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f_f‘# Two kinds cf gbld m1neral1zat1on, epithermal and
. meaothermal occur 1n the Okanagan Vailey, sbuthern“3r1t1sh

'i&;Coaumbla. Flu»d inclu51on and stable 1sotope studies, indicate

m‘ w,m;wzat1on events At Dusty Mac, the ep1thermal fluid

-h;.had a tengkrature of abop¥ 240°C .alow sal1n1ty of about 0.5

b4

Sf mxl The;ﬂ&neralzzat1on process probably occurred at a depth.

‘fu of more ‘than 380 meters., At Oro Fino and Fairview, the
ﬂmésotherma&‘!&u1ds had a h1gh C02 content, temperatures of .

‘ﬁﬁx'h280°-330‘c sal1n1t1es of 4-6 wt% NaCl equxvalent and ‘

“ “ 6180(SMOW) of %4-+6 per mil, The mlnerallzatlon occurred at a

e
N B -‘

~ depth of 3- 4nkm. The data 1nd1cate that flu1ds 1nvolved in

&Ry

,both m1neralzzatlon processes=or1g1nated from meteor1c water,
wlth the shallow c1rcu1ation respons1ble ;or the ep1therma1
S deposzt(vus 'y Macf ang deep c1rcu1at10n for the mesothermal

-~

ones(Qro Fino and Faarv;ew)
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:"f\xhat two d1st1nct1ve hydrothermal £lu1ds were respon51b1e for”

fﬁwt% HaCl equxvalent and a 1sw value for 6180(SMOW)= —7-—9 per .
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Okennqan velley of southern seqj;wae [ Iigni;\}amt gra
producing area- 1n early 1900';, Since the end of last

. century, there have been intermitteni proepecting and mininq;

activities in this area. The three mein gold ptoducing camps
are Fajrview, Oro Fino and Duaty Mac(Figg ). The anrview A
Acemp is located ebout .6 km northwest of the villaqo ot
01iver. It incluee three mine!z Fairview, étemwinder and;
Morning Star. All three deposits are Qquartz-vein typo gold
depos;tst Tht? were mined at the begifning of the

' century(1900 s) for several years and reopened in the 1930's

for a few xears. The. total pro uctxon(Hedley and wm:son,’~

1945). was 150,000 tonnes of ore, th 17,000 oz of gold and

166 000 oz of sirver..The mines we abahdoned in 1930's. The
Oro Fxno camp is located about -10 km northwest of Fa1rv1ew
and consists ot two quart; vein g¢ld depos1ts 'Oro Fino and
Twin Lake(Hedley and_Watson, 1945 . Recorded production was
24,000 tonnes of ore; with 9,000 z_9 ‘Pold and a little of
silver, Dusty Mac is located 2 km east of the village of"
Okanagan Falls. It was discovered in late 1960's(Church,
 ,1969 1970) and mined durxng 1975 and 1976. The total
product1on vere 93 000 tonnes of ore, with 19 000 oz of- gold
340,000-oz of stlve: and a little copper and lead(Minister of
Mines and Pet; Res., B.C., 1975, 1976). The'mine was closed
in 1977 and it has been re—examined recently by'ES§O(WpifE>'
1985). L i |
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l geolog (Ca1rnes

' | .

There is little prevxous work on the reg1onal
1940 “Bostock, 1941; thtle, 1961' Church

g/;) and ore dep051t geology(Cockf1eld 1939 ‘Hedley arleR

Watson, 1945) in this area.‘Church(1970 1973) proposed a

v

model qgvfllllng of dllatlons with quartz and Au-Ag

mlnerallzatlon in shear zone for Dustyjﬁac; K
Tempelman-Kluit(1984) proposed a meteoric‘water ‘model for /
gold velns in the Okanagan Valley He suggested that meteorAc
water flowed through the fault system and leached the metéls

from the country rocks. When the m1nerallzed flu1d
- J El !
b01ling

) dlsgharged, the prec1ous metals deposlted above the i
zone. i » T "/("
X /// o
S Ao

.
-~

N, . l’»jf
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2. PURPOSE OF THIS sTuDy
. There appears to be. two dlfferent styles of prec1ous
metal m1neral1zat10n 1n the Okaﬁ%gan Valley- ‘mineralized
. _quartz Ye1ns 1n metamorph1c rocks and 51l1c1f‘catlon zones in
‘.the volcanlc or volcan1clast1c rocks.‘Both of these styles
.ape. bel1eved to have formed by’ deposgtlon jrom hydrothermal
fflu1ds(Tempelman Klu1t 1984; Nesbitt et’al,, in press) but

the characterlstlcs and origins of these fIU1ds are still

uncertain and(the chemlcaT'and phys1ca1 “ond1t1ons of ore
dep051tzow remaan ‘to. -be StUdled Ne | 41,
have—destrfbed two d1st1nct1ve style ‘
mesothermal and eplthermal : 1n Canad"an"Cordﬂlera. The two
kinds of gold}mlnerelizatlon 1n the Okanagan Valley prpvlde a-

good compagison of these tw0‘types of mlnerallzatlon, and may

y1eld 1nterest1ng results on the: or1glns of the styles of
m1nerallzat1on. In add1t1on tbe stdﬂy of the differing
geolog1cal and phy51co chemical conditions of goliyd p051t10n
may be a useful tool foY exploratloh for gold in this area.-
S;nce the m1nes have been abandonded for.many years, it
isvdifficult to perform systemétlcal sahpling for |
m1neraloglcal and petrolog1cal studles, espec1ally for the |

m1neable part. of the dep051ts. Fortunately, in. Fa1rv1ey mine,

a 500 meter ad1t is still accessible for collectlng samples,

‘although moreathan‘sotyeErs have passed.

In order to solve the problemS‘of physical and chemical

4 »

condltlons and origins of the ore-forming hydrothermal

‘ flu1ds, thls study compares dlfferent gold depos1ts, through

v



the studies of stable 1sotopes and fluxd 1nclus1ons, as well®
as the studles of mineralogy and petrology, to obtaln B
‘xniommatlon an the characterlstlcs of the ore- form1ng flUIdS
and the env1ronments of .‘the ore dep051t10n.

In th1s study, stable isotopic analxses, 72. oxygen and 4
carbon, héve been made. About 50 £1u1d 1nc1us1on plates' were
examified and more than 750 fluid inclusion heat1ng and /'
freezxng measurements have been performed. Approxlmately 100

thln sectlons and po}gshed sections have been examined.

B2y



‘ Valley, located near the boundary between the

' Eocene age(45-53,Ma)(Mathews, 1964; Church, 1973). A. general

3. GENERAL GEOLOGY

: ‘ o [ . S DR A
TectonicalJy, “he Canadian Cordilkera is divid d lnto

five geolog1cal and phy51ograph1c prov1nces(Monger et al., .
1979, 1982) Rocky Mountaln Belt, Omineca Crystall1ne Belt, '

Intermontane Belt, Coast Plutonxc Complex and Insular Belt.

These belts are be11eved to have been produced/‘y the
_ accret1on of allochthonous terranes to western North Amerlca

craton at dlfferent perlods(Monger et al., 1979 1982- | 4

GabrrelSe et al., 1982- Prlce et al., 1985) ., The Okanagan

Ju

1neca

Crystalllne Belt and Intermontane Belt, follow ,ﬂn Bocene,
gently we;ﬁ dlpping fault: zone, whlch bound%\the west 51de of

3 G
a 170 km wlde complex(Tempelman-Klu1t,‘1984) and™ extends for.

‘at least 100 km(F1g 2). The oldest rocks in thzs area are

\ .
~.

.

'~ gneisses, p0551bly of. Precambraxn age. The Pale0201c and , ™

Mesozoic succe551ons are also metamorphosed to various

degrees. The two major plutons, Okanagan and Valhalla

Complexes, 1ntruded the gnelsses of Shuswap metamorphlc

— . N

coﬁplext~9kanagan bathplltnﬁ1s be11eveduto be

Jurassic(150-180 Ma) in age(Peto, 1973; Medford 1975; Peto

.et al.,‘1976) Valhalla bathol1th is younger than the

Okanagan bathol1th L1ttle(1961) considered Valhalla |

batholith to .be Cretaceous in age, but no exact age- dat1ng is

ot

avallable. Tertiary volcanlc and sedlmentary rocks dip at
N 2 I

comparatxvely low angle's and ma1nly occur in basin- shaped

strhctutes. K=Ar age dat1ng of volcanlc rocks yields an

.....

- e o
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model for the evolutxon of thé Okanagan area hfs bqen'
develoged ' by Okulxtch et al. (1983): theabasemeﬁt was formed

atr about 1 600 Ma during . r1£t1ng and recelved seﬁlments up to
o { ‘

late Paleozoxc, deformat1on,‘m1nor plutonlsm,and low grade

!

metamorph1sm occufred durlng Tr1ass1c~'1n the Jura551c, as

——

3

the terranes coll1éed with North Amér1ca, extenszve plutonlsm e

. and metamorphlsm permeated the reglon' and, dur1ng the

|IK.<

Tert1ary, extenSmnal tectonlsm and volcanlc extrusmn

. dominated. N E ii, - -

3,
1
L}

iy
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‘f't‘1vFa1rvxew Camp
a The rocks 1n the v1c1n1ty of the ore deposita qre'of
_tthree qroups(F1gH 3). The oldest group is a series of qUartz,
:chlor1te, m1cacéous or graph1t1c qguartz schists of
Carbon1ﬁerous age(Ca1rnes, 1940) The schists have a .
'pronounced schlst051ty strlkxng northwesterly(Nw320°-350 )
'and dipping at varzous angles(20°-40° ) to the northeast. The
rocks 1mmed1ately adjacent to. the orebodles are m1caceous
quartz SChlStS or graph;tac micaceous quartz SChlStS, which
contain high percentage(more than 60 vol%) of quartz. The =~
second,_ rock unrt referred to as the Fa1rv1ew granod1or1te,
occurs southwest of the m1nera11zed zone. The rock is coarse.
grained, w1th a fol1ated or gnelssxc structure. The unzt is

1
X

composed of quartz, ande51ne, hornblende, m1cas, and m1nor

ep1dote and chlorlte. It obv1ously underwent regxonal
¢ 1
metamorph1sm - the mlcas, epidote aﬁd chlorlte are

. ‘distributed aiong the follatlons' The rock should ‘be

' ‘c1a551f1ed as gnelss1c quartz dlor1te or. gne1551c

;rfgranod1or1te. The thlrd group, the Ol1ver gran1te, cons1sts
- of'lrght prnk to grey;‘coarse gralned rocks and occurs on the

northeast side of the ore zone. It contains abundant quartz,
o

potass;um feldspar and a llttle b1ot1te and muscovite. -The
. ‘j 3

fact that the Fa1rv1ew granod1or1te possesses a follated

texture and ‘the 011ver granlte exhibits a gran1t1c fabrlc

.,‘wlndlcates that the former one 1s older than the last
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in’ late Jurassic,

\hxte et al (1968)

“in this area
l"\ N

g}%edford; 1975)

