at the north face before

- drift extension); a) Arsenopyrite-pyrite-quartz (22 cm wide) containing 1.6 oz./ton Auand

9.1 oz./ton Ag. b) Sphalerite-galena-quartz (30 cm wide) containing 0.14 oz./ton Au.and

140.10 oz./ton Ag. c) Arsenopyrite-pyrite-quartz (35 cm wide) containing 0.49 oz./ton Au and

»

13.6 oz./ton Ag. .
' 3 | }



oxidation zonc is reached. .

”

D, Wallrock Alteranon .
An intense hydrothcrmal alterauon envelopc 2 mto 10 m wide surrounds the Venus
vein, Altcrcdandesmc wallrock in.the hangingwall and footwall is light gray-green and
silicified. The intcnsity of alteration increases towards the vein. Small, medium green chlorite

clots are common. Local porphyritic and brec‘c‘i'ation textures oc‘cur where the alteration

-~

decreases in intensity, but. ortgmal mmeralogy and textures are largely obliterated. Euhedra]
pyrite and arscnopyrlté occur as veinlets or disseminated veins.

In thin section, altered wallrock near the vein consists of quartz, sericite, carbonate
and pyrltc, with lesser amounts of arsenopyrite,. galena,'limonite‘and feldspar. Quartz.and
c"alcite occur separately or _‘togeth’er in thin ve,inlets crosscutting the host rock. Quartz: ia
‘disscminated throughout'the groundmass as small anhedral grains. Sericite i ubiquitous and
| increases m abundance towards the vein. Chlorite clots cons‘iéting of fibrous, radiatinAg crystals

are disseminated throughout the altered walirock. .
An zone of mtense clav alterauon in the hangingwall and f ootwal] of the vem is
: A'spaually ,a‘ssocrated wrth a ore shoot in the northern part of the vein system. The alteratron
zoné consists of white, soft, clayey matenal that contains minor pyrite veinlets. 'I‘he altcratlon
can be traced from surface down to the'2700f level. The main Venus vein changes character in
this intense alteration zone. The quartz content in the vein decrcasec to trace amounts, and all
that is -lgf t of the veinisa lc 10 6 cm wide band of blac_k weathering., massive, sulphide
: fn:;terial. Polishcd_blo_cl_( exa {nation of this material shows it to be brecciated arsenopyrite
with trace amounts ol" pyrite. Pyrite veinlets in the bleached wallrock show limonitic
replacement. Trace amounts of calcite in velnl'ets were noted in- this altered material on the
2850 1. level. Assays from the ciay alteration zone indicate low prccioua rnetal values. 7
| : Santp‘l‘es of the' white, clayey material in the clay alteration zone frave been analyzed |
using XRD “analysis. The main clay mmeral present is illite, with trace amounts of c,hlonte

2

and kaolinite: (prwate company report). Other non -metallic mmerals prescnt include ankerlte

%‘ > - -
e B
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quartz, sericite and calcite.

Oxidation Zone o

The surface oxidation zone penetrates '75 m to 100 m down' dip from the surl‘écc
(Carlyle, 1984). The southern part of the mine is more oxndlzed than the northern part smu‘r"
the south part of the mine is closer to the surface. The wallrock in the oxidized poruon of the
vein is generally.yellow to orange‘brown-and contains llmon‘neand other iron pxldc mincrals.,
Realgar, orpiment and scorodite are visible occasionally underground in the rﬁéin Vcnus vcin.
Yukonite, a rare ;rsenate is found m the south end of the 2850 level and in Surlace wo(\licmgs
along the vein. Covellite, malachite and azurite were noted i in trace amounts. A list of
minerals found in oxidized parts of the Venus vein and wallrock is shown in Table 2.

+

E. \Sulpllide Petrography N

The

_vein. Other lic minerals present in trace amounts (less than one percent) arc listed and

", described in Table 3.

‘Arsenopyrite
" Arsenopyrite is ubiquitous and occurs as euhec‘lral to subhedral greins. commo‘nly

showing rhompbic cross sections. Grain size ranges from less than 1 mm up to 3cm.
Arsenopyrite oceurs as indiVi(lual gfains dissem_inated throughout quartz, as si.ngle lalycr‘s
parallel to vein walls (;_I ae irregular grain agglega_tes. Where arsenopyrite occurs as thin
vemlets the grains are onemed thh their long side parallel to the vein walls Most
arsenopyme shows varymg degrees of cataclastic texture, In most of the polnhed sections,
fracture lmes are sharp and angulat In some of the secuons the f ractures appear 10 have

been corroded. Where eqrrosion or oxidation hﬁiaken place, the f ractures are smooth and

wide, with a "worm-like" appearance. Large, thick worm-like fractures do not contain later

* mineral phases. Intense Brecciati_on and later cementation of arsenopyrite by quartz was

30

swing section describes the five most important metallic minerals in the Venus |
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*
obscrvcd occasionally. Ctrcular and semi-circular patterns of arsenopyrite grams were

obscrved where arscnopyrtle grains infill space surgounding.quartz crystals.
<

t‘yrite A ‘
| Pyrite was deposited at the -same time as arsenopyrite- or slightly later. It shares simr)le
grain boundaries with arsenopyrite or replaces 1t Pyrtte grains,are cbmmonly fragmented or
shaltered but not as intensely as arsenopyrite grains. Gram size ranges from less than 1 mm

10 0._5 cm. Pyrite is not as abundant as arsenopyrite, but it is as widespread. It occurs as
cuhedral disserninations or as subhedral to anhedral grains in bands with arsenopyrite. Pyrite
| commonly contains minute rounded blebs of later mineral phases. The mineralogy of these
blebs ranges f rom chalcopyrite and pyrrhome to chalcopynte sphalerite and galena Pyrrte is
replaced by spha]erlte and galena

~

Sphalerite : .
‘Sp lerite 1s less common than arsenopyrite or pyrlte and is usuallp found m pods
near the center of the vein or as disseminated grains inf 111mg space between quartz crystals.
Sphalerite is dark brownish red and commonly contains founded blebs of other minerals
including galena, chalcopyrite and tetrahedrite. Chalcopyrite is especially common, occuring as _
: o
oriented intergrowths in sphalerité. Sphalerite.commonly contains galena:inc'lusions. , ' \ ‘

Galena ' . o _ .

“ Galena was the last of the four main sulphide minerals at Venus to be déposited and
is closely associated with sphalerite. Galena replaces arsene;yrite, pyrite and sphalerite and |
commonly occurs as fracture fillrngs and corrosion fillings in arsenopyrite and pyrite. It

occurs as massive pods, bands lenses and disseminated grains in wider parts of the vein, but

also occurs mlcroscoptcally in narrower parts of the vein contarmng arsenopyrtte and pyrite.

y -

Galena grains commonly have a replacement rim consisting of tetrahedrite and other

unidentified minerals. Te'trahedrite replaces galena by penetration along cleavage planes. The



tu.

amount of replacement ranges from minor to compiete.

Gold _
“ Gold was the.iasi méiallic mineral to e, depds‘ited at Venus. It shares mutual grain

.. boundaries with, or reblaces. arsepopyrite, pyrite, sphalerite, galena, tetrdhedrite and |
pyrargyrite. Gold grains rahge in color f fom medium yellow white to deep ycllowr A
reflectance test at 547 A.on five'gold gréins indicate ra native gold composition; however, an

- electron microp.rob‘e analysis on one gold grain at Venus shows the graiAn to have a
composition closer to electtum (63.4:36.6, private company report). The largest gold grain
observed is 110 um by 110 um Grains lar'ge.r than 80 um arc rare. Most gold grains arc in the
10 um to 40.um: size range. .

Table 4 lists the most common type of occurrence for gold grains greater thaﬁ 5 um
found in the polished mount study. Photomicrographs of gp.ld‘grains are shown in Pla_tcs Jto
6.'Most gold at Venu§ precipitated with galena from late solutions which pcnetratcd
" microfractures m o1 repliclced, earlier deposited arsenopyrite and pyrite. Gold.al'so replaces, or
is conternporaneous with tétrahed;ite and pyrargyrite. A\lthou'gh goid precipitation.‘was
conterﬁporaneous with galena, there is a st;ong spatial relaiidnship between.géld and .
arsenopyrite. Only one gold grain was found enclosed by quartz, and this was verylclosc 10 an
arsenopyrite grain being repla\ed by galena and gc;ld.- More gqﬂ and gq‘lené was observed
infilling fractures in arsenopyrite than in pyrite. Thi-s could be a f upction of arsenopyrite
being more brittle and tﬁ'erefore more su_scéptible to microfracturin‘g..

‘ The spatial relationship between gold and arsenopyrite-pyrite is 50 ] pronoAuncf:d that
gold was not observed in polishéd mounts composed entirely of massive sphalerite and galena.
Gold content is higﬁest in polished mounts that consist of arsenopyrite and pyrite in narrow
one to two mm wide veinlets separa.ted by ‘quart‘z and infiltrétéd or replaccd by a small-
amount of late stage sphalerite-galena-gold. Arsenopyrltc and pyrite grams in pohshcd blocks
that contain a high (five to twenty occurrences) amount of gold are generally cuhedral and

relat,ively fresh, with little or no signs of oxidation (i.e. worm texture). Tight microfractures

L ¢
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Table 4. Occurrences of gold grains (>5um).

( \ : |

Number ' ™ «
of gold grains Occurrence
109 With galena (or more rarely, tetrahedrite or
pyrargyrite) as fracture fillings in arsenopyrite
or pyrite
“ ‘ .
. - 61 With galena (or tetrahedrite or pyrargyrite) .
- replacing arsenopyrite and pyrite
40 As areplacement bleb in arscnopy?ite or
‘ pyrite with galena blebs in the same grain
22 * Along grain boundaries between quartz and
- sylphides, or between two sulphide grains
21 Filling euhedral interstial space between
‘ grain boundaries
6 As isolated blebs in arsenopyrite or pyrite R '

11 _ Other -
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Plate 3. Polished block L-84-30 frqm the 2850' level. Gold and minor galena have infilled "

- ' . . . . : ) \ . »
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Plate 4. Polished block L-84-21 from the 2850 level. Galena and gold have replaced
arsenopyrite. Gold also occurs at the boundary between quartz and arsenopyrite. -



i

Plate 5. Pohshed block L-83-16 from the 2700' level. Galena and gold have inf nlled corrosion
openings in arsenopyme



39

Plate 6. Polished block L-84-208 from the 2800' level. Tetrahedrite and gold have infilled
fractures in arsenopyrite. Gold has replaced arsenopyrite and pyrite.

N\
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sphaleritc and galena. \ B - *g :
' [ AR
. ;o "“‘,':."
. 0 ’f‘ A
F. Paragenetic Sequence and Discussion & = - aon
v AT

The general depositional sequence at Venus is shown by the idealized paragcﬁcii‘c
diagram in Figure 4. The paragenetic sequence can be divided into two stages. Stage | mincral
phases were deposited first, and consist of quartz, arsenopyrite and pyrite. Most vein material
was deposited during this stage. Stage II was deposited after Stage I, and consists of quartz,
sphalerite, galena, gold and other opaque minerals (in trace amoue:us). The cxistence of two
paragenetically distinct stages does not imply two separate [ ]uids, but instcad a gradual .
evolution from an early mineraltzing fluid which deposited quartz, arsenopyrite, and pyrite, {0 .‘
-a later, more evolved llxlid which deposited quartz, sphalerite, galcr}wm gold. The scquc&'
of deposition appears to be fairly consistent, although reversals were ngsd in some parts qf
the ve‘in, where arsenopyrite and pyrite crosscut sphalerite and galena. '

# v -

The strong spatial relationship between gold and arsenopyrite-pyrite has been noted -
3 . .