Numerous quartz veins,'genefally strikin;‘northwestefly
with varying w1dths and lengths, occur 1n a northweSt
‘trenélng ;rteguLar belt about 3-4 km long and 0.5~ 5 km :
»wi@e(Fig. 3). Three old gold producing mines, Morning Star,
Stenwinder and Fairview, :olioy onetoremore quartz Veins;
Figure 3 shows relative positions betwe:n theh, The Fairview
property is situatéd‘on élfairly eteep slope and is some
1,000 meters west of 'and about 200 heters higher than the
Stemwinder, and aboft Z,DOO meterstnorthweSt of and 240
meters above the Morning Star."Two thick quartz veins' ,. known
as west and east ve1n, outcrop on the Mornxng Star property
Both veins are parallel to the sch1st351ty. The west vein is
Aexposed for about 60 meters along the str1ke and has a- D
maxlmum width of about 9 meters The maln work1ngs were on
‘thls vein. The ma1n vein of the Fa1rv1ew conforms to the
schistosity and varies cons1derab1y in. w1dth from less than 1
meter-to as much as 6 7 meters. The other two velns, ‘known as"
north and south vein, were reported(Cogkfleld, 1939) to have

an attitude approximately parallel to the main vein and have

" a greatest width of 1.5 meters. Cockfield(1939) also reported



that three veins of Stemwinder were probobly«the éont{nuation
. uw\;u ' ‘ ) \
of thoses of Fairview. e ) SN

4.2 Oro rino Camp | o : tf v N <

“ |

. The country rock is a-’ easterly trend;ng belt of
greenstone and highly metamophosed diorite QHepdley.et al.,
1945). Based on the observation of this study,’the rocks in

'

. the vicinity of the ores are amphibolite, gneiss and/or

'Wgne1ss1c rocks. They are class1£1ed as Tr1asszc

- :UnltS(BOStOCk 1941; L1tt1e, 1961)/,These rocks are 1ntruded .
by dykes of granite and are in fault contact with the
Tertzary volcanics. Several quartz vezns, discontinuous along
str1ke and with varyxng dip angles, sfrike northward or
northeastward.and have varaed widths from 0.5 to 2 meters.
Oro Fino and Twin Lake mines follow one or“more spch veins,
eJudglng from the ve1n exposed near the entrance; of the adits
:and'shafts, the large ;elns, usually with the w1dth more than
"1 meter, heve better economic values. An~in£eresting fact is |
that/both mines ere situated ‘at almost the same elevation,.':”
'wiFh‘a'horizontal'seﬁhratioﬁ“of about- 1,000 meters. Two small
nameless mines, situated at about 300-400 metérs in elevation
?}belowethe Oro Fino and Twin Lake, also follow such quartz

veins,

'f"lf
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" 4.3 Dusty Mac Mine ‘
Dusty Mac is located at the margin of the Tertiary White

 Lake Basin(rig. 2) The ed?ly Tertiary Vélcanic rocks, which
host the deposit,~are c,mposed of - five formations. From the .
oldest to the. youngest, they .are Springbrook, Marron, Marama,
Vthte Lake and Skaha Pormations(Church 1973). The host rock .
of the ore 1s the. thte Lake Formation as describee‘by T
Church(1?69~ 1970 1973), and is coﬁbosed mainly of
feidsﬁar(plagioclase An40 60) porphy#y lava, endesxtio
Oolcanoclastics, lahars and shale thh thin seams of coal 'in
the vxcxnxty of the ore. ‘The older rooks to the immediate

west belong to the Marama formatzon ‘comprising ma1n1y

rhyodacxte lava. To the east, the White Lake Formation -~/ =

contacts aga1nst the old Precambra1n Shuswap gne1ss. The
rocks are on the east 11mb of a §outheasterly trendxng .
synclxne. The beds have variable dips ranging about 30°'to'”'
50‘ northeast. The rocks are cut by a reverse fault’ system. »

which trends generally southeasterly, with 1nterwoven

‘easterly and southerlg, and . d1ps northeasterly thh an- angle P

of about 40° -50°. The m1neralxzatton appears to be largely -

.controlled by ‘the fault system. Quartz velns, sx;1c1f1cat10n7
'\<zones and gossans are present 1n or ad]aoent to the ma1n T |

Wfaults(Church 1973) ',"“' ':'fi;“',ov“ ‘?

- -~ -



6.§:H£norllization
. The 014 mmuuzauon in the Okanagan Valley is
L:cloldly rulatea to ‘the &uurtz veino or oilicitication us
;dozcribed above.lnlmited work an Feirviev ceup has shown }hat

i_three txpes ot. quartz velnp occur: a) thick quartz velna,with ’

. one to several meters th k- b) quartz veins whth xnteqbedded

vgrephitic bands; and, c) ir
vexne(rﬁg 4) are relatively pure quartz veins and are the
main ore—bearing veins, a' observed at the Fazrview.depqsxt.
They usually- have a“ ness larger than 1 meter, and as'w
much as 67 meters, with the attitude 9aralleling the '

’ regxonal sch1stosity The - quartz is massxve, white oramxlky
colour, and has 2 stéong greasy 1usté¥ Sulphides are
irregularly dxstrxbuted in the quartz vexns as dzsseminated*’v
mznerals, small lumps or small veins, ‘The sxze of type B-
‘quartz veins. varxes. The larger ones may be several meters
th1ck and smaller ones may be D.] meter th1ck The characterﬂ

of this type of the vein is 1nterbedded white qUartz and

| black graph1t1c bands(Fzg. 5). Generally, the quartz bands'

gular smull quaftz veinoilmype A:

-

4

‘are much thicke than the graph1t1c bands, The quartz of th1s“”

'type lcoks br1ttle. lee type A ve1ns, the att1tude of type B
ve1ns follows the sch1st051ty Pyr1te 1s somet1mes weLl
_developed along the graphxtzc bands, but . other sulph1des are

rare. Houever, one sample from Morn1ng Star of thxs -type

'conta1ns a l1ttle gold(clectrum?) follow1ng a small fracture.»

e Type C Ve1ns are pure quartz veins w1th white or glassy

quertzJASome emell druses occur in this type. The thickness .

S

' N e L
A :

S . : fe’
. v
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Fig. 4 Type A quartz vein. The vexn is composed
of white quart

z. Its attityde paralléls to the AN
schxstosg;y. o ,

» Fxg._s Type B quartz vein, The graphxtxc bands

‘are interbedded with-thick quértz bands. The vexn
Iollows the schistosity.

-

18
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of the velns is severalwcentlmeters to tens of centlmeters.
These ve1ns, unllke other two types of VEIHS, cut through the
‘schusts at-high angles(Flgt 6) . & e |

The mlneralogy of the orebod1es‘1n Fairview Camp 1s
:qulte 51mple. Pyrite is the%nost abundant sulphlde and 12
'aceompanled by small amounts of galena, ‘sphalerite and
,chalcopyrlte, together Wlth trace;'of bornlte, tetrahedrlte
prrrhot1te, argentlte and boulapgerlte; There was no report
of free gold but a trace of free gold(ele'-rﬁ ) was
_‘observed in fractures in quartz veins in th: <ﬁ¥tudy The gold
was reported . to be pr1nc1pally assoc1ated w1th galena and
hsphalerlte, and not pyrlte(B C Report of the Mlnlster of
Mines, 1933 Hedley and Watson, 1945) Examination of the ore
'has shown that there are two, p0551bly three,"generatlons of |

"~ the quartz.[The flrst generatlon is the massive- mllky quartz

assoc1ated w1th the pyrlte. The second one occurs as small

~ _veins, assoc1ated W1th other sulphldes usually follow1ng the,

fractures in ma551ve quartz and pyrlte The poss1ble thlrd
5 s

generatlon quartz, pure quartz veins, may cut through the -

~ above. quartz and sulphldes. Velnlets of calc1te and ser1c1te‘

traver51ng the quartz(f1rst generatlon, may be second
ageneratlon) were also observed. This may "be related to the
‘cgrbonitization and‘sericitizationf

o Threerdistinctivebstages of ore mineral depositioh_can
be recognized..Stage‘J is the stage of deposition'of milky.
quartz and pYrite,Jghdch_usually has a good cubic~crystaL;

b

ifform.‘Stage 2 deposited pyrite, chalcopyrite,'sphalerite and
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m1nor born1te and pyrrhotlte. The well developed exsolutlon
texture of chalcopyr1te in sphaler1te 1nd1cates a relatively ;w.
'hzgh~temperature(350°-400 C, Xu, 1982)., Stage 3 may be
‘d1v1ded 1nto twoxsubstages. Stage 3A is g'stage of,deposition~
of - galena sphaler1te and chalcopyrite following the fractures

1n the prev1ous m1nerals. Stage 3B 1mmed1ately follows the

P

'-stage 3A Argentlte and boulangerlte were dep051ted and may

-

-

_replace the above m1nerals durlng this substage. The small,

late, pure quartz ve1ns may’ be related té stage 3B but the '\?\ST
'ev1dence is 1nconclus1ve. Nevertheless, the scarc1ty of data
“ on ggld 1tself makes it d1ff1cult to know durlng whlch stage
‘the-gdld depositedg As mentioned‘above,'ifuthe gold isf‘ |
'assotiated ﬁith the galena?'lt'shoufd be deposited at stage
‘31\"’.1""-"" e
v Except for 5111c1f1catlon 1n the wall rocks; there 1s‘no

obv1ous ev1dence of alteration “in hand spec1mens.'However,,
m1cro§;nglgally, carbonltazatlon, sericitization and

N

chdor1t1zatlon are recognlzed Calc1te aq? ser1c1te, e1ther

‘-

as. small veins or disseminated. throughout the quartz ve1ns,

-~

f‘are related to a later stage of the prec1p1tat10n of quartz.'ﬁ

v

In- some th1n sectlons, thelr appearance is often assoc1ated

- with pyrlte erystals, 1nd1cat1ng the1r relatlonshlp with. the

.

sulph1de deposztlon. In the v1c1n1ty of quartz ve1ns, ca1c1te
replaces the metamorph1c blOtlte, muscov1te, chlorlte and
_quartz along the. schlst051ty or as:- small veins 1n ‘:?'

;quartz SChlSt. The late ser1c1te and chlorlte also replace
the blotlte and muscov1te along the- schlst051ty Occas1onally

\, v
, . o . N
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‘ brecoiated zone to the host rock Chlorite forms as

‘carbonitization is also-widely developed. Calcxte‘and .

. . . Py 4 o
Wi TR ’ - 19

7they can replace the éarbonate. AIteratlon does not appear to

. Ky e
extend to very far away from the veins, At Morning Star,

-les taken from within 50 metérs of the ma1n veln show

IR

above alteratlons, but no alterat1on is observed 1n samples

taken ‘from 100 meters away the main vein. - ’.

3

In Dusty Mac, the m1nerallzed zone is a gently dipping

/

'tlens of quartz breccﬁa with varylng admlxture of crushed host

rocks. The ore body is about 200 meters long, str1k1ng

: roughly SE140° ‘w1th &*central Cross sect1on wldth of about

50 meters and maxlmum thlckness of about 10 meters(Church

1973) The breccrated quartz 1s of grey1sh white’ colour, but.
’f
due to the strong chlor1tlzatuon, it shows a .greenish-grey

colour. The quaryz was formed before”the'structural movement .

Numerous small quartz veins, randgifig from several millimeters
to seyeral’centimeters‘in width, cut through.the brecciated

quartz, and rocks. This quartz is cleah and glassy ;nd formegl

» o .: 13

~at approx1mately the same time as theé chlorltlzatlon and

A k-

“carbonltlzatlon. Also, from 11m1ted studles, the small quartz

ve1ns are assocxated with &g&phlde m1nerallzatlon(pyr1te and

Cu- contalnlng mlnerals) The metallic m1nerals, malnly pyrlte

Wlth traces of chalcopyrite, bornlte, galena, sphal?r;te and
native silver (Church, 1979)ﬂ are disseminated in the breccia

20ne.'Cthritization is,intensively de&eloped from the

Laggregates or small veinlets cuttxng through or perva51vely

replac1ng quartz and rock brecc1as.’1n add1tlon,
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calciﬁé‘quartz veinS'may cut throughrall the other minerals,
including chlorite, in the mineral 'sequence. Clay 'alteration
is also recognized. Several samples showithat the clay

'minera}(s) usually replace the phenocrysts of the rock&.‘

£,

o



5. FLUID INCLUSION STUDIES- . = - . .
5.1 Fluid Inclusion Techniques
Quartz samples from each minerai:qeposit were -selected

for fluid indiusion studies: The criteria for selecting

samples are: 1) quarﬂ& uhich‘parageneticallywrelates to ore

deposition; and, ‘2) quartz whtth'rebresents each type of
vein, '5$ A. - |
“Generally, the.fluid inclusions studied'were very smali
(usually 5-10um Tn_diameter); The standards ‘used for
recognitien of the_‘primar§'inclusion' were‘that the

inclusions were distributed individually or in random,

clusters‘(Roeddér1'1979, 1984 Taylor et al., 1983}. Chains

ey

..of minute inclusions, which are psually less than 1um in

diameter ana albng the healed fractures, were considered to
- ¥ - -
be secondary in orlgzn.«v

~

Flu1d 1nclu51ons were examined in th1n(0~3 -0.6mm th1ck)
doubly pollshed plates. Temperature determlnatlons were-made.
using a Chalxmeca heat1ng free21ng stage. The stage was
callbrated us1ng standards prov1ded by the manufacturor.«
Repllcate measurements showed that betweem the range of -60°C

and +40°C, the prec1s1qn\was +0,2° C., For hlgher temperature,m

~ homogenization temperatures of. the inclusions»iere

reproducible within 25°C, but Some inElUSions‘shewed'a larger
range of +}0 C. Two factors contr1buted to the dlfflculty in

getting prec1se homogenlzatlon temperatures Flrst, the

v

opt1cs of the m1croscope were not adequate for. observatxon at

o~

'21
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higher temperature. Secondly, vhen the inciusfoff:ad a dark

wall and the vapor‘bubble contracted aga1nst the walI the |
exact determxnatzon of homoggnlzatlonwwas dxffxcult. In the

5 l1ght of the observatlon, the prec1sxon of the’homogen1zatxon

o
: &i)” temperatures is estlmated as 15 C.
. B
The follow1ng abbrev1at1ons are used: Th -
homogenization temperature of the inclusion;'ThCO2 -

':\ homogenization temperature of the Cd} phase; Tmclath -

melt1ng po1nt (dlsappearance of the last crystal) tempenpture
of the clathrate (C02 *5.75H,0) ; Tmlce'F melting temperature
of the 1ce(H20)° and Tmco - meltlng point temperature of '
the: solid COp. L - |
In this study, room temperature‘is 24°+1°C.
,,/.
S.Z,ﬁegcrrption of Fluid Inclusions
Generally,‘three types of primary”inCIUSions vwere
“uw*rgcogniZed, according'to'the compositions of the fluid
| inclusions., | L
?T;’. ‘ Type 1. CO5-H50 1nclu51ons contalnlng COZ and aqueous -
i ~f1u1ds. The existence of the COy phase was confirmed bg the/
fact that the melting temperature of the solid of this, phase
| was*around -56.6 C(C02 trlple point). CO,-H50 .inclusions show
f{ two phases(coz llqu1d,and H50 11qu16) or three-phases(coz |
~. liquid, CO, vapor and aqueous liquid) at ‘room \
. temperathre(Fzg. 7 and Fig. 8). For the 2- phase COZ-Hzo

inclusions, a third phase(C02 vapor) forms when cool1ng the

1nclu51ons to about 5°C to 15° C Without cool1ng, it {sl #y
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‘ -Fig. 7. 2-phase CO5=H,0 inclusions. Sample F=1.
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" wvere 3-5 um. CO, inclusions are closely related to CO,~Hy0

o : 24

difficult to distinguish the 2-phase CO,-H,0 inclusions from
the 2-phase aqueous inclusions. For type 1 inclusions,

clathrate and solid CO, were usually formed.at about -30°

. --40°C and .-95°--105°C, respectively. The shapes,bf type 1

inclusﬁons are variable, from spherical, short prismatic to

irreqular, with the average diameter of 5 to 10 um, although
3 ] . ’ : LN )

some larger inclusions may be 15 um or more. The CO, phase

occuptes different percentages of the total inclusion volume

at different”deposits; rangiqg from 10 to 90 percent, but 20

to 30 percent is more cOmmoh, Due to high internal pressures,

some of the CO,~H,0 inclusions decrepitated duréhg heating.
Heating tests showed that most of the decrepitated inclusions
decrepitated at.the temperatures just before their

homogenization, but some had decrepitation temperatures a
little higher(about 20°-30°C) than their homogenization:
temperatures. | ”

TypeﬁZ; CO, inclusions d%ntaining‘almost pure CO,. At

~ room temperature, the inclusions show one (CO, liguid)»or
. two(a CO5 vapor bubble enQoloped by CO, liquid) phases. A

.vapor phase formed when the one phase CO, inclusions were

cooled Both one and’ two phase coz inclusions formed CO,
solld when the temperature decreased to about -100°C. The
solid melted at about -56.6° cC. Unlike type 1 1nclu51ons, no
clathrate formed in type 2 1nplu51ons. The size of type 2
1nclus1ons is small. ?yp1cal diameters for the CO, inclusions

inclusions, especially when the Coz—HéO inclusions have a
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wide range of‘filling ratios(coz/(éoz + H,0)). This suggests
that the CO, inclusions are an end member of the COZ-HZO
1nclus1ons(type 1 1ncluslons)

Type 3. Aqueous fluid inclusions containing aqueousp
~vapor and‘liquid. Most of the type 3 inclusions occurred at
Fairview and Oro Fino are similar.in size, phase ratio and
occurrence to the 2-phase type 1 1nclu51ons. The vapor phase
occuples much smaller- volume vabout 5 to 10, percent of the
total: 1nclusxon volume at Dusty Mac(F1g 9). kl .

Secondary fluid 1nclu51ons are always present. They

mlght be classfied as type 4 1nclusxon This type of
inclusion is’usually disttibuted along the healed frastures
and usually- has an enlongate shape. The - 1nclus1ons are very
small(usually less than 1 um), w1th a few except1ons mak1ng
it d1ff1cult to make heatlng and freez1ng measurements. From
some,measured type 4 1nclu51ons, It is apparent that
seéondary inclusions were}fil%ed with'adueous flpid, but most
df~tnemrseémed§t0'be only one pnase(ﬂzoiliqnid?).'The
secondary inclusions pfobabiyzbeiong to Sevefal'generations.

: - . 5

’5.3 Tempera{ure Measurements

| -Five temperatures:'meiting temperatures of solid CO,,
clathrate and H,0 ice Jnd homogenlzat1on temperatures of C02
‘and HZO CO, or HZO 11qu1d vapor vere determlned The data are
'llsted in table 1. ' ' |

Meltlng of solid C02, clathrate and ice were determlned

~when the jagged margin of vapor phase suddenly disappeared,

13
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and aﬁspherical/vapor bubble‘formed;<Hbmogemizatibm:ot Coy. .
'and HéO-COz or:Hzoruapor-liquid were determ}ned whéh the - |
boundary of two dlstxnct flu1d phases dlsappeared Most of
‘the £1u1ds homogenlzed to 11qu1d phasé | '

Most of the COZ contalnlng 1nclusions(type 1 and tYpe 2)
have meltzng temperaturesaof solld Coz'rang1ng from -56. é °c
to -58.5 C(table 1. Th1s 1mp11es ‘that” these 1nclu51ons

contaln essentlally pure COZ(Hoéllster 7t al.; 1976 Burrus,”

L
r) .

‘1981a, 1981b) Nevertheless, d&pression of - meltlng SR
temperature of SOlld C02 in some 1ncluslons 1nd1cates the :
exlstence of some other gas(es) probably-CH¢ Accordlng to
Swanenberg(1979), at the degree of flllgng of .0.2-0, 3(most

common in COZ-HZO 1nclu51ons from Qro F1no and Fa1rv1ew) the

¥

wgmeltrhg temperature of C02 of . —57 5 C 1nd1cates a- CH4 content

 of about 5 percent in the COZ CHy system.,51nce most of the

. measurements of TMeo, - are hlgher than —57 5°¢ (table 1), 1t is
’concluded that the C02 phase 1n most of the 1nclu51ons here

.1s essent1ally pure Coz..

2

Sallnlty determlnatlons were basedron freezlng p01nt .

depre551ons of ice in the system of HZO-NaCI(Potter et al.,f

. )
1978) for aqueous 1nclu51ons and depre551ons of the

Y

decomp051t10n of clathrate 1n the system of Hzo CoeraCl for

.'1C02—H20 1nc1us1ons(Bozzo et al., 1973 Colllns, 1979) ‘ -
~Although the. exact value of the’ meltlng temperature of COZ /
:ihydrate is questloned by some authors, e. g Roeqoer(1984)
>71t nevertheless gives an estlmate. Slnce thjvggi phase

studled'here 1a‘,ssent1ally pure, the 1nfluence of other

L
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_pressure at this stage. . -

. S
5.3.1 Dusty Mac

S . , ‘ o ; L § "‘,31
\"}l\) ) « | i
gdses on mElting temperature of clathrate is small

- “Densities of C02 were based on the table of Amagat(ln He
W f

Zhili, 1980), which glves the'experlmental data for -

'ClIQUId vapor saturation curve for Co,. By measurlng

\E

‘ homogen1zat10n temperature of the COyp,- the den51t1es of .CO,

were'’ obtalned o o , . . :

Homogenization temperatures were not'correoted for

"Both brecciated and veiY:quartz contain a few agueous
: . " ’ - - ‘0'.
inclusions. The~inclusi0ns are usually small in size with .