. Q ) . ’
previously by Ralfs (1975); however, the paragenetic link between gold and galena is only .

obvious when gold mineralization is ob irectly in polished mounts .&)r instance, Plate
2 shows assays across arsenopyrite: pyfite rich and sphalerite-galena rich parts of a ore shoot.
Gold grades are higher in the arsenopyrite-pyrite portion of the vein, even though gold and

~
galena precipitate together.

Well developed ore shoots, such as the one shown in Plate 2, contain macroscopic
arsenopyrite-.pyrite and sphalerite-galena, Some parts of the vein contain only typical
quartz-arsenopyrite-pyrité on visual examination, but show high gold assay values. Polished
mount studies showﬁ that Stage II sphalerite-galena-gold mineralization is present in
microscopic amounts. Even trace amounts of galena, visible only under hig‘h reagnjfication * -
indicate ihat gold may also be present. This is relected injscatte‘rgrams of Au vs As, and Au vs
~Pb (Priqce pers. comm., 1984). There is a high correlation between Au a'md,As, and a low

L
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correlation betwée\n Au and Pb. The high correlation bctween"gola and afscnopyrile masks the:
gqlgl- galena relationship found in this study. The implication is"t'hAt eaﬂicr depositcd sulphides

appééir to act as site controls for later gold dépos'ition. X



Cinclusions were:: |

V. FLUID INCLUSIONS ‘

(o

A. lntroducnon »

The object of the f luxd inclusion study was to determine the composmon

.

Lemperauge,,\ density and pressure of the fluids responsible for mineral deposition. It was

"hoped that fluid inclusion analyses of minerdls_deposited from both paragenetic stages would

rcveal any spatial or temporal variation in the environment of mineral deposition. Vein quartz

and sphalerite samples for fluid inclusion analy51s were collected from underground and

surface exposures of the Venus vein. A sample locatlon map is shown in Appendlx 2. Primary -

fluid inclusions (defl ined using the criteria out}ined by Roedder, 1984) were found in most of

the chips, and'were assumed to be representative of the original hydrothermal fluid. A'vailablei;;i.

P-V-T-X data were used in conjunction with temperatures obtained by microthermom

»characterize the physical and chemical environment during mineral deposition:

— . . . - . C
microthermometric results were interpreted under the assumpticn that the i
. 7

remained a system of constant volume and cor_nposition>(Roedder_and B

The Venusydeposit f ormed in two stages with gold being deposited 1ate in the second

stage The assignment of a fluid mclusmn to any one pamcular paragenetlc stage is therefor o‘;e '

crmcal. The Venus vein formed by muluple fluid injections, and even a singlafluid mcluexou
chlp contains evideice for several penods of guartz deposmon To help determme the

relatlonshlp between the mclusmn be\lﬁ\g studied, and the actual gold deposmng fiuid, all

‘ samples for fluid mélusmn ana]ys1s were d1v1ded mto two categorles Stage 1 mclusxons were

]\

assumed lo comam fluids representatwe of the early hydrothermal fluid at Venus The ﬂuxd
]

in Stage Il inclusions was assumed to be representatnve of the gold depositing ﬂu1d.
' £ . : .
The criteria used for assignment of a paragenetic stage to any one field of fluid

.

Y
e N

1. The m'merelogy and assay values of the part of vein from which the sample was taken. .

43 -
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. Low grade gold parts of the vein containing quartz, arsenopyrite, and pyrite yiclded Stage

I inclusions. High grade gbld-parts of the vein containing quartz, sphalerite, and galena

are paragenetically later than Stage I, and contain Stage ! and Stage 11 inclusions.

Petrography - ttre polish on the ‘fluid inclusion chips was of high enough euality $0 that

gold grains could be loc'ated‘ usirrg reflected light.. The quartz‘ veinlets containing gold

grains were assumed to contain Stage Il inelusiorrs. In practice, this technique was used

only tw'rce. singe moSt-gold grains occur as fracture fillings or replacement blebs.in R

arsenopyrite, and it was impossible to trace the related quartz veinlet.

L

Inclusrons in sphalerite were assrgned to Stage Il Mostof the gold was dcposrted later
[y L‘

than sphalerite, but inclusion fluids zf:ﬁphalerltc are probably closer in character 1o the

P

gold depositing fluid than Stage I fluidk.

Secondary inclusions were analyzed in addition to primary inclusions, since gold was

% . B \
introduced later than the bulk of the quariz.

L
L

Abbreviations used in this chapter are:

‘TmCO, = final melting temperature of CO,
Te = eutectic temperature of inclusion' brine (first melt)

Tmice = f inal melting temperature of ice (last melt) -

"

TmClath = fmal melting temperature of CO2 elat&{rate —

‘ThCO, = homogenization temperature of CO,
Td = decrepitation temperature ” S ’

~ K . . -
Th = final homogenizatiori temperature (between H,O and CO, or between H,O and

A

vapor) : | SRR o R
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' B Analytrcal Techmque o - »
' A USG.S. gas -flow heatmg/f reezmg stage purchased from Flurd Inc was used for
- microthérmometry. The stage was slightly mochf ied. at the Umversrty of Alberta (Murowchrck
pers. comm., 1986). Descrrptrons of the US.G S stage are grven by Roedder (1984) and
Shepherd et al. (1985). The stage operates by passmg\.pre-heated-or pre-cooled gas over and
around the sample chip, which 1s held in pla(:e by a thm thermocoupie wire. Major
‘temperature cor-recuons are not necessary-dye to the low thermal mass of the stage Precise
hpmogenization and melting temper‘aturgtr b'e obtained by quick temperat&re cﬁ?ﬁg using |
an attached pedal. A - o | .
Petrographrc descrrptrons of the mclusrons were made using a Leitz mrcroscope
' attachcd to the heatmg/f reezing stage. 10X perrplan ocu]ars in combination with 4X 10X and
32X10b_1cctrvcs~were used for fluid mclusron observations. ‘
5 : .

A total of "35 doubly polished f luid inclusion chips, consisting of quartz or quartz and
spnalerite 2v_»:c»-}:re marie. Some‘ehip_s (‘#12,50.267,279,538) contain in_clusibns too small for
microtheér;rggmetrrc anaiysis. Most :qf,;t,he quarti ehips yielded inclusions for eXamination, but’
suitablé snhalerite hosted inclusions"'u/‘ere veryr difficult to find due to the dark brown color of
m'ost sphalerite grains. o s | (

A sketch of each chip and a _generalzpetrogra'phic description of the inclusions inbthe
chip were made before breaking the chip‘into‘s'maller-pieces. Eaeh smaller chip was used only

T once ina heatink-_f reezing run, although the phase changes in the inelusions being observed

were checked at least twice for reproducibility.
IS 0

.

.M'casurem_ents of all melting and .ho‘mogen;zation temperatures were repeatett“atwltéast
twice to test for renroducibility Replicate rneasureme‘nts for TvaO'2 u/ere within +1C ‘F‘
Replrcate measurements for Te and Tmice were within 13°C, and within +2C for TmClath. B
ThCO, was drf f 1cult to meas\ure ‘the. reproducrbrllty of measurements was £3C.

Reproducibility of final _homogemzatron temperatures for both Type 1 and Type 2 mclusi'ons '
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was usually 'better than £1°C for temperatures between 200°C and 320°C.
All melting measurements during the freezing run were made first. All inclusions were

cooled to -120°C, and then slowly heated. When the temperaturerapproached within 10°C of

" important phase changes, the warming rate was slowed to +0.2,t0 +0.4‘C/min. below the

expected Th, and the sample was allowed to equilibrate. The sample was then heatgd ata

‘constant rate of +0.3 to 0.4'C/min. Any.inclusion that showed signs of leakage erthcr during

~J

mmal petrographic worjk, or. durmg heating/freczing runs was ignored. Tablc S lists the

melting and heating measurements for all inclugfons. ' .

C. Inclusion Petrography’
The general nature ‘ol” the inclusions in each chip was described, and a sketch was
made“ of the iield of inclusions to be studied during heating/f reczingvru’ns. The inferred origin,
type, inclusion length, inclusion width, vapor bubble diameter and the estimated volume |
percent- of each phase (at room temperature a:nd at 40°C) were noted. The method used for "‘.
volume estimates is discussed in a later;secridn. ) .
; Samples of quartz in the fluid inclusion studies ranged from coarse-grained, rclativcly ’

- 4 i S R
clear euhedral crystals to crushed or strained quartz containing numerous shears, defined by

small secondary fluid inclusions. The shears crosscut grain boundaries and, in some samples

, crosscut each other. Identif ication of primary, secondary and pseudosecondary mclusrons was

based on the criteria suggested by Roedder (1984). In general large isolated inclusions were

assumed to be primary. Primary mclusrons also ‘occur in planar arrays outlrmng pmmary
glowth direction. Most prrmary inclusions studied are small (averaging 10 x 8 um) in size.
Larger primary inclusions (up to 30 gm long) are generally irregular in shape. Smaller
inclusions are often oblate. Large, primary mclusrons are commonly located in quartz
Q
intergrown wrth galena or sphalerite.
Useable primary flurd mcluswns in sphalerite are very rare and difficult 1o see, due to

the dark brown color of most'-‘sphalerrte grains. Primary inclusions in sphalerite are generally

large (>.20 um) and commonly show. a negative crystal shape. Although heating/f reezmg runs
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: 'wEre done on several inclusions in sphalerite, temperature measurements -yere obtained fTom

: mclusnons in omy three chlps (115 A,494-C,789- A) " ,

: .genewy oval in shape Secondary mclusnons in sphalente are generally flat and 1rregular in

) shape 5

-

ks

Types of Inclusrons "
- Two types of [ luxd mclusrons Were recpgmzed based on appearance at room
emperature -and behavxor durmg heatmg or coolmg, Frgure S shows representatlve drawirgs

of® each inclusion type. Figure 6 shows drawmgs of f lurd@clusmn f 1e]ds fvrqm selected chips.

Typel quu1d Vapor mclusrons . < .
‘Type\ mclusrons are charactenzed by two vrslble phases at room temperature

‘ (aqLeous ‘brine + vapor bubble) Neither solid CO, or CO, clathrate nucleated

l-.

. Type la:

4'

quund vapor mclusrothammg a vapor bu%ble which constltutes 5 t(?'zO

percent of the total volume.

’ : anurd vapor inclusions contammg a vapor bubble constituting less than 5.
z ‘ percent of the total inclusion volume. Thls type of inclusion is often

¢
secondary, xrregular in shape, and fl

‘ K/ . ' .0 . ’ V . N * ]

Type 2 H,O CO2 mclusrons

Type 2 mclusxons are characterrzed by the presence of CO2 Type 2 mclusrons

can be dtvnded mto three types : ) S e .

., L /-’"

" o 55

LS .
during- freezmg Type lmclusnons can be’ subdtvrded into_ two types ' o

e
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Type 1 Liquid-Vapor inclusions .

(\\/  Typeta B L

Type2  HO-CO, ‘inclusions
L * E

Type 2a

thll inclusions drawn as they appear at room temperature (23°C) 5’? W
L =-aqueous brine X | : | K Scale
V = vapor ' h .
= vapo : 10 pm
Lc = liquid CO, .
A Vc=gaseousCO; . - A :

i

O R

. Figure S. Types of fhﬁd"inglusions. o \ ‘ ' .




Chip 449 - consistent liquid-vapor ratio in
primary Type 1 inclusions and
‘Type 2¢ inclusions.

Chip 1099 - shows variable H.0-CO, phase
. ratios .in Type 2 inclasions.
Also shows secondary Type
1a and Type 1b inclusion"s.

Figﬁfe 6. Modes of occurrencefor fluid inclusions.