. some larger inclusions ranging up tp 10 to 5 um. The vapor

'bubble occup1es only about 5 percent oﬁ—the~rnclu51on volume

in samples from brecc1ated quartz, but about 10 percent forp
¢ . -

samples from vein quartz. The results(table T)‘show“that‘the -
.propertles of the- 1nclu51ons are ba51cally the same between
two kinds of quartz. ‘As a consequence,,we can statlst1cally‘
consider them togethe as a vhole. | |

Homogenlzatlon temperatures of primary 1nclu51ons range ,

L3

from 161 C to: 303 C w1th the average of 1nd1v1dual samples"

from 215°C to 264°C. A h1stogram of homogenluﬁylon

.temperatures(Flg. 10) shows a peak at 245°C, compared with

{Eﬁ average of 95 1nclu51ons of 233 C Melting temperatures
of ice range 0.0°C to ~2.6° C Th1s gives a sa11n1ty of 0.0 to
4.3 wt% NaCl equ1valent. Hlstogram &f melting temperatures of

ice(Fig. 11) shows a peak at -0 3°C, Whlch corresponds to a
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sal1n1ty of 0.5 wt¥ NaCl equ1valent.‘ o ‘
Only a' few of the secondary 1nclus1ons were large enough
for measurement. The1r homogenlzat1on temperatures rafige’ from

116 C to 209 C

5.3.2 Oro Fino  © - 'uf1~;" K

1

The samples of Oro.Fino“andfTwin Lake deposits used for

. "the study were'collected from the veins near the main shafts

»

'meltlng temperature of clathrate of 6.4°C cor

.and waste dumps. - f”,t ,

- Both coz H,0 and agueous 1nclu51ons were obserged in the

. samples from Oro Fino, but the COZ-Hzogtype dom1nates, ‘The

inclusions are generally smaller than 10 um. At room

~;temper&ature, the CO,-H,0 "inclusions 'lly show three
apo

. . . \
phases(liquid H,0, liquidfcoz‘and v CO,). The C02 phase

‘ 1s about. 10°to 30 volume ﬁ@wcent of: the 1nc1u51on. The vapor

bgbbles 05 aqueous inclusion occupy a 51m11ar percentage of
the volume. H |
. Homogenlzat1on temperatures of the €O, phase range from

27.0°C to 30.9° C, with the average of 29.4°C. This g1ves a

C02 den51ty of 0. 62 g/cm The range of meltlng temperaturesw.ﬂ

of clathrate is from 5 5° c to 8.1°C. and the correspondlng

sa11n1ty ranges from 3. 8 to 8.3 wt% Nan equ1valf‘t Average

onds, to a

salinity of 6.8 wt% NaCl egdivalent.'Homogenlzation of

HZO CO, varies from 277° fod to 349 C, w1th an average OI 305°cC.
Determ1nat1ons of the depre551on ‘of the freezlng polnt'

of agueous inclusions range from 0.0°C to -0 4 C(sample e

. -

-

-
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” o~ 11) whzch is equ1valent to 0.0 to 0 7 wt% NacCl, This is

L\‘somewhat lower than that’ mkasured for COZ—HZO 1nclus1ona{

Homogenlzat1on tempe§atures of aqueous inclusiorns range from

246 C to 351 C, .w1th an average of 304 C.

Three secondary 1nc1us1ons have the homogenxzatxon

-

temperatures of 197°C to 227°C, with an average of 212°C.

5 3.3 Twin Lake L .

The characterlstlcs of 1nclus1ons from the Tw1n Lake

) .\

. deposit are - very 51m1lar to that of Oro Fan, but a few CO,

F

‘lxnclu51ons were observed at Tw1n Lake.

" For COZ-HZO inclusions, melt1ng temperatures of
clathrate are from 4.8°C to 8.3°C, whlch is equ1va1ent to 3. 4
‘to‘9t4‘wt% NaCl equivalent. The average meltinq temperatU:e
of clathrate of 6. 59C»eorrepende te a salinity‘of 6. 6 wt%
»NaCl equxvalent. The average homogen1zat10n temperature of
v«27”4 C for the Cco, phase glves a COp dens1ty of 0.66 g/cm
.The total hcmogen1zat10n temperatures range from 264°C to
'342 C, y&th an average of 307 C.

Sample T-11 gives an average meltlng temperaturt of ice
fot‘aqueoﬁe ineiUSions of -0.7°C, but the sample- T—12 gives .
an average of -5. 5 C. Two temperatures indicate sa11n1t1es of
1.2 and 8.6 wt% NaCl equ1va1ent, respectlvely. Homogen1zat1on

' temperatures of aqueous 1nclu51ons range from- 195 c to 301 c,}

L]
: wnth the average of 246°C.

Two C02 1nclu51ons in sample T-11 have me1t1ng

temperature of solid CO, at -57.2°C and homogen1zat10n

x . . N r

e
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temperature of 28 5° C, wh1ch corresponds to C02 densxty of

-~

l

Q.64 g/cm .

Several secondary 1nclus1ons in sample T-11 *have

homogenlzat1on temperatures rang1ng from 160 C to 201 C,‘with'

an average of 177° C. The average ice melt1ng temperature and .

sa11n1ty were -1, 6 C and 2.7 wt% NaCl equ1valent

~,

respect1vely..3

5.3.4 Stemwinder

L

Samples of Stemwlnder dep051t are from different sites

_around the m1ne. S-3 is from a large barren quartz vein about'

100 ‘meters away the main shaft. S 8 and S- 12 are from the

vein at the entrance of the shaft. SP-6 is from a waste dump .

and may originally have been’from éﬁé orerbody; All the

[IEN

-samples ontaln numerous small CO»-H,0 1nclu51ons w1th a size
@ ‘2 N2 :

of 5 10 um. At robm temperature, most of thlS type of

1nc1u51ons show two phases(HZO liquid + CO, llqu1d) A CO,

vapor is present in some 1nclu51ons. The degree of filling of
COZ(COZ/(COZ + HZO)) varies from 10 to 60 percent in volume,
but in most of the inclusions, COZ occuples about 20 percent
of the total 1nclu51on volume. --‘».- .-

Melt1n9 temperatures of clathrate range from 6 1°C to

9.6°C, with most of - the measurements clustering nround 8.5°Cce

" The sallnlty, based ‘on the average meltlng temperature of

[N A

clathrate(S 5°C), 1s 3. 0 wt% NaCl equlvalent.

Homogen1zatlon temperatures of CO, vary from 8. 9 c to

27.6° C.uMost of them occurfat‘about 25°C(Fig. 12). This

B

\ | S .
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_corresponds to a C02 den51ty of 0 70 g/cm ,

‘ The range of total homogen1zatlon temperatures 1s from

| 224° to 332°C, with the individual sample means from.258°C to
3185 C. The hlstogram(Flg. 13) of homogenlaatxon temperatures

‘N shows the mode at abput 2755C. The average homogenzzationA.r

temperature of 270°C is cbnsistent with this result.

_ A CO,y 1nclus1on was measured and the resurts are’ Tmco

of -56.5°C and Thco of 12 9°c. Th1s g1ves a hlgher C02

;den51ty of 0.83 g/cm ‘Since there was only one measurement,

. Yo
the value‘?% somewhat uncertain. . ‘ . :

Kt

" Determinatdions of secondary inclusions give a range of
..homqgeniiation temperatures'from 169°C to 237°C, with the |
auerage of 189°C, and tﬁe salinity of 0.9 wt% NaCl ~~
eéuivalent. . .
5.3t5 Korning Star o T | ' e T .

At Morning Star)halmost all’the.ihclusionshobserved"‘
beloné to COz—Hzoltype. Only a few of CO, inclLsions‘were,l
e,_notedl Thej are closely'asseciated with the C024H20-
1nclu51ons, espec1ally with those 1nclu§1ons with hlgh €O,
degrees of Flllzng. ' \ _”" )

Sev=n sampies from Mornlng Star were measured Samples
M-16 M-29 and y 35 were from west ve1n near the entrance of
.the main shaft, Samples M§-3a¢hrqugh MP-12 were frem dump

s '/fg__j .. "
piles and some of them may represent the ore-body.

~ . : o

Numerous small(3-10 umf’COQ?HZO inclusions were randomly

distributed. At room temperature,‘theoinclusions showed two

™ o

/T
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phases(lzqu&d H20 + liquid C02) byt some 3-phase coz-Hzo
1ncluslons ex1st in sample MP-6. Degrees of fill1ng by CO,
yarled considerably, from 10 to. 90 percent ofu{nclu51on
volume, even,dithin the gsame field of view(Fig 14)l This
‘vphenomenon indicates that a heterogeneous ,.trapping of the
fluid might have happened.
Measerements(table 1) show that the inclusions in the
two groups\of samples(from west vein and from dump piles) are
“_basicai}y similer,,in‘tetms of the characters of the'gluid.
Melting temperetuges of clathrate range from 5.6°C fo
9.4°C. This is equivaient to salinities from 1.2 to 8.1 wt¥
NaCl equivalent. The average melting temperature of clathrate
of 7.7°C correqunds to a.saIinity of“4.5 wt% NaCl ; L
equivalentT"Homogenizatkbn temperatures oficoz phase vary
from 9.8°C to 28.9° C, with a “mode ﬂ; about 21°C{Fig. 15) angd
S Ehls 1nd1ca;es a €O, density of 0. {6 g/cm3 The range of

~¢vtotal homogenization temperatures was from 178°C to 362°C. As
"to individual samples, M-35 and MP-6-1 have the largest
3

temp%rature intervals, frem 189°C to 332°C and 118°C:to
3i2°c, respectively, Two possible factors may be responsible
fer thisqbehavier:’1) effervescenee-causing heterogeneous
trapping of ehe fluié; and 2) two generations’of inclesionst,
% Since ‘all of the inclusions measured q?e believed.;o-Be
p;imary in origin, the second possibﬁlitf”can be excluded.
Thus the’most probable reaedh for%the large interval of

" homogenization temperatures is effervescence of C02. This is

o cqnsisteﬁt with the phenomenon of varié@le of CO,/H,0 ratios



: Fig; 14, wide-hande of CO,/H,O ratios, from less
than. 20% to more than 80%, in -phase CO;-H,0
inclusions. Sample M-16. x800. :

»
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in thxs type of inclusions Meoxurements of 136 inclusions
show thet the mode” of homogenization temperature is at about
285° C(th.lls), compared with the‘average of 136 inclusions
-of 277°C. ' | i |
Several measurements on CO, inclusions show melting
temperatures of solid CO, from -57. 5 C, to ~-58. 4 C, and
.homogen1zat1on temperatures of CO, from 13.1°C to 21, 1 C,
which correspondg'to CO, densities of 0.76-0.83 g/cm3.
Two measurements on ice melting temperature for
«.seoondaryfinclusions on sample M-16 give melting temperatures
'between”—i.o‘and‘-2.7°c andlthe su;inityhbetween 1.7 and 3.9

wt% NaCl equivalent:. Homogenization .temperatures of secondary

»

inclusions range from 142°C to 191°C.
'5.3.6 Fairview
| ’Fifteenbsamples; representing three typeskof quartz,
were used for fluid inclusion studies. Amoog.themﬂlsampies
F—i through F-6, FA-I through FA-6 and FA430’are from type A
ve1ns(FA 1 through FA-6 and FA-30 are from ore-body); sar samples
HFA 18 through FA 24 represent type*B ve1n5° and FA- 13 and
FA-14 represent type C ve1ns. »