 10pum

57

[ S— |

Chip 776 - consistent H ,0-CO, ratio in
' primary Type 2 inclusions -

é

: Clqse-up of sphalerite hosted inclusioﬁs
with daughter crystals



Type 2a o~ i . o D e

Thrs type of mclusxon contams three visible phases at room tcmperaturc P{l :

(H,O COz llquld and CO, ~apor). The CO, vapor ‘bubble conktltutcs less \t '

ERE - than 50 percent of the total mclusxon volume (estlmatcd vmually)

5 Type b

H,0-CO, inclusions that contain a vapor bubble constituting grcate_r than 50 ° .

- volume percent CO, (estimated at"room terr(lpcrature)'.,
Type Z: o : ' .
H,0-CO; inclusions that appear lo contain two. phases at room témpcrattnrc.
A [htl‘d phase (most often (‘JO2 vapor) may nuclcate on cooling. Thc (,O,

" .vapor bubble constitutes 5 to 40 volume percent of the total inclusion,
¥

' / Ty'pe 2a inclusions are volumetrically the most abundant typeof irficlusion. Type 1b
/ : - inclusions are us-ually secondary inclusions, commonlylocated in healed fractures. Type la

and Type 2c inclusions look very similiar at room temperature If the vapor bubble?contractcd

~on coolmg, and no CO, or CO2 clathrate nucleated then the mclusxon was cla,ssnf 1ed as'a Typc ‘

1la (liquid- vapor mclusron) Ifa new vapor or quuld phase nucleated on cooling, or 1l‘ Tm(,O,

)3 TmClath was noted tlmn the mclusron \‘was classrfled .as Type 2 H, O -CO,.

N

No daughter crystals were, found m any quartz hosted mclusrons Three sphalcnte

osted mclusrons (115 -A-1,195-A-5, 789 A- I) contamed umdenuf:ed daughter crystals

i

1gure 6) The daughter crystals were black and olther oval or trrangular in shapc Ryc and A

N

%wkms (1974) desc!nbe similiar daughter crystals in sphalerxte hosted mclusnons from thc

Casapalca Ag-Pb- Zn Cu deposit in Peru, and suggest that they mlght be tetrahednte or

‘ chalcopyrlte o I o T u— R

2,



59

D. Phase Changes at iow Temperatures ' ‘ ‘ : : .
Eutectic T‘erﬁperature

Eaich.f luid inclusign ‘brlne is characterized by a eutectlc minimum, which can be used * -
to estirualc what ionic species are present in the fluid. The "e.utec'tic temperature of an
inclusion is measured at the first appearance of liquid after complete freezmg

'_Measurement of Te was difficult to determine because of the small size of the
inélusrons being measured. Ancther difficulty was that the amount of melt formed at the
cuteetic temperature “gs_ge_n_e_rally_yery small. This is characterlstic of low 'salinity f;luids

when the bulk .composition of the system lies far from the eutectic temperature (Crawford,

P au&

1981). .
| TW’emy-ei_ght values of Te were obtained from Type 1 liquid - vapor inclusions. A ‘
histogram of the results is shown in Figure 7. Most values \;vere between >-15 and -25°C. This
is within the range for the eutecuc temperature of -20.8" C f ora pure H,0-NaCl solution
(Crawford, 1981) T he addmon of KCl to a H Q -NaCl brine lowers the eutectic to -22.9°C
-(Crawf ord, 1981), which is also within the‘!‘;gnge of the measured Te values. The addition of
%

CaCl ;0T MgCl2 results in a much greater‘depressxon of the eutectic temperature

(H,0- MgCl,—33 6 C H O CaCl,—49 5°C) than is 1nd1cated by the results

| Fiual Mel'tihg 'femperature of Co,
| _The melting -point of CAO2 in Type 2 inelusions \;vas measured to deternrirre il‘ CH, is
preseut in the‘f lyld At room temperature, C02‘ and'(.ZOI-CH.‘_‘inelusions are iudistingulshable.
The presence ot CH, can only'be"detecteclby observing the low ternperature behavior of an

' itnclusil‘on. The a;ddition of CH. lowers the melting point of CO, (-56.6°C) and extends thew ;

temperature interval pver which TmCO, .takes'plaee (Burruss, 1981). The amountof

- reduction iu.TrnCO,from -56.6'C giv\esA enly :; semi-quantitative estimate .of the bulk

bd

composition. CH, is strongly partitioned into the CO, vapor bubble, and the measured

-

. i <
TmCO, relals only to'the CH, depleted liquid phase (Burruss, 1981).'l‘oicalculate the true
@
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CH, content, the ThCOz’ must be measured and used in conjunction with TmCO,. These
values are compared with known P-V-T-X datd for CO,-CH, systems to obtain mole percent
CH,. . . . |

The recogmuon of CH, in inclusion fluids is parttcularly important when calculattng
sahmtrcs in the H,0-CO;-NaCl system The effects of NaCl and CH. on salinity are opposrte

so TmClath measurements alone cannot be used for calculatmg salmmes if CH. is present in

the fluid (Burruss, ]981) .

e

Eighty~six values for TmCO, in 'fype 2 inclusions are plotted as a histogram in Figure

8. Most mclustons had TmCO, between -56.5°C and -57.0°C. The average TmCO2 value is

*

-56. 8 C 55 C. Three inclusions (106-A-1,106- A 2,106-A- 3) have-a lower TmCO;
(- 58 5° C -60.4°C,-60. 8C) compared to other Venus mclusrons For these three mclusrons the
TmCO, results have to be eompared with TmClath in‘order to verif y the presence of CH4 in
} the chip (see next seetion). | -
~ Final Meltmg Tcmperatme for CO2 Clathrate
Measurement of TmClath was attempted for all Type 2 u‘iclusrons CO2 clathrate

b
T orms as a. result of mteractron between the H O and CO; (ltqutd + vapor) cornponents of an

.

inclusion (éoglms 1979). Increasmg the NaCl content'decreases the chemical potent1a1 of the
waler, thereby lowering the temperature of formation of the elathrates (Burruss, 1981).
Clathrates are solrd compounds in which CO2 -gas molecules are encaged in-cavities within a
crysal latttce of water. Any salts or 1ons in solution such as NaCl are reJected gom the

' clathrate lattt_ce. T m1ce_ measurements recorded in the presence of clathrates results in an
overestimation‘ of salinity due to the removal of water from the aqueous phase during

g

) clathratton (Collms 1979).

Collms (1979) descrrbes the effe n sahmty and suggests usmg the

L '-f-ma+ meltang temperature of t.he c'ih

i buld show aﬁmClath of IOA,' eVer w1th mcreasm ltmty, the

g




10.0

TmClath :

40
-Temperature ('C)
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- 80
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Figure 8. TmCO, and TmClath temperatures from Type 2 inclusions.



- (Y975) ror H,0-CO;-NaCl solutions can be used: - o o

W =15.52023-1 .02342(TmCIath)-0.05286(TmClath)’
Where: W#weight percent NaCl in solution

TmClath = final melting temperature of CO, clathrate ("C) -

The technique described by Collins (1979) for measuring TmClath was used in this
study: The inciusion is warmed slowly until just prior to the suspected decomposition of the
clathrate, then the inclusion is quickly cooled. If a clathrate is still present, it will renucleate-

—

on cooling and deform the interface between ,CO2 and the aqueous fluid. The procedure is
brepcare‘d atl temhperature increments of +0.1°C until the clathrate is completely decomposed :
and does not rcnuc]eate 6n cooling.
l‘ TmClath values are plotted as a histogram in Figure 8 Figure 9 is a hrstogram .
- showing the wexght percent NaCl equivalent values after the above formula is applred to the
— “Taw TmClath values. The average TmClath value is +8.2°C + .48°C. which corresponds to an
average salinity of 3.6 weight percent NaCl equivalent, There.is a range in TmClath values
B from +7.0t0 +9.6°C. Almost half (39 ou&fg& 80) og ‘the values are between +8.0 wand
N +8.5°C, which corresponds to a salinity of 3.0 £0'4.0 weight percent NaCl. Except for chip
| 106-A (TmClath= +8.2. to +9.6), the TmClath values forl‘any one chip are within a range of 4
+ 5C. |
- If CH, is pr’esent«;rﬁ the inclusion then TmClath cannnot be used to estimate salinity
(Collins, 1979). CH, ra ﬁ’@m upper temperature limit of CO, hydrate melting, thereby
‘ coumering‘ the eff ect b aCl which decreases the temperature limit of CO, clathrate. A
TmClath value of gver +10 0°c mdrcates another gas, such as CH,, is present in the
mc]usron There Lire no TmClath values above +10.0°C lrsted in Table 5. The highest two
values are +9.3 and +9.6C. The- elevated TmClath values f or these two inclusions

— W
_corresponds to a depressed TmCO;. ® ‘



30 " Salinity calculated ffom
o8 TmClath in Type 2 inclusions
Salinity calculated from
J " ‘
26 \ _ Tmlce in Type 1 inclusions
o4 \ ] ‘Gas-corrected salinity from
‘ ‘ Tmice in Type 1 inclusions
22
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;. - Salinity (weight percent NaCl equivalent)

~ Figure 9. 'Salinity (weight percent NaCl equivalent) .estimates for Type 1 and Typé 2

inclusiops.
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The shifts in TmCO-, and TmClath for inclusions 106-A-1,and 106-A:

small amount of methane may be present. lnclusionﬁOGlA-z same chip has a

TmClath in the average range for Venus, therefore the evidence for the presence of methane

in this chip is inconclusive,

Final Melting 'I‘emperaiure of Ice
- The final melting temperature of icc was measured in Type 1 inclusions by
supercooling the inclusion, then observmg the Tmlce on reheating. In the HyO-NaCl system,
the lowering of the freezing point of pure watef is directly proportional to the amount of salt
in solution. The final melting point of ige is measured instead of the freezing point of ice
bccausc; most inclusions have to be quercooled in order to freeze (Crawford, 19§1).
. Tmice was difficult to measure in most inclusions. The technique described by
Roedder (1984) was used to more easily recognize ice cr;;tals. In this method, the inclusiém is
~allowed to warm up to -10°C, then the heatiﬁg rate is slowed' to +0.3to +0.4°C/min. The -
temperature is; then’ held at several degrees below the suspected Tmlce, in order to allow a
large ice crystal to form. i |
| The raw results are plotted as.a histogram iﬁ Figure 7. ’fmlce ranged from -5.0 to

-1,0°C, with most inclusions showing a Tmice of :3 0 to -4.5C. The average Tmlce value is
-3.4 i .93°C. There was no variation in Tmlce between Type la and Type lb inclusions, or
between mclusmns represematwe of Stage I quartz and inclusions representatwe of Stage II
quartz.

The Tmlce results were converted to salinity using the following formula given by

= Potter ef al. (1978).

W=0.00+1. 76957T-(4. 2374x10 2)T’+(5 2778x10 ‘)T’

Where W = weight pefeent NaCl equxvalent in solution

Tzfreezing oint depression in ‘C
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- The results ai'e plotted as part of histogram on Figure 9. The measured salinity for
Type 1 inclusions ranges'from 15 to 7.5 weight percent NaCl equivalent. The average salinity
is 5.5 ‘weight perceht NaCl equivalent. Figure 9 shows that the salinities calculated from
Tmlce are considerably higher than the salinities catculated using TmClath.
Hedeﬁquist and Henley (1985), show that dissolved CO, ir; the H,0-CO, system may

result in the lowering of the 1ce meltmg tempcrature without the [ drmation of visible CO,

hquxd or CO, clathrate on coolmg The dlSSOlVCd CO, may escape detection during routine

fluid inclusion studies, and yet may contribute up 10 -1.5°C to the depression of the melting

point of dilute fluids. If CO, is present in smali amounts in Type 1\inclusions, the apparent

salinity (the salinity calculated using Tmlce) will be higher than theactual salinity.