All four types of inclusions: exist }n.the samples frpm
Fairview, but the CO,-H,0 type is[the most abundant. The;

average siie of the COZ-HZO inclusiohs is about 5-10 um, but=
some larger 1nclu51ons are’'as large as 20 um, Most of the
_coz-Hzo 1nclus1ons were three phases(lzquxd H20 laqu1d coé

and vapor COZ) at room temperaturé. The coz phase occupied.



trom 10 to 50 percent of the total inclusxon volume, but
20-30° percent was most common., "o
Qpasurements show that CO,~HZ0 1nc1usions from three

types of vein quartz have very similar CO, densitxes,'

selinxtxes and homogenxzet;on temperatures(tab}e 1), Variance

'emalykis on homogenization temperatures of COZ-HZO‘inclusiona
£tom threevtypes-o; quartz ye&hg-showe that there ia ncy“ -
significant difference betveen them. As a consequence, -
.inclusions from three types of quartz vere considered
_statistically as a whole. | o
Meltimg temperatures of clathrate vary from 5‘45C to
9.2°, and thus the sa11n1t1esjvary from 1.6 to 8. 4 wt% NaCl
equivalent. The mode of 62 meqsurements on meltxng
temperature of clathrate is at dbout 7.7 C(F1g 17), compared

with the average of 7.6° C This gives a sa11n1ty of 4.7 wt%,

NaCl equivalent. Homogen1zatlon temperatures of CO, phase are

videly disttfbutéd(?ig"18) “from 9.3°C to 29. 2°C. Figuréffaj

I3

ﬁ';rshows a mode at about 27°C. Thls temperature 1s about 3 C

'hmgher than the average of 111 1nclus1ons. The correspond1ng
,:den51ty of Thco of 27°C 1s 0.67 g/cm3 lee Morn1ng Sﬁ‘gi
“vzftﬂe-homog!n1zatlon temperatures gf COZ-HZO 1nc1u$10ns have a

\( 1afge range, eVen in ah individu! sample(e g., FAF4ffrom

».i196 C to 333 C, FA—13 Vv from 194°C to 328 C ‘and F-2 from

 ff197 C to 320 °c). ' This m1ght also ‘indicate the ‘occurrence of

heterogeneous trappxng of the flu1d' Howevef, & h1stogram of
homogen1zat1on measurements of 307 1nclus1ons(Flg 19) shows.

a mode at about 275° C, compared with the average of 270° C

i
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Several C02 1nclus1oﬁg show that they have a relatlvely

vpure COZ comp051thon(tr1ple p01nt temperature -56 9°--57. ;kC),

and a 51m11arNg02 deqslty tQ‘those of,the C02~H20,1nclu51ons.

Since the aqueous-inclusions were rare, only a few

~ measurements were done. Two samples show salinities of 2.7 to.

<5
-\

4.6 wtk NaCl equivalent and homogenization'températures of

275°'to 313°.

{

Homogenlzatlon temperatures of secondary inclusions

,range from 150° Cito 211°C.

5.4 Pressure—d?pth estimation

q .No exact determlnatlon of pressure can be obtalned from

‘ Dusty Mac, but an. estlmatlon of vapor pressure by using.
7Hass s data(1971, 1976) for HZO—NaCl system can give some
v?lnformat1on about pressure. At Dusty Mac, as shown above, the

; fluxds have very low sa11n1t1es and are essent1ally pure

ﬁ

’water “Assumlng pume water, at homogenlzatlon temperature of

240 C the minimum vapor pressure is. 34 bars whlch

et n(

?‘correspbnds to a depth of 380 meters, assumlng a hydrostatlc

»pressure gradlent, or 120 meters, assumlng a. l1thosxat1c_

pressure gradlent. Th1s pressure is only a minimum estlmate,
51nce the f&uld 1nc1u51ons show no. ev1dence of b0111ng
Ex1stence of faultlng systems, perva51ve water/rock
1nteract10n(see next chapter) and very Iow sa11n1ty 8t Dusty ‘
Mac suggest that the ve1n system was open tq theﬁsurface,,ahd'
the pressurepgradlent was hydrostatgc.»Thus,,ln the cas?hof
Dusty Mae,_an~approximateyminimumftrapping depth of 380




»

meters can be estimated

46

: : N\
The presence of COZ inclusions at Tw1n Lake, Stemw1nder,

Morning Star and Falrview allows us to determlne the fluid

I :
pressure 1n the system. Flgure 20 shows the ava1lab1e P-v-T

~

"data for COZ. As discussed before, CO, den51ty at Tw1n Lake

is estimated to be about 0.65 g/cm . At the homogenization

'temperature of the cogxisting CO,-H50 inclusions(taking 300°C

- as an egtimate) the pressure is about 900 bars. Estlmatlon

of CO, den51ty at Stemw1nder, Mornlng Star and Fairview vas

*

about 0.70- 0 80 g/cm . At homogen1zat10n temperature of

“coex1st1ng Cozfﬂzo 1nclusrons(tak1ng 275°C as an estimate),

the pressure is 980-1320 bars. Using this method, accurate

estigatiOn ofLCOZ density is very important. For the example

above, a density difference of 0.1ig/cm3_can produce a,h

pressune differeﬁce of 340 bars atythe measured P-T range;

(

Influence of the temperature on'pressure estlmate u51ng this

&

‘method is much smaller. For example, tak1ng the CO, density

of 0.7 g/cm ' the pressure sh1ft 1s about 100 bars, w1th the

temperature change bf 50 C

_ Seperate C02 and aqueous 1ncluszons can be used for

PO

qeo&ﬂi&ﬁetry@kalyuzhnyl et al.%1953- from Roedder et al.,

‘,‘1930¢; A few of such situations happened at Twin Lake.‘In

: sample T-11, C02 1nclus1ons homogenlzed at 28.5°C and aqueous

\

"1nclus13ns at 270 C Th1s 1nd1cates a trapplng temperature
. and pressure of about 330°C and- 1@@@9 bars(Flg 21), .

~respect1vely - This pressure is some 100 bars hlgher than the

one above, but is still w1th1n reasonable error..The pressure

+

Y
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: Fig. 21. Combined P-T diagrams for CO,-and HZO
Revised from Roedder and Bodnar(1980). Point &

- . . " >
- . . r. 2
. . 0 ~a . .
. i o,

" represents “the common trapp1ng temperature(330 C) and

pressure(lOOO bars) for €O, glu51ons homogenlzlng
at 28.5°C(density .of 0. 65‘g/cm ) and Hy,0 1gc1us1ons

.homogen1z1ng At 270°C(density of 0. 77 g/cm

v




‘. o ' . Y
o ‘ 49

4

/ * ’
of 1000 bars corresponds to a depth of about 3600 meters at

lithostatic pressure gradxent(assum1ng 275 bars/km)
Bowers and Helgeson(1983a) have calculated P- v- T X _
relat1onsh1p for HZO-COZ-NaCl system. Figure 22 shows the .

1sochores and the immiscible area of the solut1on conta1n1ng

4.8 wt% NaCl 20.6 wt¥% CO, and’74.6 wt% HZO, wh1ch is similar -

to the fluids ,mepsured at Fairview area. Assuming

heterogeneous entrapment of the flu1d occurred at 285° Cﬂﬁ

‘_Mornlng Star the correSpondlng pressure 1s about 1150 bars.

o

Since the slope of 1mmxsc1ble curve is steep, temperature

1‘drastica11y"influences the preSSure obtaLned'using this -
‘method. If the temperature is 10° C lower, as the 51tuat10n at

’ Fa1rv1ew, the pressure should increase to about 1300 bars to

make the solution immiscible. As FBerIGW‘IS 240 meters |
. - ‘ '

_higher in elevation than Morning Star, the'pressuredmeasured

should be somewhat lower than that of Morning Star. The

explanation could be thervariations of sallnity and CO,

content_of the fluid. Salinity can strongly change the

solubility of CO, in H,0-NaCl system(Ellis and Golding, 1963;

,Takenouchi and Kennedy, 1965; Gehrig. ét al, » 1979). A change

of the sal1n1ty by 0.5 wt% could Shlft the pressure by about

. 1060-150 bars at the salinity of about 5 wt% NaCl and the
ltemperature of 285°C, according to Bowers,and

' Helgeson(198$b)t'0n the other hand, Encrease or decrease of
‘coz content can drast1cally 1nf1uence the position of

_immiscible curve. For example,‘when the fluxd decreases its

C02 content to 10.-wt% CO,, at same -salinity and temperature

'
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Fig. 22. Isochores for solution compositions
“corresponding to pure H,0(solid lines) and 74.6 wt%
H,0, 20.6 wt%.CO, and 4.8 wt% NaCl(dashed :lines). The
thick dashed curve is immiscible curve., After Bowers
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as above, the immiscible curve should be at about 500
bars(Bowers and Hélgeson, 1983b). - -

| ‘As discussed abgve} various methods used for estimatiénv
of the pressures give a range'from 950 to 1300 bars for
Fairview area. Because fluid inclusion studies have shown.
that the fluids in Fairview area were éffervescing when they
 were trapped, the pressure obtaiﬁq@ here shouid.be‘théir
"true"‘tfapping ptessure..Taking 1100r1200'bars.§s an

estimate for the pressure of mineralization in this area, the

cofrespondihg depth is 3900-4300 meters at lithostatic s
-pressure gradient(assuming 275 bars/km). o
'4' :.,"l , A
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6. STABLE 1SOTOPIC STUDIES

6.1 Techniques. : _ 4 o

In recent years, numerous stable isotope studies have’
showa that they are powerful tools iﬁ understanding the
origins of hydrothermal fluids-and ore dep051t10n(e 9.,
Suglsakh 1971- Taylor, 1974, 1979; O'Neil et al.,1974; and .
f many others) During this study, the oxygen and carbon '
isotope values of samples from the various deposits were
‘analysed to determine the isotopic'charaoreristics of the
minerals, rocks and hydrothermal fluids. .

Carbon isotopic determinations were made on the fluids
released from the tluid 1nclu51ons and caic1te. Oxygen
1sotop1c comp051tlons were made on minerals and*rocks a”

Most of the samples selected for 1sotopac analyses were
used for flu1d 1nclus1on studles. Except some‘pure quartz
samples, all the mlneray samples were treated with p;re.
,hydrochlor1c acid at room temperature for one day or more to
remove carbonate(s) and then picked under a binocular-
microscooe. The purity of the minerals is'bettervohan ési,

Oxygen was zeleaséd from quartz, silieates ahd.nhole‘

.

rock samples by react1on with BrF5 in nlckle reaction’ ;ubes
Q

at about 600°C for 12-14 hours(Clayton et al., 1963), and

then converted to CO, by the reactlon with the hot carbon.