Gas corrected salinities range from 0 to 5.5 weight percept NaCl equivalent and

| average 3 to 5 weight percent NaCl equivalent (Figure 9). The gas corrected salinitics more

closely match the salinitie\e calculated from TmCiath, but the CO, correction may not be
necessary. An increase in salinity (shown by the uncorrected Tmlce values) Would be expected
due to vapor loss duri‘ng sporadic phase separation (see next sectioh). The increasc in salinil)."
exhibited in Figure 9_ is tPeref ore assumed to be real, and not a function of dissolved CO, in

the aqueous phase.

E. Heating Measurements

Homogenization temperatures were-determined uéing lhe- “cycling" method for the
U S C? S. heating/f’ re.ezmg stage. Final homogenization temperatures (Th) and CO,
homogemzation temperatures (TnCO,) are listed in Table 5 and plotied as histograms in
Flgure 10 and Figure 11.

H,0- CO2 inclusior®have high internal pressures which can exceed the strength of the
walls%f Ihe host mineral, depending on the size (Leroy 1979) and composition of the
inclusion fluid (Burruss, 1981). Decrepitation of Type 2 inclusions was a‘probler_n.durmg the
study until fluid inclusion chips were‘made' thicke,r émdL smaller inclusions were choosen for

heating/freezing runs. Any inclusion that showed signs of leakage was ignored.

N ! . ’ N
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J ] The CO2 ph«asm‘ most Type 2 u{luksrons homogemzed to the liquid pha%e In one |

mclusron (789- A 2) the C homogemzed to the vapor phase. Two inclusions _ y
(2}5 -C-1,278-A- 2) showed crmeal homogemzat;‘on behavr?r (the boundary between the CO2
vapor and CQ, vapor f aded) at temperatures near +31°C. The values for ThCO Tange

between +21 and +3O C, with most values between +25 °C and; +30°C. The average ThCO;

1s +273C + 1 I'C

a . ; . . - .
’ —— : -
o

Thf densities and pressures of the CO2 phase in Type 2 mclusrons are calculated from

the CO2 homogenrzatron temperatures the modes of homogemzatron and the equauons for ,
001 densmes and pressures grven by Angus et al. (1976). The FORTRAN program CHNACL

GNrcholls and Crawf ord, 1985) was used to calculate flurd composrtlons

Calculated densrtres of the CO; phase are, lrst,ed in Table 6 and range f Tom 0 62 to 0. 76

¥

g/cm3 The average CO, density is 0.67 g/cm’

- HomogenliatiOn tem‘peﬁtures'are‘ plotted asa hi‘stogram in Figure 11 Ternpe'ratures’
of homOgenization f or.primary Type 2 inclusions range fror_n 210;C-to 320°C in Stage I duartz.,
.andlZOO'C to‘31(l°C ‘in Stage Il quartz The. a'verage' homogen’izati'on temperature f or Type 1 S
mclustons is 191 C i 31.2°C., and. the average homogehrzatlon temperature for Type 2
mclusxons is 266 C + 26.9°C. The average homogemzatron temperature for Stage I prlmary o
Type 2 mclusrons rs 290 C; au opposed to 260°C. for srmlhar Stage I mclusrons Deereprtatron
temperatures are Iower (230°C to 280 C).in Stage 11 mclusrons c0mpared to Stage I mclusrons N

(270 C to 300°C) Homogemzatron temperature§ for sphalerlte hosted mc&srons range from

o

140 C to 210 C; however these temperatures were drf f icult to measure and ‘may be in error by

.
i U S
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F. Fluid Composition and Bulk Density
The bulk density of a fluid inclusion may be calculated from th&pha’tse ratios of H,0

and CO, at 40°C, and the temperatures and pressures of various phase changes in the -

: ‘inclusr"on. Once the composition and bulk density are known, lines of constant /gensity, or
, | e .

molar volume may be constructed on ap-T dragram

R Any estimation of bu!k densrty is based on a number of assumpuons (Burruss 1981)

~

- ) . /
RN 2 ' ’ ;
1. At 40°C, the coexxstmg CO2 and H,0 phases are pure endmembers

which are: . _ o Jme S C
A ‘ : - PN
C .. s . l" ) . . . -

.« 2. The bulk molar volume of an inclusion is a linear combination of the end-member

-
9

components. : o ﬁ? Y ,
3
3 Up to 40°G, the H,O phase is mcompressrble ‘and therefore the pressure within a grven
S mcliron is frxed by the 1sochore for the one phase’ CO Httrd at 40°C. o ' .
S 1 u o : v
- ' L. . . ~ { o )
‘f" - . ‘“%‘ . e \ . . ) A"v . ‘. ‘.\ \\. ]
K ST . 5.»_.,;@ -
$ N G . & N w ot . . -—
1 ot '
Bodnar el al. (1985) point out\ that the fll'SI' assumptron may. be i in error for’ mclusrons wrth
| k3 B . ‘
‘low CO, contents or low mternal pressures ’ ,fv . S A
. . 1 :~',, e .

- is the volume estmﬁ'e of the CO; phase in ‘the 1nc1usron at 40°C. In this study, the dxagrams i O

The major source of error in any estimate of the mole fraction CO, and bulk den?sity

~of Roedder (1984), and Shep‘t?erd et al. (1985) whrch 1llustralte vatious volume percentages g

Vel

and degrees of fill for dif f erent shapes of mclus:ons were used ‘Also, the dimensions of each B

¥ ~—

fluid inclusion, and the diameter of the vapor bubble were measured usmg a mrcr’ome.tér p

ocular v ’
. 1‘ : — : ¢ S S
o attempt was made to use Bodnar S (1983) method of calculatmg volumes and .
‘ v ¥ : b+] :

densmes f ov rrregular shaped mclusrons The method depends on the prectsxon of ‘measuring

’

the vafor bubble dlamefer Most ,gapor bubble drameters at Venus ase less than 5 pm. Bodnar -

(198%) showed {hat the error generated when usrng such small vanor 'bubble dra‘{neters is large

L ) ~
L >

R )

j .



SIS

| Fyfe, 1981; Kay and Strong, 1983). Both boiling and effervescence are srmply examples of

| .

The mole fractrons salmmes bulk composmons and molar volumes for Tvpc 2

74
so the method was not used

inctusions are listed in Table 6. The average n;ole fragjion CO, content is- 13 t .09. /Tablc 7

is a summary of the average fluid composmon.

I
B

R
.

mechamsm for précious metal pr;cxprtatron in epithermal systems (Drummond and Ohmoto .mj
A

1985 Bodnar et al., 1985) In\ hydrothermal ore f luids contammg CO2 or othcr drssolvcd

gases, ef feryescence has been suggested as a mechamsm for gold precrprtatron (Kernch and

phase separation. Recognition of phase separation in the fluid is ipy rtant because of the .

L lwe effecl on gold prectprtatron ang accompanymg changes in f Tuid chemrstry

Flurd mclusrons trapped from a heterogenepus f’ lu1d may k similiar to mclusnons _

¢ ., vr'."»'

RN S ~
trapped dunng the later separatron of an orrgmally homogeneous one. The cqnstancy of phasc

ratios in a number of inclusions can be used-to distinguish betwedfi the two situations.

K _Roedder (1984) suggests looking for widely variable H,0-£0, fatios as evidence of phase

S~
separation from an ongmally homogeneous ﬂurd although he cautlons that vat&ble H; O CO; .

ratios can be caused by trapping at dr'fferent trmés from f lurds under drf ferent ¥ \

pressure temperature condmons ‘The CO2 volume content in Venus mclusﬁgns ranges {rom 5%

© 10 60% and averages 20% tQ 30% Some frelds of view (Chrp 776 A Figure 6) contam

- 'mclusrons thh con51stent H,0- CO, ratros Wthh mdrcate that phase separatlon was not takmg

ratios was noted by Wood & al (1985L in the Hollmger Mclntyre gold deposrt

i h& vagiable i~ ,

¥

place When t‘he mclusrons were trapped Other chips contam prlmary 1nclu i

H,O COz ratlos (Chrp 1099‘-A) It is possible: that the chips with consrstent H,O CO, ratios

represent the omgmal earlier homogeneous f luxd A similiar drstnbutron of H,O -CO, phase

-

. 3 aep e B
" B
. . . ; e, et




' Moll’fr Frabtioﬂ .
CO, .

‘ K ~ Sﬂiﬂitx
sA¥g“(weight percent NaCl
% ._ equivalent)

M.y | Bulk Density
. (glc m’)

Molar Volume -

Temperature (°C)
- Pressure (bars)
-calculated using average fluid
composition

,Pr\e‘,ssure (bajs)- ‘

-calculated using average pressure
_from individifal fluid composifions

@

{ : ‘(‘rriole /1) | P
Homogciation‘ S

”
a:., ¢ 02 ' n‘.‘ﬁ
st
17
3.4
088 093 - 091
25.3 229 240
.
290 260 . 275
S
1750 11000 1250

1100 1150

- S ‘*
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\\ammanon of homogemzatton temperatures in thure ll shows that prtmary Type l
inclusions have l’ower homogemzatton temperatures (150°C to 260°C) than primary Type 2 | ?
mclusnons (200C to 320" C) Most secondary inclusions (Th= 150° Cto 210 C) are Type 1 . ‘
inclusions. Secondary ltqurd vapor mcluslons were noted in samples from both Stage 1 and
Stage 11. The existence ol” CO, free liquid- vapor inclusions was noted in samples from both
Stage 1 and§tage II quartz. L‘lQuid-vapor Type 1 inclusions homogenize at lower lemperatures
- than Type 2 mclusnons A plot of mole % CO2 vs Th (Figure 12) indicates' a slight depletton
- of CQ, in Stage ;I 1nclus1ons relative to Stage I mclusnons Lower temperaturc prtmary T%{ge fﬁ' ~t§ *
: -1 mclusmns n';ost of vabtch age ‘lnf«&tagﬂl.e arevéompletely *Eep};tedﬂm CO,, 2s are%eco:tzgary

‘liquid - v!por mclusxons present in both stages The plot suégests that sporadic CO, separauon

T (or eff ervescence) took place between fOOC and 26OC leaving a resrdual CO2 free f luid-.

I gt

Although there is no conclusive evidence for H,0-CO, immiscibility at the. time of

-
L,
[ ol .
trapping, the above section presents evidence that sporadic phase separauon probabg occurred - ;‘g
. N
during the later stages of mineral de_posmon. . - . PEECA Y
- ]
ssire and Depth Estimates N R

A plot of pressure vs mole % CO, (thure 13) is used in conjunction with

] omogemzatron temperatures to graphtcally obtam the minimum pressure of trapping,
assummg the coexistence of a CO, phase. Flgure 13 has been constructed' using. the dragran‘ts.‘
of Parry (1986) for the 6 wetght percent NaCl isotherm, and d\‘grams from Takenoucht and
Kennedy (1964) for the 0 welght percent NaCl isotherm. The 3 weight percent NaCl 1sotherm .

in thure 13 has been extrapolated from the 0 and 6 wetght percent NaCl 1sotherms The
aVerage salinity of Venus f luld is 3, 6 werght percent NaCl equivalent, whtch corresponds
‘cl%sely to the 3 weight percent NaCl 1sotherms on thure 13, ) 170 | ‘

The average mclusron fluld from Venus (Table 7) has a mole fractton 2 content of

0. 13 + .09,and a homogemzatton temperature of 27SC This corresponds to a pressure -

(usmg Figure 13) of about 1250 bars assummg that the mclusmns-were trapped in the two N
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3000, S
ﬂ g
2500
N ‘.w ' & J“g’ .
. - . i
2000
> o
g, i,
: _1 Yy 0 wélght percent NaCI
% 509 —_— 3 welght percent NaCl
&_’ 6 welght percent NaCl
1000 Do .
» :
500 |«
‘ v - ’ L4

Mole % COQ,

0o 10 20 - - 30

40 50

anure 13. Pressure vs. mole % CO, (modifi 1ed after Takenouchi and Kennedy (1964) and

P

. Parry (1986) .



phase ficld. Stage 1 rnineralizing f luids have a higher mole fraction CO, (0.17) and a higher
average homogenization temperature (290°C), which corresponds to a pressure of 1750 bars.'
Lower temperature (260°C) and CO, depleted 'Stage IT inclusions have an average pressure of

about 1000 bars.

.

The pressures mentioned above were estimated by assuming an average fluid.

inclusions mosuikely has a composition that differs from the average fluid composition.

_Figure 13 shows that even a slight variation in the CO, cdntent, for instance, will drastically

]

affect the pressure gstimate for any one Particular inclusion. Pressures were calculated for

each individual inclusion (Table 6). An average pressure was then calculated from the

individual flui pressures The pressures range from 250 to 2700 bars The pressure
estimate for St sions is 1300 bars. Stage U inclusjons have an average pressure of

Gt

‘1100 bars, and the average pressure for the syatem is apout 1150 bars The average pressure

calculated by using the tombined ,pres“s)ures&meachmnelusxgn is lov(er\than the pressure range
calculated usmg average fluid composrtton The pressure calculated using 1nd1vrdua nclusions

probably most accurately ref lects the true fluid pressure
h Y

o - | o

A large anfount of uncertainty in pressure estrmates is due’to errors in estimating the

N l

fluid composmon and henceSts P-V- T charactenstlcs Bowers and Helgeson (1983a*) have
calculated P-V-T-X relatlonshrps in the system H,0-CO,- NaCl Any estrmate of fluid

composmon mcludmg CO, content is very dependent on volume estrmates The effect of an

L 4
©error in the volume estimate of CO, on, pressure is illustrated by inclusion 474-A-4. Thé {

mclusnon has a volume percentage of CO; of 35% CO,, correspdndmg to a mole fractron CO:

of 0. 12 The homogenization temperature is 298. 8 C, and the salmrty is 3.4 werght percent
‘

NaCl equivalent. Assummg d Th of 300°C, and a salinity of 3.0 weight percent NaCl

. ‘ .
equivalent, the pressure is about 1000 bars, If the volume estimate is in error-by +10%, then

the corresponding pressure estimates would be 500 l)ars for a volume of 2)5%‘CO2 and 1700

Y

bars for a volume of 45% CO,..

X , -

Jer

~composition (Table 7) for the quartz depositing fluid. However, the fluid in individual -~

N .



R

An increase or decrease in salmrty also af f ects the position of the boundary bctwecn
the one and two phase fields. Ellis and Goldmg"(’!@m) showed that when NaCl is added to
the pure H,0-CO, system, the solubility of CO, de cre‘ases. and the miscibility gap is widened.

Takenouchi and Kennedy (1964) showed that even foraa a s_olutioh containing 6 weight percent.

4

_ aCl, the solubility of CO, is reduced to about half the, value for pure water al the same
témperature and pressure. The effect of increasing NaCl content is shown in Figur’c 13. An
inclusion with 15 mole percent CO,, 3 weight percent NaCl and a Th of 300°C, will have a "

minimum pressure of about 1300 bars. If 6 weight pcrcent mstead of 3 weight perccnt NaCI is

”

assumed then the pressure would be 2500 bars.

g .

The homogenization temperatures and pressur’es in Table 7 tnay represent minimum

pressures and temperatures of entrapment If the pressure on. the fluid at the time “(")lﬁg '
e

entrapment was greater than, the vapor pressure of the f lurd in the mclusncn at the Th, then

the CO, and H,0 will homogemze ata temperature below that at whrch the mclusroﬂ ormcd . :

~/

In this case, the temperature drf ference (i.e. ' pressure-co_rrectron ") between the

homogeﬂi,a'rtion temperature and the trapping temperature must be a.dded to the

. homogenization gmperature to obtain thq true trapping temperature (Roedder and Bodnar,

1980). If the inqlusicn was trapped. when the f luid,was ef f e’rveSCing; then the homogenization-
[N ' .

- .temperature may represent the true trapping temperature, and ng’ pressure correction is

needed. The previous section outlmed evidence Tor a%late stage phase separation when the

4 e

-

temperature of the fluids dropped below 260 C.

3

pressures.



H. Summary

dctcfmined using [luid inclusion analysesi

1

. The initial Stage I fluid is characterigB W8

The following constraints onthe r‘t‘ !
ofnogénimion temperatures averaging 290°C,
a modcrate CO, content (.17 molc'bn) and low salinities (3 to 4 wcigﬁt percent
NaCl equivalent). | |

Stagé I fluid is characterized by hpmogcnizatfon ten;ﬁéra\gres averaging 260°C, low CO, ‘
contents and slightly higher salinities (up to 7.5 weight percént Nqu eqt'vaalem) relative
to Stage 1. , - - . T
Sporadic effervescence of the CO; phase is indiéated by widely variable H,0-CO, phase
ratios in some groups of inclusions. | |
ghc a;'erage pressure in the 'Venus system is aindut 1000 to 1300' bars, but individual ©

o) ' -
inclugions may have pressures far greater or lower than the calculated average. /

oy e L
-

~
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—_ - V1. STABLE ISOTOPFE, S'l‘Ul)‘\;

A. Introduction ) _ S
_ A preliminary study (Zhang pers. comm., 1985) of tim 610 valu;s of quar;z sa?ymjcs

from the Venus vein revealed an unusual enrichment in 'O relative to epithermal precious |

. metal vein deposits "hosted in young Volc.anic rocks (Field and Fii‘arck, 1985). The aim of ghe

present study was to confirm the '*O enrichment, and to better define the isoio‘pic naturc of

the fluid responsibie for formation of the Venus vein.

i

Quartz-sar;ﬁples for the prelimihary study, done by Zhang, were taken {rom ore shoots
and low grade areas within the vein structure. All andcsilic hostrock samples were taken from ﬁ;
underground, and have therefore undergone hydrothcimal gltcralion. A sample location map
is shown in Appendix 3.

For the present study, quartz samples from Stage 1 and Stage Il‘.‘wcrc selected for

L}
" analysis..Each sample of vein quartz selected for isotopic analysis was also included in the

fluid inclusion study. A sample of banded, chalcedony float found along the surface trace of
the Venus ‘vein, and a sample of chalcedony. found in outcrop were also analyzed. Scven

samples from other vein systenis on Montana Mountain were also included in the study.

" B. Analytical Technique

-
&

Oxygen lsotopes. _ e

¢

All quartz samples were fine 10 n;ilum gramed massive 10 crystallmc vein matcral

The samples were hand crushed to -40 mesh, and Lhen soakad in aqua regia for 24 ‘hours 1o

-,

_ remove soluble 1mpurmes. A small amfount of hydrogen peroxide was added to the aqua regia

?

to dissolve trace amounts of sulphides attached to the quartz grain8. The clean samples were
hand picked to f ‘urther purify the f mal product o B ~ s

Oxvgen was lnberated f rom the samples by reaction with BrF; for 12-14 flours al 650 C

(Claytom and Mayeda 1963).'The denved\oxygen was reacted with a plaunum treated carbon v

R . -
I ) [ ] . ¢
f
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‘\s, Y v | o
rod at approxlmately 850C to. produce CO, gas. The C("), gas was analyred by mass oL

\ ’

spectrometry to'determme\ the 6§10 value of the samples All oxygen 1sotope analyses Werc

petformed. by Dr. K Mﬁehlenbachs and Mrs E. Toth at the University. of Alberta The P ‘l
} © * |-
analytlcal eITor: 1s estrmated to be + 1%0 f or oxygen and -+ 10%u for deuterrum C

.. i .o . .
~. N ! .
" »
° «

VL R
-- _Hydrogen Isotopes o .
4 Anattempt v‘vas’ made to extracﬁhe fluid colntamed in fluid mclusrons The meth /g |
,used involved. crushmg clean quartz samples toa grain size of about 0. 5 o1 0 mm 1* L
diameter. The quartz samples were plhhrﬂﬁaiz tub?ind heated 10 250° C to drrve off "
. water vapor. The tube was evacuated for.12 to 20 hours. The sample tube was then heated |

s

very slowly up to 600 C. The f 1u1d from all mclusrons whichkf decreprtated at temperatures

-

above 250°C was collected for two hours in a liquid nitrogen trap. A dry ice trap was then

3 used to separate CO2 and water vapor The f luid vapor was sent to Global Geochemrstry

.

Laboratory for hydrogen rsotoprc analysrs - /

Des :te numerorus attempts at fluid extracnon only two samples of' inclusion waters
. were collected. One of the samples leaked and was subsequently dtscarded‘. Each time the
'sample tube was heated to 600°C, the sample tube exploded in the f urnace/.,Various attempts .
to correct the problem' were made (annealing theesample tube, changing from quartz to a
Vycor sample tube slowmg the rate of heatmg changmg the gram srze of the quartz) Iti 1s
possible that durmg fmal heatmg, the pressure inside the tube bUIll up and the tube exploded
,duegto the Eelease of 'CO, gas from prrmary Type 2 f lurg .mqlusrons_ .
C. Results of Isotopi.c Analysis
The &0 results from both the prelrmmarv study and the present study are hsted in | /*
~Table 8. The jisotopic composmons of the samples are listed in the & notatton m permil (%) ’
-deviation from Standard Mean Ocean Water (Crarg 1961) |
‘ The erghteen quartz samples from the Venus mine had 610 values of +10.2 o

)

.+13 7%,. The average 6”0 ,value for quartz is +12. 1%0 + 1%0 Five samples of Stage l

/



Table 8. Oxygen isotope data. o L /t ‘
’: <
X " f i ' ) . .
Sample EIevgtlon‘ _ Paragenetic 8'30 lue Parent Fluld
.. . Number : - (ft.) Stage - (SMOW) 6%0 Value
< v - »
\ . . . : S
Venus Mine Quartz. Samples
62 ‘ 2850 B i +13.7 . 459
22 " 2850 I SN RILT 439
217 2800 - se2 0 +.4
235 ‘ ‘ 2800 N ‘ ‘+11.0 . +32
435 : 2700 . +136 - 5.8
, 498 - 2700 ‘ 1 +12.8 , - 45.0°
. 728 - , 2650 . I +113 +3.5
T 176 .. . 2650 i L4125 +4,7
1039 " 2600 i +12.2" +4.4
1099 . 2600 . | G +11.5 +3.7
10 o 2850 o +111 33
15 : 2850 : v +13.1 +53
117 2850 . . 115~ 437 -
. 233 2800 130 +52
o _ 268 ' . 2800 . +133 4SS
<521 2800 S w1220 ” +44 -
1032 2600 +127 C 449
1077 - ) 2600 . +11.0 +32
. Venus Veln Surface Samples .
e« 5009 o 3400 - 4142 +6.4
- 5059 . 2950 ~ © 3105, T 42.7
5068 . .. 3250 -, +11.8 : +4.0
Chalcedony " Float . ‘ 30 . 202
Chalcedony Outcrop ! -13 : -18.5
Altergd Wallr.ock * - /‘ - «
I A " 2850 100
30 2850 o +62
294 2800 . S . 486
47 2700 +105
1011 . 2600 : . +59
‘ 1031 2600 . +100
Intensely Allere;i
- Wallrock
60 . ' 2850 ' B +32 _
213 _ o 2800 » +66

432 . 2700 RS



e _ g

LY . . .
Samplé Elevation Paragenetlc §% Value Parent Fluld
Number (ft.) Stage (SMOW) §%0 Value * '
Montana Mountain
Au-Ag Veins
Ruby?Silver 4250 ° . ) +14.2 +2.6
Uranus Pit * 4600 +14.6 +3.0 _
" Uranus Adit 4600 +10.7 -0.9 .
‘ ¢ : . +10:2
"Peerless . 5000 v : \ +10.7 -0.9
\ : V%1001
Joe Peuty .5500 - +16.9 5.3
Aurora " 5600 . B +14.4 +2.8
Arcu’c . 5700 . +2.9
».