Y

FlUIdS were4extracted from.quartz samples by thermal
decrepitation. The quartz samples were crushed to a grain

size’ of about ! mm. The crushed samples were heated to 250°C

P
- R - . . B

52
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in a vacuum line overnight to remove atmospheric water vapor
dhd decrepitate sécondary fluid inclusions. The samples were
then heated up to 1100 C for 3 hours and the liberated fluid
was collected in a liquid nxtrogen trap A dry ice trap was
used ;pr seperat1ng CO,.and water vapor. The water vapor was
USedffor hydrogen dﬁd.the CO, for‘ddrbon'isdtopic analysec.

5;3 For. calc1te, the CO, was obtained by reaction of the
powdered calc1te w1th pure phosphor1c acid at 25° for a.
‘day(McCrea, 1950)., |

Oxygen and carbon 1sotop1c comp051t10ns were. analyzed by

using a double collec1ng, 90° sector “ |
mass-spectrometer(Mucromass 602D) at the Department of
Chemistry, Un1ver51ty of Alberta.

v Q

For~ oxygen isotopic analysis, the precision as 1nd1cabed

[+

by replicate analyses on several quartz samples is ;0.2 per
mils |

The isotopic.coﬁpositiops of the samples are reported Ln
the & notatidndin per mil devietdon from SMOW(Craig, 1961).

%

fo; oxygen and PDB(Craig, 1957) for carbon.

6.2 Isotopic Compositions

6 2 1 Dusty Mac‘

ﬂ' The 5180 values of 7 quartz samples and 6 whole rock
sdmplds are summarized in table 2.

. The qharti has a narroyg8180 range from +0.8 to +2.8 per

mil.,Oxygen isotopic results show little difference between

by



v

TABLE 2. OXYGEN ISOTOPIC COMPOS!TIONS OF
QUARTZ AND ROCKS FROM DUST MAC

- Sample Mineral/Rock ~ - 8"0
D-14-v Vein ,quariz +1.2
D-15 - - Vein quartz +1.3
D-29-V * Vein quartz _+0.'8
D-8.- ™ Brecciated quartz +2.8

.D-13 B Brecciated quartz +2.0
D-28 Breccialed;‘quartz' ' +1.6
D-29-B Brecciated quagf} +2.3

. D-3 ' Shale S N
D-4 " Andesite 20
D-9". ‘Andesite T
D-14 o Andesite -1.7

. DA-3 Andesite < -0.8
DB-24 Lahar . 37

& i
o
& \\,
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the vein quartz and the brecciated quartz(tablgtz) This is q"'

consxstent with the results of the fluid 1nc1usxon s%udies

and 1nd1cates that the two kKinds of quartz have theigspe
origin and similar precipitating envxronment. It is .possi
to calculate the oxygen isotopic compos1txon of the vater
whlch isotopically equ1l1brated with the quartz, using the
.avaalable g’,ben isotopxd fractionation equation for the
quartz water system. Assuming the quartz was in equilibr}um
Vwith the f;uid,st 240fC,‘using‘the reuised equation of
Clayton et al.(1972) o ) s

| 1031n, = 3.38 (106772 ) - 2.90

the calculated.o180 values of the water range from -7.1 t

-~9.1 per mil., The ayerage’6150 of +1.7 for 7 quartz samp

giuesfa 61§Q“of -8.2 per‘miIQ' r the\water. Increasing the

tenpératurekof“quartz~depdsition y 30°C would shift the
calculated 5180 value of the waterAby +1.3 per mil(if the
pressure is 250 bars, vhich . should be . hlgher than that of
Dusty ‘Mac, pressure correct1on for homogen%fat1on temperature

-;1s>about 30°C, ‘according to Potter(1977))

Four whole rock samples(D-3, D-4, D-9 and D- 14) from the

vicinity of the ore nave oxygen isotopic compositions very

-

similar to two samples(DA-3 -and DB-24).from about 500 meters

/s

away from the-ore-body lgﬁs indicates that the oxygen -7
1sotop1c exchange between’ the fluid and the host rocks vas
establlshed not only within the v1c1n1ty of the ore- body, but

also to a considerable distance. The w1despread depletzon of

‘the 6180 in. the rocks, ﬁhout =2.0 per mil at Dusty Mac

bﬂl
¥ S
.

s
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comparing with +6.5 per mil of tho."noyﬁal andesite" (Taylor,
1974), may also indicates that large amount of low' '50

N water was 1nvolved in water-rock 1nteractxon Of all the

Jpossible vaters, only mé&eoric wa&,r has a 6’30 value below

,zero. Thus, the most probable water 1nvolved in watervrock

interaction is meteoric water. Taylor(1977) has indicated

that during the past”150 M&}the isotopic variatioh of

‘ meteorxc waters across North America should have been skgzlar

to the present pattern. Present day»meteorlc water in.
southern B.C. has §'80 values besween;—13 to =15 per mil. | '
Magarltz et al,(1986) have shown a 6’80 of —13 psr mll for
Tertiary meteoric water -in the Okanagan area.W

Taylor(1974 1979) has deve oped a qué& for calculatxng

W ‘W

is approx1matery equal to the 5180 . .:ﬁ
1974). then the oxygen isotope fract1 . 1 ;
Plagzoclase (An30) and water (O’ Neilsigé 1°§, q9%7) T“"iﬁi‘f:

.8 80 g.'," s Bowater = 2. 58#‘{?6{‘2) -.\3 53

»
.'

can be used as 2 for calculat1ng wagf

reasonable appoximations that 61 = ?i'é J3 0 bf

*ﬁﬁs

-2.0.and T = 240°C, the calculated Y ia‘é;.,is,_g;,l 9The .
above ca%cu;at1qp is'based ,on the- icn that no wster:f

+ &
3 .
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‘EEGapes £tom hygrothermal system befcrejiaoéopic equilib:?um
has been established. rhe equation(maylpr, 1979)
S W/Re In (8] - 8k e a) 7 sk - st e IR

is  used for the open system in qh%ehhthe water passes through

‘the syetemaonly once. The ealpulaged water-rock ratio, using
2 ’”;he same assumptions as above, is. 1.1, The true situationv
| sheuld lie between ‘the two.diecussed abéve, i.e,} R/W = o

1.1-1.9. If waterfrdék‘ratioois exbressedvby weight ratio}'ir \

should -be 0.55-0.95, considering that't’he-' rocks only éontain
"40-50 wt%lbeQen,fwhile the watervcontains 89rwt% oxygen. '

-“Assumxng the volume of rocks involved in water- rock ‘ ¢

mteractmn was at 1ea$t 0. 5 km3' the requzred meteoric water i-*
is 0.7- 1 4x109 tonnes(o 7-1.4. km3 water). This is a large but | \
reasonable number..énggen 1e;tep1c ratlo of ghe hydrothermal

£1did was shifted from’thé 5180 value of meteoric wQFEr
451gn1f1cantly Given- initial condxtlons of T=240°C, 6180 Orock

= +6, 5 s Bowater = -13.0,. and W/R = , the hydrothermal
fluxd would attain a 5180 value of 6 6 per mil under
: equ111br1um condltlon The vaIue of -6.6 is h1gher than the
values of -7, 1-—9 1 per mll obta1ned from quartz water
fractxonatzon. Th1s is probably because the water rock ratlo
‘is larger than j and the<pxygen 1sotop1c exchange between the | -
- rocks and water was 1ncomplete. 1f the water rock rat1o is 2 {'
the 6180 value of the fluid woulg,be -8.7, us1ng the same . T
conditions. This’ ;ndlcates that -the water- rock rat1o!at Dusﬁy-
Mac is 1 to 2. ?.1 | |

-



_ vﬁd1v1dual 1sotope‘are,§afbeloe.ﬁ;

R tyﬁzs bf ve!ns in the area. They show a narrow range of

"‘1972L, the calculated 6180 values fo

6 2 2 Fa1rv1ew Camp "

a

“ The Isotop1c“resul$s from Fa1rv1ew area’ are}sUmmarized'

"’1n table 31§The detaile ﬁ3§3c41ptlohs-andjd1scus ionsvon

R

N
. , P s
» ‘« R

“6.2. 2‘1'Oxygen isOtopic compositddnsﬁ‘
Thlrty three oxygen 1sotop1c analyses were made on

bl

_dquartz samples from dlfferent dep051ts and dlfferent
9

-

\

-~

6180 values, from +11 8 to +14; 0 per m1l
\/ v
At the Fairview- dep051t, f1ve quartz sambE;S(FA—1

through FA-8): from ore- body have the 6180 values from
Ty
+12.9 to +13 9 per mil, The other five samples of type A

vein quartz(F-1 througH F-20) show 61?0 from +11.8 to

'+13.8 per mil, Four'samples of type B vein quartz(FA—TB

Y
£ g
.

] . :
through FA—24)‘have the 6180 from +13.1 to +13.6 per mil.:

e

The 6180 values for three samples of. type C vein y"w

quavtz&FA 9 through FA- 14) range fromr+12 4 to +13 6. per'

omil. A quartz sample(% 32) from a small quartz ve1n(10 mm ¢

o

wlde) in the mlcaceous quartz schist about 300 meterSr-’

b
qqrthwest of the ma1n entrance has the 5180 value of

+\2 3 per. mil. The results show that t! e oxygen 1sotop1c'z

ratlos between three types of quartz velns are almost the

,same ‘at Fa1rv1ew. The maxlmum var1at1on is 2.J per.mii.

he hydrothermal

'water«are from +3. 4 to +5 5 per m1l asswmlng a .
4

"Ntemperature of 275~G(trapp1ng temperature) for
BRI Do T

USIng‘quartz—water'£ract1onat10n equiﬁ}on(clayton et al;,"



L4

- - TABLE 3. OXYGEN AND GARA
CCOMPOSITIONS OF MINERALS AND

FAIRVIEW MORNING STAR AND STEMW]NDFR
. Sample Mmeral/Rock | 5"0(: S fC
Fairview ' e
v F-1 Quartz. g : -
- F2 Q'ﬁanz )
' F4 Quavrllz
CE-10 ‘Quartz )
. F- 20 Quartz ‘ , ~
F-32 . Quaru T
) F.A-Al. ;Qu,arti v .
- FA-2 Quartz .
"FA-3 » ' Quartz .
FA 4 ‘ ,Quériz ‘ )
CFAS | Quarz LS
FA 9 Qvua'rlz ‘ +10.4 ‘ L
FA-13-V' Quanz +135 -89

FA™14 -Qhértz _ +13.4

- FA-18 7~ Quariz - 4136 . e
FA-19  Quarz N 413.6 '
FWA}-"23 ” ’IQuart'z‘ s 136 .