NBS-28=9.6% SMOW

1000 1n0=3.34(10°/T")-3.31 (Maltsuhisa et al., 1979)
Italicized values are from Zhang, 1985 (pers. comm.)

Parent fluid Lcmpc'ralures Venus 'vein=275°C
B . Chalcedony (arbitrary u:mpcralurc) 130°C (Fourmcr 1985)

Montana Mountain Au-Ag veins=200°C (based on fluid lnclusmn temperaturcs
from Uranus Adit and Joc Petty

'+l45\
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quaru have an average 6"0 value of +11. 8%; Five samples of Stage II quartz, have'an

* ~»

~average §''O value of + l? 3%o. The three samples taken from suspected Venus vein -outcrop

have an average §'*O value of +12 2%,. The two chalcedony samples have 6“0 values of -

.
o . Lo

% -1.3'and -3.0%. L . \

' - X . . S 130
sotopic analyses of altered andesitic wallrocks shows a wide range in' 6''O values. -

thermally altered wallrock samples have a rangé of +5.9 to 10.6%0, averaging

-

+8.5%,. Two mples‘ of intensely aitered wallrock from the clay alteration zone have values

 of +3.2'10:+6.6%,. The sample of "fresher” walirock has a 8°0 value of +1.6%.
| The one successful water extraction was from a quartz sample (#122) from the 2850
lcvcl of the mine. This sample had a 6D value of - 159"/.,‘J relative to SMOW. | |
' Seven quartz samples from other veins on Momana Mountain had $'*O values for
A _quarlz ranging from +10.7%, (Uranus Adit, Peerless) to +16.9%0 (Joe Petty).
The 6*0 values of the parent hydfothermal ore fluid "ca‘n be calculated by“using the

. oxygen isotope fractionation equation given by (Matsuhisa et al., 1979): -

© 1000ina=3.34(10/T?)-3:31 |
. | Where T="K \\‘_j

S

The 'temperatures used in the equation are obtained from fluid inclusion analysis. An avérage
" homogen’iza{lon temperature of 275°C is assumed for all Vemis quartz vein samples. A
_ tempefamre.of »275“C’ was also used for samples of Venus veih quartz f rem surface exposures.
Fournier (1985) states that chalcedony is stable only at temperatures below 1800 so an,
.arbitrary _temperature of 130°C was assumed for the chalcedony. Homogen.izat.ion' temperatures
of 180°C and 200°C were determined for fluid inclusions from the Uranus Adit and Jf)e l’etty
vein_s, therefore a minimum temperathre of 200°C was assumed for 1the other precious'metal

veins on Motitana Mountain. *
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T
The calculated 5"0 values for the quartz deposmng fluid are hsled m~Tfablc ,ll The -

parent ore flurd for VenUS vein quartz has a range in §'*O values of +2.410 + § 9%« The a

average §''0 value fof the Venus vem parent fluid is +4 3% 1%e,. Quartz from the surface

" trace of the Venus vem has parent fluid values averagmg +4.4%,. The chalcedony samples
ha('e 5“0 values of -18.5 and 20 2%., for the f luld assummg an arbltrar}‘temperature of,

'130°C. If the lower limit of 80°C is used (Fournier, 1985) then the chalcedony fluid value

#

would be -22.2%, to -26.5%.. If the upper limit of +180°C is used, then the chalccdony fluid

values are -14.3%, and -16.0%. Other veiné on Montana Mountain have'a range of 8O fluid -

values of -0.9 t0 +5.3%,.

Any upwarde adjus‘tment of the temperature as a result of a pressure correclion would
be reflected in higher 8'*OValues for the quartz depositing fluid. -
. - -

* D. Discussion S o e

" The location '_ol" the r_neteoric water line and Standard Mcan Qcean Water (SMOW) are
| shown on a-plot of §D vs-a“b (Figure 14). The ;nete'oric 'water“ line on the plot is a function
“of the systematie variation in §'*O and 8D as sho:'vn by most presen"t day meteoric water
.(Cralg, 1961, Taylor 1974). The hlgher the latitude or elevation, the lower are the 6D values

and the §"*O values of the water wrth respect to ocean water. (SMOW) The Yukon is in an
“ideal g?aphlc location for d‘rstmgulshmg_between different types of waters, based on thc

6D and 51;0 composition of the fluid. The §D and §'*O of oresent day, pristine groundwater .’
in the Yukon'should'be.about‘ 115010 -170% for 8D, and between -17.5 t0 -20%, for 870 _
(Taylor, 1979). Dagerl’ai's (T984) measured the 8“0 value of well water from ‘th'e Dezdeash :
map aréanear Beloud Post, Yukon. He showed that the '6"0 value of -21.4%, is consiskent
with the expected‘*&“O value from Taylor (1979) Another sample of meteoric water sampled
near the Yukon-N. W .T. southern border has a 6“0 value of: 23 l"/.,o ( Bowman and Covem
1983). o o :

The meteoric water line is used as a point of reference when interpreting the isotopic

composition of . fossil hydrothermal systems, therefore it is important to determine whtether
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theisotop,ie composition of surface watcrs has stayed constant with time, Although the cxact

Tt

age of the Venus deposit is not known, it is hosted in Late Cretaccous volcanic rocks, and is,

N

therefore Late/(ﬁretaceous or younger in age. Taylor ._(1579_) showed that the metcori_c gfiter

line for North America.has remained essentially unchangcd since early Cretaceous. Dagcnais
(1984) suggested a §"'O value of - 16%., for Creiaceous {o Tertiary rheteonc water in the S
thtehorse Trough. Magarrtz and Taylor (1976) used the 8D values of (hose rocks that have .
exchanged with large amounts of rneteoric water to estimat’e that carly Tertiary meteoric water

in the%kaéway-Carcross. area had a 8§D value of -120%,.
Figure'l4 shows the range of 6'*O fluid values for Vcnus (+2.410 +6.4%). The
results show little variation in 6O between Stage I fluids a‘nd Stage Il fluids, and between.’
"5“0 values for quartz deposmng fluid from different elevations in the mme The lack of -
'A spatial or temporal gradients in the §'*0 values of the q%lrtl depodfting fluid at Venus
" indicates that a homogeneous fluid (wrth respect 1o 1sotop|c composmoﬁ) was resp,ons1blc for
| minera) deposttron . Multlple fluid types have been identifjed, based on 1sotop1c gomposition,
in several hydrothermal vein deposits. Creede, Colorado (Bethke and 'Rve, '1979), Sunnvside '
(Casadevall and Ohmoto, 1977), and Finlandia (Karﬁalli and Ohmoto, 1977) are examples of
'deposrts formed f rom isotopically varxable flurds Mxxmg between hot hydrothermal fluids
wrth ennched “O and dllute relatrvely exchanged meteoric water has been suggested as a
» mechamsm for ore deposmon in the Southern Amethyst vein system, Colorado (Robmson and«,
Norman, 1984) and in tho epithermal gold-silver mine, Japan (Matsuhisa el al.,
.-1985). The fluid inclusion study and t\he eonsistent §1'0 fluid values show that mixing
| between isotopically and chemically distinct fluids did not occur at yeffﬁé although there is a
broad decrease in temperature and loss of CO, with time. |
The 6‘50 fluid values for Venus f all with'i‘n a narrow r’ange" despite a broad
temperature decrease with time and a indicatedﬁ'loss of CO, (see Chapter 5). A decrease-in
temperature is generally reflected by an increase in the 6"0 values for quartz. Higgins and -

Kerrich (1982) suggest that an accompanying 6''Q increase vvith time of the 8O of the fluid

[



in cquilibrfum with quartz would act to oppose the larger quartz-water fractionations
accompanying a temperature decrease, therefore the 6''O quartz value would remain relatively
[y - ' : j. » Ca
' ) . . -

constant,

y ”,, . be - 19%0\ The average 6O fluid v<lue for '
Venus is +4.3%,. The enrichment-in the 6O of the ore fluid is at least 23%,. The originial
5'*0 value of meteoric water generally undergoes a shift inl 110 away from its initial valfle.
This is because rocks comain‘" ébout 50-percent by weight oxygen, and will §xchange oxygen
with the fluid during water-rock interaction. In contrast, rocks contain little hydrogen
. compared to the fluid, ther@ore the fluid will control the D/H ratio of the system. For this
~ reason, 8D values for meteoric-hydrothermal f luids are generally constaht (relative to §'*0
values) and, in places like th¢ Yukon, serve to distinguish between fluids of different origin.
If a'average 8D value close to -160%, for the Vénus S)fstem is assumed (sample 122), ghén the
Venus o;e' fluid can be defined as a dilute, CO, bearing, high 'O meteoric-hy&rothefmal
Cfluid. - | |
Thé size of the O shift depends on the exchangéability of | oxygen in the host rocks,
the terhﬁei’at,u\re of isotopic exchange, the initial isotopic compositi’on of the phases, ahd the
chemistry of the ore;fluid (Sheppard, 1986; Field and>Fifarek, 1985).
. Fluid inclusion analysis shows a depletion of CO with time in the Venus fluid, which
is probably the result of CO, immiscibility at temperatures of 200 to 260°C, in response to
" decreasing temperatures and pressures in the s&stem. Higgins and Kerrich (1982) show that in
the Grey River Tungsten deposit, up to 7%, depietio'n‘ iq the 8*O o‘f .a residual aquéous fluid '
~may occur as a result of effervescence ahd §ubsequent loss of 40 mole percent CO, from the
hydrothermal fluid. Tﬁe deplétion occurs because CO, is preferentially enriched in §'*0
.‘relative to H,0. A loss of CO, would result in a lowering of -the 510 cdniposition of; the

residual CO, depleted fluid. Also, the amount of CO, in the Venus vein system (aver;ge 13

’

S
.7



o F ) . - . ’ ' ‘ N 91

- ‘ . ™/
mole percent) is not as large as the 40 mole percent reported by Higgins and Kerrich (1982),

e
. ek

therefore, the effect of effervescence on the isotopic compgsition of Venus ore fluid is likely
. b l

to be minimal. , n

Corﬁpared to olller' gold vein deposits hosted in ‘young volcahlc rocks, the 6''O values
for the Venus ore fluid are unusual (Field and Fifa arek 1985) ./ The Skukum epithermal gold
vein, located 35 km nortﬁ!’ast of the Venus mine (sec Chapter 2), has Tuid 60 :/alucs of - 14
to ll%o, (Nesbitt et al., 1986). The Dusty Mac eplthermal gold deposll in southcm British
Columibia had a calculated 8'*0 of the {luid of -7 to -9%, based on fluid mcluslon « 4
temperatures of 240°C (Zhang, 1986). The Blackdomec epithermal gold deposit in British
: Columbia has 6O fluid values of 75‘ to -9.0%, (Schroeter, 1987). The three deposils have |
been classif ied as epithermal based on similiar geology and geocllemistry to gencrally accepted \)’ |
Cordilleran epitherrpal models (Panteleyev, 1?86)\. Nesbitt et al. (1986) have shown that v
. Cordilleran epithermal gold-silver veins are d\eposited from shallow circulating, relatively
unexchanged, meteoric water witlf 5}"0 f luid values of -14 to -7%,, and Sl) values of -160%,. | |
Field and Fifarek (1985) summarize §'*O and 8D l;alues for epithermal gold deposits in the
iL‘Jnited States. The lresultg compare favorably with values from Nesbitt et al. (1986) for
Canadian epithermal, gold deposits.