FAM - Quarz - #1301 -85 .
 FA-Il-Q*  Quarz, 1 413% - ‘
2 FA-13- Q Quartz 1  +,13:;0

» "FA-13 'Q\chaceous quartz schist  +11.7 y

+FA-1T . -Micaceous quam‘schxst ) fl4.1

Morning Star . (
' M-2= . "Quaru j +140

“M-¥. . Quaru ., ¥nBs. '

L M-12 Quartz - ~ : V«'? . +13 6

' MY6 , Quarz «+134 Co82 S
M9 Quartz ; L1, o L
M35 Quartz w0 +139 ‘

- MP-3 ' Quam,: & 135 ~



~ MP-6

T M-7

MP-5

M-5
M-6
M-6-Q
M-7-Q
M-7-B
M-§

© . Micaceous quartz sehist

" S

T
Quartz - . #1359
‘Quartz - +13.3

. e
Micaceous quartz fschist  +14.5

Micacedus quartz %l%t +13.0

:anar"_u‘ S Y =18

+16.7.°

Quartz ., a ﬁ:{?
Bimité;' S k950

: Chlb'rjtc' schist© 457

., 'M:8-Ch . Chlorite’ -~ . 54
M8VQ Quartz o +12.8 .
‘M-8-V-Ca -Calcite -+ 497 -9
M9 Chlorite schist  +8.3
M-10 Chlorjte - 470 .
o " Stemwinder -
L - Quartz - +13.2
._S-'.:_33 R Quarz o +l:’;.3
S8 Quarz v . +133
S-12, - Quartz . " +132 .
SP-6 . . Quarz. -  +134
| .
,// |
. /
% : !'
|
g N
5 /
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precipitation of the quartz,
| At the Morning Star depos1t four quartz
samples(M 2, M-16, M-29 and M-35) from the west vein, the

;maln ore produc1ng vein, have 6180 values from +13.4 to
14, O'per mil, Thtee .quartz samples(MP 3 through MP-6),
p1cked up from the dump and, assoc1ated w1th ‘the sulph1de

'm1nerallzat10n, have the sxm1lar 5180 values from +13.3

 to +13 9 per mil, Two quartz samples(M 3 and M- 12) from h

least vein about 100 meters east of the main entrance,‘ |

"also have s1m11ar‘%180 values between +13 3 -and +13 6 per

| rmrl. Sample M—SfVﬁQ ;s ‘a quartz:sample separated from a
small—quartz—calcite vein(S‘mm wlde) in chlorlte-schist
about 250 meters northeast of the main entrance and g1ues_

:ra 6180 value pf +12 8 per mil, Max1mum var1at1on of the"

;6180 between quartz samples is 1.2 per m1l. Accord1ng to
Clayton et al s(1972) equatlon, ‘the calculated 5180 of o
the water between +4 8 to +6.0 per mil, at the _htivﬁg”f

t

,temperature of 285° C(trapp1ng temperature)

I s

n

-Five quartz samples from Stemwinder dep051t show .
v‘1dent1cal oxygen 1sotop1c compos;t1on w1th 6180 at +13 3.

| per mll amples S T*ag§~£ 3 are from a 5 meter: wide

quartz vein aboudﬁ'-o meters northwest o£ the ma1h

W

4
entrance- S~ 8 and S- 12 are from the’ quartznVeln near the

main entrance; and Sp- 6#15 from the dump and 18&

X

assoc1ated with the mlng%a 1zat10n. The calculated 6180
,vague for the hydrothermal fluld is +4 9 per m11 -
_assuming a equilibrium temperature of 275°C(trapping

al



Ly

[ | U ¥

tem erature) 1 T S
° - : e

B The s1milar1ty of oxygen 1sotop1c compos1tlons of
dlfferent ve1ns throughout the area 1nd1cates that the
hydrothermal fluids respons1ble for the depos1t1on of the

o

quartz &nd m1neral1zatlon are genetically related to each

-other.

?

s/ \, *

NF1ve whole rock measurements made on,the
quartzrschlst g1ve the 5180 values from +11, 7 to +16 7

r mll(table 3). Two samples(FA 13 and FA—17) from _

vFairview are from within the~ore-zone and show some:

e. g., sample M- 7 comoosed ba51cally of the quartz has the

w.alteratlon(5111c1f1cat1on‘ carbon1tlzat10n and

P .
ser1c1tlzatlon) A small quartz Veln(FA 13- v) cuts

through the sample«FA 13 The other three samples(M-S,

M-6 and M-7)" from Mornlng star were collected from’.

outs1de of the ore-zone, about 150 to 200 metersﬁ?l

g
»r-p* 4

'northeast of ‘the ma1n entrance, and show no alteratlon.

The dlsggggancy of the 8180 for quartz schist is
attr1buted-to two reasons: 1) hlgher content of the ‘

quartz in the rock make's the sample hlgher 180 value, L
¥ o

’h1ghest 6180 value, 2) oxygen isotopic exchange between

P

- rocks and hydrothermal flu1ds decreases 18O of the rock

e. g.,»sample FA 13 has the lowest 8180 value, due to the
d1rect -contact w1th the quartz vein. - - ,Z
T e 5180 yalues of three chlorite- schist samples

range from +5,7 to +8.3 per mll These samples are from

250 to 500 meters east of the Morning Star ma1n sheft.

P

L - - . 1

.
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. several 5180 values of separated mineral samples

from country rocks have been analysed with the purpose of

understand1ng regional metamorphic setting. Sample M-6-Q

~and M-7FQ, the quartz separated. from quartz~schist,

| samples M-6 and M-7, have their 8180 values of +15.1 and

+16.6 per mil, respectively, uhich.are 2-3 per mil higher
than that of the vein quartz and indicate-some difference
between them A biotite sample(M 7-B) gives 5180 value of
+9. 5 per mil According to. 0'Neil et al (1975), - W |

quartsziqtrte fractionation car-be estimated from

,quartz—muscoﬁite expression"by assuming that

r : .
quartz-muscov1te~§ 0. 54Aquartz ~biotite

for muscov1te containing metamorphic rocks. In sample

M—7 the coexisting quartz and biotite have their A valuef

. of 7 1 per mil. As ,a consequence, the cabculated ,/

equ111br1um temperature is 431° +30 C, using' Bottihga et
1.'s5(1973) QUartz-water and‘muscov1te-waterfj-” A

T
-

. . S .
fractionation data(see also Friedman et al., 197"/,~ their.

figure 24). This temperature may represent’the7

metamorphic temperature. Making an approximation of 400 C

'for metamorphism, the metamorphic flu1d should have a

61§O value of about +10.4‘per mil,  using Claytoa‘ig

's(1972) equation and assuming a 6180 value of 415 per

lell for metamorphic quartz. This value is 5-6 per mil

) ~ ey . - . j‘
higher than 5180 vag&f ?f i aL fluid. ‘
Sample M- 8 Gh.; mff“hlfi ,&,Wgég separated from

the sample. M-8’ and has the 5180 value of +5.1 ber pil.

. e -
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. ;eﬂquartz(M-B-v—Q)‘and-calcite(M-B—V-Ca)’separated from

. é<gggertz-calute veln(M-B-V) .which cuts through M-8, haveif;ﬁf;

A‘\, ' ' 6180 values of +12 8 and +9 7, respectrvely. Theyoxygen.

- 1sotop1c“fractlonat1on between quartz-and calcite;here"‘
yields an'equilibrium temperature of 308°i30°c based on

. Bottindga et al.' 5(1973) data for quartz water system andsf,e"
revised O'Neil: et al. s(1969) data for calc1te water )
sfstem(see also Friedman et al., 1977, the1r f1gure 24),
-Using'the fractionation data of SUartz-chlorrte@Wenner,et

#

%al.;-1a71f, the calculated equ111br1um temperature 1s.‘ .
320°£20°C for Aquprez-chlorite = 7¢7 per mil. This ""Lf‘:f‘;
témperature is very close to'quartz-calcite temperature '
and indicates that the hydrothermal flu1d was | -
‘1sotop1cally equilibrated with the rocks it passed ThlS
may be the reason why the 5180 value of sample M- 8(+5.7 hﬁf
per mil) 1s lovwer than that of other two chlorlte schist
samples(+7.0wand +8.3 per mli) whlch may ‘more represent
the reglonal metamorphlc background
"w: S | - “The oxygen isotopic data show that\two kinds of
R ." . f1u1ds, hydrothermal and metamorphlc, exlsted in this
- | sarea in geologlcal h1story.,The temporal relat1onsh1p

beﬁueen these two flu1ds has not been well, establlshed

v .. ._._..,_.—-_.'_—‘- “

but Judg1ng m that the quartz ve1ns generall

be younge; thﬂh ¢he’mgtamorph1c flu1d f&




6. 2 2‘2 Carbon 1sotop1c nompos1t10n . ‘
| Three C02 samples of 1nclu51on flu1d two. trom
Fa1rv1ew(FA 13-V and FA 24) and one from Morning
u'hn;@h,Star(M—16), haye un1form carbon 1sotop1c compos1t10n, s;ﬁ
w1th the varaaﬁuon of 613C only 0.7 per mll(table 3).
fiTh1s further support the assumption that the hydrothermal
‘Y7" hw;g'ote formlng ﬁlulds'haye an 1dent4callor1gln in Fairview
J .'erea:-. d', ’ | B _ ) , o
‘h The'gﬁeqdualues of’-8;2—48"9 per nilffor\coz are'eb-f
i T:lJ.tt:le llghter than that. of "juvenlle" carbon, Whlch is
‘generally assumed to have the &'3c values between -4 and
‘—8 per mll(e g..; Deneis et al.,»1973; Ozima et al.,

i

1985), but heavier than that of "normal® graphite and
'tj* organlc componds, whlch usually have 613C values between
-10 and -35 per mil(Ohmoto et al., 1979). Various
:euthors(e{g.l Hoefs et al., 1979; Kreulen, 1980) have -*
o suggested three diffefent possibilities for the source 6f
CO, in the -fluids: 1) decarbonation, 2) oxidation of
.organic.metter, and, 3) juvenile CO, or homogenized
"crustal carbon, i.e., deep-seated origin. Ohmoto et
al (1979) suggested that a hydrolys1s reaction of redueed
lcarbon may be the source .of the carbon in hydrqthermal |
‘J»-flflds Slnce the llthostratlgraphy reglonally contains
.'”f7'i wtﬁd.no carbonate rock, the decarbonatxon'orlgln can be
4Tv> excluded Juvenlle carbon is 1sotop1cally heav1er than

COzlfrom inclusion fluid. Thus, if juvenile carbon is

_'invblyed,in the fluid, a certain am0unts:of'light carbon,

k)




most probably carbon from organic matter, is involved.

» NeverthelessT theemost~probable'C02 source ieAthe

* combination of oxidation and hydrolysi; of gedhced carbon
at higher teméerature. The oxidatioh reaction, C+ 0,
CO,, hroduces CO,, which has 613C similar to organic

carbon of -10 to -35 per mil, and the hydroly51s

reaction, 2C + 2H20 + CO, + CH4, heavier carbon with §13¢

of 3 to 12 Per mil heavier than organic carbon{ohmoto_et
al., 1979). The combination of the two can.tesult in a

Y carbon isotopic”cdmposftipn‘similar”to that observed in

" the Faitview atea. The existence of graphite in host
__.fccks and CH4'in fluids supports this aSsuhption.

v ' A calcite samplexr—S—V-Ca) gives a 6§13c value'of4
-9. 1 pervmil This value is slightly lighter(0.2 to 0.9
per mll) than that of inclusion flu1d CO,. The calculated
"fract1onatlon of 613C between coz gas and- ca1c1te at

© 285°C is 1.7 per mil /accordlng to Bottinga' s(13@§) data,

which 1s close to the result we have obtained from: carbon‘

isotopic study.- Th1s 1nd1cates that the calcite

‘

prec1p1tated from the hydrothermal flu1d had reached
q\

'hydrothermal act1v1ty ' }ﬁt

%



‘6 2 3 Oro F1no Camp

B .?Three quartz samples of Oro F1no deposit have a narrow
range of 6'8 from +11 8 to +12.5 per mxl(table 4) .Among
them sample O 1 1is from a 2 meters thick guartz vein and O-8

a 10 cm thick quartz veun.,Both occur near the. ma1n shaft.