The Vdnus quartz depositing fluid is obviously greatl& enriched in 'O rclative to
Cordilleran epithermal gold-silver deposits. The exact meghanism arld fluid history that would
- generate such a large shift _Can only be dg}ﬂed by a more detailed isotopic study o_f the Venus
vein and surrounding cdurltry rocks; howaever, similiar extreme '*O shifts in~ |
meteoric-hydrothermal fluids have been noted in Canadian mesothermal gpld deposits
(Nesbitt et al., 1986), and in Korean Au-Ag vein deposits (Shetton, 1986). In both modcls,
the mechanism for such an extreme shift has been dscribed to extensi;e water-rock
interaction. In the model described lby Nésbitt et al. (19§6) fbr 'mesothermal gold deposits'in
the Canadian Cordillera, the metéoric fluid evolves by deep circulation near major strike-slip

»

fault zones, where extensive water-rock interaction at high temperatures raise the 'O and CO,
: _ : . A
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content of the fluid. The‘highly ev‘olvcd. low salinity ntctcoric-hydrothermal fluid cools as it
rises through faults relatcd‘ to major strike-slip faults and subseouently deposits mlnerals in
| ﬁstec.p normal or reverse faull zones. The resulting f luid'is highly enriched‘in 1O, but retains
its low 8D value. Nesbitt et al. (1986).list the calculated §'*O values for the parent ore fluid
fot seve'rél lode gold deposits in the Canadian Cordillera, including Coquihalla, Cassiar, and
Cariboo, The 6"0&%5 for the fluids range from +5 to +9°/o¢;; The average §"'O value for
Vcrlus is +4.3%,. slightly lower than tlrat for the deposits listed by Nesbitt ef al. (1986). This
" may be duc to water-rock interactiorr with volcanic host rocks, as opposed to the high 'O
carbonate ‘rocks and serpentinites listed as host rocks f' or Cordilleran mesothermal dci)osits(by
Nesbitt ef al. (1986). Zhang (1986) also found high §'*O, low 8D fluid values for the Oro
Fino and Fairview vein in southern British Columb;a, and concluded that they were .
rucsothcrmal ‘veins of the type described by Nesbitt er al. (1986), based on isotopic signature
and geochemical similiarities. : @ . \

Shelton (1986), studied Au-Ag veins in Korea associated with granites. The grahites
differ in their levels of emplacement. ;Fhe meteoric- hydrothermal fluids responsrble for yein
deposition show an increase in §7O of tl\?f luid, and t?erefore greater water-fock mterecuon.‘
. with increasing depth of: emplacement of the associated granitic pluton. The vein fluid
associated with the deeper pluton would be aff ected b/yl greater depths (higher wate‘r rock
mtcractlon) higher temperatures and would show’a hlgher 82O shift than the fluids
associated with the shallower pluton.

The 60O values for the two chalcedony samples are especially interesting. One sample
| of chalcedony was found as float on the surface trace of the Venus vein and one sample was
taken from a chalcedony vein located at a higher elevation than the Venus yein. The
calculated §'*O Tluid values for the chalcedony plot on the met;oric water line (Figure 16).
The chalcedony is theréfore interpreted to have been precio'itated from pristine, unexchanged
rtéar surf ace meteoric water. The Venus vein and the chalcedony samples have drastrcally
different §'*O values (a drfference in the §'*0 of the f lurd of about 25%0) whrch indicates | -

o]

- they belong to separate l;@mermal systems ' B _ —

.o : _ L . -

.



Regional Considgrz;tions pE . oo

'A regional survey of whole rock isotope compositions is beyond the scope of this
study; however, limited analyses from Zhang's prclimiqary investigation of the Venus mine
host rocks are listed in Table 8. ' |

Thé altered volcani&oﬂ-rocks have §'*Q values ranging from +1.6t0 +10.5%,. The
lower values are depleted in 'O relative o the average whole rock §'*O value lor andesite,
which is +6.5%, (Taylor, 1974). Sampie 60 (8'*0O= +3.2%.) is from a clay alteration zone on
the 2850 ft. level of the mine, Sampie 432 from the 2700 ft. level of the mine has a §'*'O
value of +1.6%;. The quartz depositing fluid at Venus was highly cnfichcd in '*0, and could |
not have been responsible for the '*O deplation in wallrock samples 60 and 432. The presence ‘
of a separate hydrothermal system has been indicated by 1o.w' 80 values for chalcedony

found in the volcanic complex. Heated groundwater from such a system may have interacted

with uppef level Venus wallrock, especially in the clay alteration zones. e

Summary

| A limit'ed number of isotopic analyses has proved to be surprisingly useful in def ining"
constraints on thE. nature of the fluid responsible for mineral deposition.
1. ~ Lack of.spatial or temporal variations in ihe 810 value of the Venus fluid suggests one

quartz depositing fluid of constant isotopic composition was responsible for mineral

deposition.

2. Chalcedony previously believed to be part of the Venus vein system has a §''O signature

25%, lower than Venus, and is therefore deduced to be a separate event,
3. The calculated 6'*O values for the Venus ore fluid are' surprisingly enriched in §'*O
despite retaining a low 8D value of -160%,. This suggests the ore fluid was a dilute CO,
_ . ‘ > 3

bearing, "*Menriched meteoric-hydrothermal fluid.



VIL DISCUSSION AND MODEL

A. Summary ‘

Thc Venus Au-Ag-Pb-Zn }cm_xb a snmplc fissure filling hosted by Late Cretaceous,
mLcrmcdxalc volcanic rocks. Vein dcvelopmem can be dlvndcd into two stagcs (Figure 15). The
lmmal hydrothcrmal ore fluid (Stage 1) 1s charactenzed by low sahmucs, high CO, conte t.s
and homog_cnizalion tcmpcraturc; averaging 290°C. Quartz, arsenopyrite and pyrite were
deposited during this stégc. Stage Tl fluid is charac-terizcd by slightly higher salinities,
modcrate CO, contents and homogenization temperatures averaging 260°C. Quartz, sphalerite,
galena'and gold were deposited from 'the Stage II fluid .: Gold precipitation was restricted to
wider parts of the vein where Stage I1 fluid was in direct conféct with earlier deposited
arsenopyrite and pyrite. Stable isotope analysis of ‘vein quartz indicates the minérai‘izingﬂuid
was of rhctcoric-'hydrothermal origin, and was highly enriched in **O. :

B, Environment i'.of Ore Deposition ” -

The exact depth of formation of the Venus vein is not known, but Roots (1982) _
concluded that }&xe Venus vein was proserved from erosion by subsidence of the Montana
Mountain comnlex and that the part of the vein exposed today must have been emplaced at
depths lower than the present day erosion level. He suggests that a large amount of erosion -
has taken piace (greater than 1000 m). The age of the vein is not known, but would be useful

’

in estimating the amount of erosion.

-

Textures exhibited by the Venus vein lack the delicate crusnform bandmg chalcedonic
quam .and banded botrymda_l:;uartz typlcal of epxthermal environments (Bodnar et al
1985). The massive, crudely banded nature of the vein resembles textures described by
Lindgren (1933) for mesothermal type gold deposits. Bodnaf et al. (1985) described
' microscopic textures found in deeper, hotter hydrotherma} envirohmegts which resemble

features seen in the Venus vein. These include the presence-of numerous, wispy, shear zones

outlined by secondary, small fluid inclusions and the absence of growth zones in quartz.

‘e
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Flurd inclusions in Venus vein quartz commonly contain CO, and three vrsrble phases .

(Typc 2a mclustons} al room’igrperature. Visible CO, is not f ound in fluid mclusrons

trappcd under low temperature and- press?rre condrtrons (Bodnar et al '1985). Pressure

’ estrmates for the Vehus system mdrcate the deposrt formed at depths of ‘at least 3 km. T‘he

SC. Controls on Ore Shoot Formation

"Loca_tion of Ore Shoots

‘pressurcs and depths mdtcated by the fluid mclusrbn study are mconsrstent with an -« - o

: eprthermal shallow - seated model (Bodnar et al 1985) A deeper model correlates wrth

rntcrprctatron of the 6'*O values for the Venus ore fluid. A deep, hot ‘environment would be

conducive 1o extensive water-rock‘exchange and subsequent e enrrchment of the ore f luid.

-y

L.

o

Although there is no reliable method of visually dlstmgurshmg ore shoots wrthm the

» ,:" “" A

“vein strucjure from low grade parts qj the vein, two gencral observatrons on gre. shoot “

¢haracter Were noted-durmg f reldwork. One was that ore shoots tend to occur in wrder parts

’ of the vein, relatrve to the average vein width for that partrcular elevatron The second

observauon was that ore shoots generally consist of quartz arsenopynte pyrrte sphalerrte

and galena Thrs is in contrast to the more common Venus vein filling ?{ quartz, arsenopynt_e

' and pyrite.

-

The location of ore shoots along the vein structure is dependent on avail‘ability of

open space for passage of Stage I fluid. The walls of the Venus' vein, hke most other verns

-f ormed at depth are not s‘mooth but have an undulatory nature. Stage 1

¢

"'cou_l'd generate an_ increase in the _width of the vein. The type;of opening could be a function

quartz arsenopyrrte pyrrte deposition would seal narrower parts of the vein., Shckensrdes and

r.L\

clay gouge indicate that movement along the vein has taken place The trmmg and amount of

movement alonﬁ‘k}he veu&rs uncertam If fault movement occurred durmg deposmon of Stage

land Stage 1l minerals, narrow parts of the veih prevrously filled by qetartz arsenopyrrte and -

pyrrte would be reopened. Varratron 1_n strlke,.and dip of the curved fault surfaces of the vein

»

Y
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of the type of fault movement; for 'instance open space \yéuld develop in'the steeply dipping
parts of a normal fauit, and in the shallow drppmg par, /té of a reverse fault. Structural )

controls on ore shoot f ormation and the effect of f aﬁflt niovement. are discussed in detail by
’Newhouse (1942). Mine geologlsts at Venus (Carl'{le pers. comm., 1984) have noted this typc
of situation on the 2850 ft. level of the mine. On this level, ore shoots were { ouhd in thc ,
shallower drpprrlg parts of the vein. Statrstrﬁl analysrs of the rclatxonshtp bctwecn gold

. grades, strike, drp, and vem wrdth should better define the rclauonshlp between ore shoots

/

and vein structure If fault movement was not-a { actor in gencratmg open space, then ore

shoots sxmply developed in wider parts of the vern that had not completely mf illed after

e .
/

deposition of Stage I mineral phé‘ses.

- Gold Precrpltatron
Assay data shori/s that gold dlstrrbutron in ore shoots is not consistent. Although the
- structure in a g1ven /&)rtton of the vein may be f avorable for ore shoot locauon the actual
precipitation of ;bld is dependent on two processes - . e .
1. Prior dep/ds/ltron of arsenopyrite and pyme |
2.1 / rltratr/on or replacement of arsenopyrrte and pyrlte by Stage 11 sphalcntc and galena
- A//en though -gold and galena are paragenetrcally related in Stage I, massnve
quartz sphalente galena parts. of the vein are depleted in gold relatrve to
quartz arsenopynte pyrite parts of. the vein that have been inf 1ltrated by Stage nf lunds Thrs
rday be'a function of hoyv gold 1s transported and the physrcal chemxcal condmons associated
wrth gold’ precipitation. The transport and deposrtxon of gold in hydrothermal systems was
summarrzed by Seward (1984) Gold precipitation can be triggered by changes in lund
temperature pressure oxrdatron potential, pH-and flurd composition. The f lurd composmon
.temperature and pressure in the Venus hydrothermal ore fluid have been determined by fluid
‘ inclusion stugies, and the relattonshrp of gold to other mineral phases has been determmed
from petrographic studies. The f ollowmg observatlons may help define the method of « & .

ra
: transport of gold in the system: ’
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Salinitykay have increased (up to 7.5 weight percent l\*laCl equivalent) in Stage II fluids

relative to Stage I fluids.

\ ,

The hydrothermal fluid contains a:s'ignif icant amount of base metals.

-

Gold brecipitatlon occurred later than or contemporaneously with late stage base metals.
Precipitation of sphalerite, galena and gold are linked to a coolinghydrothermal ore fluid

that may have effervesced, although the exact timing of the effervescence in'relation to -

gold p’recipitation is not known. o

Sl\age 1 mmeral deposition at Vemts involved precrpttatron of arsenopyrite and pyrite,’

whrch removed a large amount of aqueous sulphrde from the fluid. Flurd mclusron analysrs of

4
Stage Il 1nclusxons at Venus has shown evidence of H,O- CO, 1mmrscrbrlrty, at least in some

A}

decreases the avarlabrhty of reduced sulphur in the system. As a result of the decrease in

' actrvrty Tol” aqueous sulplnde in the flur:;l; due to loss of H,S an;l precrprtatlon o? sulphrdes

Au(HS), complexes are destroyed and gold precipitates. Reed and Spycher (1985) discuss the

above’ model in relatron to eprtherlnal deposits, and state .that an aqueous sulphide deficiency

is more hkely to prevarl in a base metal rich fluid.

»‘l‘h.e above model explams the late stage assocratron of gold with base metal sulp.hrdes

am——
»

seen in many lode gold.‘ osits (Schwartz, 1944). The possible role of As complexes in the

Venus system is not known.

Kay and Strong (1984) suggest that in the Moretons Harbor arsenopyrite-gold vein

system, gbld is transported-as a chloride complex and precipitates as a result of decreasing

- temperature and instability of gold-chloride complexes as,a result of effervescence. A. similiar

mechanism 1s proposed for the Lass Ag-Pb-Zn vein system-in B.C. (Godwrn et al., 1986)

The gold in both of these systems is assumed to have been deposited early, based on element

,zonatron studies. Venus shows a similiar zonation, wrth a strong Au As correlatron and a

: weak Au Pb correlation, yet a detatled petrographrc study showed that the gold is among the

)

last minerals to be deposrted instead of the first.

Cdd
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Site controls on Gold Precipitation
\ Altﬁough gold precipitates from Stage I1 fluid, it does not 'p'r'ecip-itate in massive
%sphalerite- galena parts of the ~vein, or in barren quartz parts'of the vein. There must bt a
mechar‘rism“oberating by whichegold is pref erentially précipitated frem Stage If fluid when the
fluid is in contact with arsenopyrite and pyrite. Colvine et al. (1984) noted that in 'Arcbean
gold deposits, thebreakdown of :Au(HS); comﬁlexes due to changes.vin' the physical-chemical
nature of: the ore fluid dxd not account for the common spaual association of gold with earlier
deposned sulphrdes They suggest that electrochemrcal mteractlon between chzfrged pyrite gram
surfaces and the haydrothermal ore flyid induces gold to pref erentially precipitate in sulphide
fractures and on p_yrite grain srirfaces. Electroerremical interaction betweerr_ sulphides and ore
}ﬂuid has been' studied experimental‘ly by Jean and Banerof t (1985)' Sakharov and‘Lobacheva
(1978) and Mironov et al. (1981) Pyrrte acts as a| 'semr conductor with variable conductrve b
propertres (Smith, 1942) and is favored as a deposmonal site compared to other. sulphrdes
Arsenopyrrte is also a favorable host for infiltration of Stage II fluid because of its bnttleness
and susceptibility to microfracturing. It is possible that in the Venus vein system, prior”
deposrtron of arsenopyrrte and pyrite set up a mrcrogalvamc system 4

Hemrlch and Eadmgton (1986) drscuss the behavior of As complexes in hydrothermal
solutlens at hrgh temperature and pressure They suggest that in arsenopyrite- pyrite-quartz
deposr_ts-where the gold is associated with later base metal sulphides, minor dissolution of

arsenopyrite could act as an oxidation -reduction traf) for later gold precipitation, a process

which could have occurred at Venus.

" D. Model for Ore Deposmon

The avarlable data on the Venus vein deposrt are compauble with a model mvc}\'mg

two stages of ore paragenesrs according to the followmg sequence of events

L. Late Cretaceous, calc-alkalme magmas intrude Mesozorc rocks of the Whrtehorse Trough
and Paleozoic Atlm Terrane metabasalts Extrusrons of the calc-alkaline magma build a |

volcano that reaches a height of over 1 km before partial collapse opens subsidence faults o

-
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in the volcanic com})lex (Roots, 1982). The tnagma—becomes more granitic andrintrndes
the pre-existing volcanic pile at .63.4 Ma (Morrison et al., l97§)-. Arching of the v:oleanicl i

‘pile opens fissures in the complex into which felsic dykes intrude. ‘

‘Hot hydrothermal f luids move through fault fissures in.the x((?lcanic cornplex. The fluid

has an average §'*O value of +4.3%, an’d a 6D value of -159%5, which indicates it is of

meteoric h_ydr.othermalA origin. Tne enrichment of' 8"0 in thessystem is proba ya -

f nnction of extensive water-rock interaction at high temperatures and ‘pressur%. Pressure’
estimates f rom _fluid inclusion analysis indicate a depth of formation of 3 km assuming

_ ~ll[hOSlallC ?ressures and 10-km assummg hydrostatic pressures. The initial Stage 1 flu1d is
.,LhaIaC!CIIZttj by homogemzatlon temperatures averaging 290°C, low salinities"(3 to 4
wcxght percent NaCl equnvalqnt) and an average CO, content of 17 mole percent.
Quarti‘ arsenopyrlte and pynte prec1p1tate during Stage I (Figure 16) The andesmc to
felsic wa]lrocks alter to a quartz- senc;te pynte -carbonate assemblage
Syndepositional movement _along the vein in response to structural adJustfnent'sﬂoccurs
'during vein deve]opment. A layer ‘of fault gouge forms between the vein and the wallrock.
The hydrotnermal ore fluid cools with time. Stage I lnid is characteriaed by lower
hornoge_nization _temperatutes (averaging 260‘C),'and less CO, (average 10 mole percent)
relative to Stage I. Salinity estimates (uncorrected for CO,) calc_ulated- from TtnIce in

-»'-resional liquid -vapor inclusions vindicate the Stage II f lnid has higher salinities (up to 7.5
weight percent NaCl eqt‘n'v.alent) relative _to Stage 1. Prior deposition of ‘arseno,pyrite and
pyrite has temoved aqueous sulphide from the system. Base rnetals carried by chloride
complexes break down in response 0 decreasing temperature and sporadic phase
sepata_tion. Precipita\ion of oase metals is restr'icted to vthoie parts of the vein' wide

__ c.nlouvgh.v to_allow passage of Stage II f luid‘.v Phase separation a : Gl subsequent loss of H.,S
into the vapor phase reduces the availabiTity of aquebus suiphide. Continued precipitation
of As‘pfhalerite and galena in available ,open space also reduces availability” of aqueous

sulphide.. The mineralizing fluid is now sulphide deficient and Au(HS), complexes begin

to break down.
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5. Gold precipltatio‘n with late stage galena or tetrahedrite is‘enhanced when the sulphide
def icient fluid is'in comact with earlier deposited arsenopyrite and-pyrite. Arsenopyrite is ©
‘a favorable host for infiltration of Stage 11 fluid due to its abundance and brittleness.
Micr?)galvanic systems set up by the.electrechemical interaction of sulphide grain surfaces—
with the ore fluid; and oxidavtion-reduction reactions near arsenopyrite grain surfaces, c
may holp induce gold precipitation. Gol_d enrichment occurs v}here there has been |
extensive interaction between Stage | and Stage | phases ‘Separate arsenoyrite- pyrite and
sphalcritc galena parts of the vein will not be as enriched in gold compared to parts of
the vein Jii}hat contain all f our sulphide ph‘ases.

6. During or af Le'r'gold precipitation, clay alteration zones develop 'and late stage carbonate
veinlets inf 1ltrate into’ the wallrock. The vein is preserved from erosion by down droppmg
of the volcamc host block Supergene weathering oxidizes upper vein workings Low 5”0

values of chalcedony veins in the volcanic complex indicate the presence of a separatei low

"0 fluid.

E.. ‘Regional Considerations

The Veous vein exhibits a well defined paragenetic sequence of arsenopyrite, followed
by pyrite, sphalerite, galena and gold. The Uranns vein and _South Aurora veins, also hosted
in the Montana Mountain volcanic complex, con‘tain arsenopyrite.and pyrite. Silver rich veins
such as the Ruby Silver and Joe Pett) are generally situated at higher elevations Fluid
inclusion and stable isotope analyses in this study indicate that all the vems sampled in the
Montana Mountain area were deposned f Tom'a single “O enriched ore flind The varymg
mineralogy and Au:Ag ratios of precious metal veins on Montana Mountain may reflect-a |
change from deep seated, high temperature, arsenopynte pyrite quartz veins to a cooler base
metal I‘lCh zone (Stage I and Stage II at Venus) and fmally to Silver rich veins.

Ve

Documemauon of the late stage association of gold and galena is not new. Recent ,’
\ ,

-

studies on Archean gold deposits describe the affinity of gold for earher deposlted sdlphldes——/

—"(Colvine, et al., 1984). The sa}me galena-gold association was noted by Schwartz (1944) b

q

/
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was previously unrecognized at Venus. The galena-gold relationship at Venus is masked by the
" action of pre-existing arsenopyrite and pyrite acting as site controls for later gold-galcna
_i)recipitation Ga{sparrini (1983) notes that there is a tendency to among gcologisls 10 assume

that gold.is genetically assocxated with arsenopyme in solid soluuon when dealing with

o

{
- quartz-arsenopyrite- pyme veins, This is true in some gold dcposns but recognition of a latc

galena-gold association is particularly importam when planning extraclipp processes for the

ore, because ores containing galena with refractory arsenopyrite and pyrite arc&cépccially

difficult to work with (Gaspatrini, 1983).

In a review of 115 deposits containing native gold, Schwartz (1944) found that goid
most frequently occurs w:th pyrite, arsenopyrite and galena. He suggests that, in many

deposxts galena is not abundant but forms at about the same t%mc as gold and may bec a good
vy
indicator mineral. The association between gold and base metal sulphides apipcars to bc
o

'ublqnous in Cordilleran mesothermal gold #eposits (Nesbitt ef aI 1986) Examples of such
} occur at the Cassiar, Canboo, and Bralorne-Pioneer Mine, where gold and lalc base mclals fill

fractures in earlier depbsited sulphides (Nesbitt pers. qum., 1986).

»

There are numerous quart_z-arsenopyrite-pyrite-bas‘e metal sulphide veins in

@

southwestern Yukon and northwestern British Columbia {Schroeter, 1986). Gold enrichment
3 .

is predicted in these veins where later base metal sulphides crosscut or infiltrate earlier’

deposited arsenopyrite and pyrite.
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