Sample o- 11 is from-the waste dump and may be assoc1ated with

the oré

-Three quartz,samples from Twin Lake ‘deposit have similar
5180 values from +10.8 to +lQ.7 per'milhlalthough two of |
them(T-11 and‘T;IZ) are from a vein abogt 100 metersfaway the
main shaft and_one(T:10) from a'dﬁmp and may te associated

\ : .

‘with the ore.

+

The similarity of the oxygen 1sot0p1c comp051t1ons
betweea the quartz from Oro Fino and Twin Lake 1nd1cates that
both ore- contalnxng and barren quartz veins were orlglnated
from the same k1nd of flu1d Fluid 1nclus1on studles have
shown a formation temperature of about“330_C for these quartz
samples. UsinglClayton et al.'s equatioﬁ(197§). the
calculated 5180 values of the water are -from +4.4 to +6 3 per é
mil. These oxygen. 1sotop1c const1tuents are compatlale to

'those.from Fairview area, from +3.4 to +6.0, 1nd1cat1ng a:
‘genetic relat1onsh1p between them.-

Whole rock\oxygen 1sotop1c comp051tlons from 5 samples..
show.relat1vely scattere§ values(table 4); 5180 values of
three amphibolite samples(0-6, O-7 and T-4) from near tﬁe

_main shafts of Oro Fino and Twin Lake range_from"+1.9 to +6.7

per mil., Two ‘gneissic amphibolite(or hornblende gneiss)



“

TABLE 4. OXYGEN ISOTOPIC COMPOSITIONS OF

QUARTZ AND ROCKS FROM ORO FINO AND TWIN

L]

Y

LAKE .
Sample Mineral/Rock 510
01 " Quartz . 4 ‘+11.‘8
08 e .Quarlz +12.3°
0-1-1: ' Quart; +12.5
0-6 Amphiboliie +5.2
07 . Amphibolite " 467
0-18 Gnciss‘c amphibolite +4.4
T-1 Grieissic amphibolite +34
T4 Amphibolite +1.9
T-10 Quartz +11.8
. T-11 Quartz‘ ; -1;10.8
| T-12 " Quartz T +12.7-

68



{

69

sampleefb-18-end T-1) have the 6180\Values of +4.4 aed"+3 4
pe; mil respectively. It should be noticed that . the sample
0-18 1s from the mine dump and is’ consxdered to be more or
4~1ess related to the ore and the sample T-1 is from 300 metersf'.
away the main shaft of the Tw1n Lake dep031t If the sample

. T-4(5180 = +1.9 pe;'mll) 1s‘excluded, the 6180 values would

be quiet'close, from 43 4 to +6.7 per m11 These values are

- much lower than that’ of sch1sts of Fairview atea and also
lower than that of common metamophic rocks. Thls may be ¢
because either a 16w 6180 fluid reacted with the }ocks“br the

rocks originally .had a uncommon low &'80 value or both,

=
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7. MODEL OF THE umn:muzmxou N, ‘o
pf A compilat1on of the characteristxcs of: the hydrotbermal
fluids for Dusty Mac, Oro Fino and’ Faxrview is presented in
table 5. Two distinct fluids can. be recognized .from the
comp§r1szon of the characteristics of the flu1ds(Fxg. 23/
Fig. 24). At Dusty Mac, the fluid had an eTtremely low
salinity, low 580 values and very low Coz(contents and the
ore was ;rec1p1tated at a relatively ehallow depth. At Oro
Fino and Falrvxew the fluids were low salinity, - but had hxgh
§180. values and h1gh C02 contents, and the ore was

prec1p1tated at a relatively deep depth. Two genera1>terms,'

epithermal(DustyrMac).and mesothermal(Ore Fino and Fairviewf,

are used here to descr1be two kinds of 'gold mineralization in

the Okanagan Valley
7.1 Epithe:mel Mineralization
Numerous studies on Tertiary epithe;maf precicus and

base metal deposits(e. 9.0 Nash, '1972; O'Neil et al., 1974;

'Hayba, 1983) have shown that in this type of dep051t ﬂthe'

fluid inclusions usually have homogenization temperatures of

A /

200°-300°C, and low salinities. For example, the fluid

"involved in the formation of the Au*Ag‘veiﬁs of National -
vdistriet in Nevada were dilute, with the salinity:of 1-2 wt%

,NaCl equ1va1ent(V1rke, 1985).,The. sa11n1ty of the fluid for'

Au-Ag and base metal velns of Sunny51de in Colorado were

L 0 5-1 wt¥%*NaCl equrvalent(Casadevall et al., 1977). Isotop;c

studies show low 6180 and 5D values for this type of depos;t

g 70
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TABLE 5. SUMMARY OF THE *

CHARACTERISTICS OF HYDROTHERMAL -

e

QRE-FORMING FLUIDS IN THE OKANAGAN VALl?EY

e

Dusty Mac  Oro Fino - Fairview °

¥

Temperature ('C) =240 =330 =280

L Depth (meters) 2380 . =3600 24000

3 . .‘
fSa‘]inilf (wt®NaCl) 0.5 Coab R 4

.. 0®, content Verylow  Migh % High

s . P B

‘ 6”CCO;PDB(%°) . i o 4' : -l8~-‘9 .

y
!

e R .
‘5"QH,QSMQW(%0)\'-7-;~9‘ S FR46 0 +4-46

P . N e

. o . ¥ n
. W/R ratio g-.,.l,-)‘ S
PR _Ll »
,:"" “{ \.“ t
] : t
4 : .
i . e

. ’4’
1 o
Y “t . ’
3 [ S .
. " \
T N
Y g ’
| ‘L\' }
Y
. —
. .
L, L
»
.
- » -A‘
. - b

,
wf

’.

"‘,

L5



~ Or@ ™
* Twin Ldke

% NaCl
o
/—-—sJ

LS,

Me&& grmal

' Fairview .
‘ ‘Mormng Sray .

D Dustv Mac Epithermal L ,
N N n o T t - ] ..

v «; 0‘ _ - :
o Jiso 200 L 250 . v 350 ¢, v
o s _Ternperafure ¢ C) R

-\

*
Salinity-
-

> Flg. 23 Tempe"ature sa11n~ty rnla 1onsh1p of
the hydrothermal ore-forming’ flu1ds 1n tHe Okanagan

B

s
V-

Mesothermal

— i dve | o, —

€
4

e

Mac
h Y

“
y
S R

Dust

’kbﬁhermal_‘ 
47.. ."

Valley S o _ s

! .
a’, o
g . E
y o,

g el

© £

£ w

[ - .

® ., 2 !

U 20w e

|
.
: -

Flg

hyétotheﬁmal ore-f

Valley
L ,‘9 w ‘

STy
G L
2
e % Yo
. .
) o
PRI SN
TS H
R :

24

Oxyggn 1kotop1c compos;tlons of the
rm1ng flu1ds Ain the Okanagan

-
A
. e
v A .
) Yy
. '
@
kS s
Pl
N

-
1
3 -
-
P

-
s
&
.
. ‘e
y s
.



f~je water 1n the formation of ep1thermal depos1ts has been

.
Lk

'fr}"p;ume fracture system along the topogra i

S R - . 03

For example; O'Neil et al.(1974;'studied the isotopic
comp051tlons of sde ep1therma1 Au-Ag dep051ts 1n\terrestr1a1
LVOlcanlcs in Nevada and found. that the 6180 .and éD for the
fluld were —6 to -16 and -90. tQ —140 per mil, 'rESpectlvely
‘ All the data on fluid 1nclus1ons,and oxygen 1sgtopes

from Dusty Mac are con51st

t-with t“e chai,ptei t}tﬁ bf the f
Tertlary ep1therma1 Au Ag veln dep051ts descrxﬂ” by varxous‘*f
authors(o NEIl et al., 1974- Taylor, 1974- Hayba, 1983) |

m1nerallzat10n mode’l 1nvolv1ng the c1rculatlon of nwteorlc

,;}ﬁ»extens1vely used and can be applled to ‘the Busty Mac dep051t.

oﬁ meteorlc water flowed through the country gocks at Dusty
adac‘ I‘ﬁ Mprobébﬁgm&tathe ore- fg&mmg componen% leached

from thg rocks weﬂe transferred 1nto the water and | B
“concentr ed 1n fhe ore-jormlng flu1d A rough calculatlon‘y”
dlndlcates that only 0. 5 ppb Au needs to be removed from’ the
”‘rocks with a volume of 0. 5 km3 to account for the total jovld

“T'f’-content of “the Dsty Mac ‘deposit. . . -

v

F1gure 25 is an rdeal1zee>gross sect10n,_show1n§ the
. P ,
. proposed hydrothermal system for Dusty‘Mac deposrt An .

v ‘»1ntrusﬁve pluton 1s presumed as the heatxng seurce. Meteorlc

;vaater penetrated the volcgnlc plle th;gg;;/

from~the rocks, enr1ch1ng the water 1n ore- form1ng

4V As demostrated 1n the stable 1sotope chapt@?, a-large amount 4‘ G

NERT

- - -
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'components. Such fluid migrated upward and entered the local

v;;rmportance ot 2

4
e gold dep051ts,.hEVe been exten51vely'stud1ed The 1nvolvement

of . the meteorlc water 1n Tertlary ep1thermal\goldj:

"1came from metamorphxc dehydrat1on(e g., Kerrlch + 1983; F[fe

3 ' :
‘ and Kerrich, 1984; Grove et al., 1984) .

- A}

fault system, which. became the. dxscharge channe]l. Decreasrug &
"

:temperatures ‘of the fluld acted to decrease the solub111t1es

.
of the metals and lead to the prec1p1tatlon of ore m1nerals.

The w1despread chlorltlzatlon and occa51onal appearance of'

kaollnlte 1nd1cate a relat1ve1y ac1d pH envxronment for e

a

S
mlnerallzat1on. Such ‘a meteorlc model is not new. Many

&

previous studles(e g.,Taylor, 1974 1979)' on then tiary =
. L EER
-Au-Ag depos1ts'&n west Unlted States have shown the' o

e bR T Eha .

kDusty Mac 1s a

thise lass of dep051ts.

SR T C T S
7 2. Mesothermal M1nera11zat1on . ®

M Two generally recognlzed types of loﬁe gold deposits ~

' the Tert1ary eplthermal gold dep051t and the Archean 1ode

o

%

O

mlnerallzatlon(Taylor, 1974 1979 O'Neil et al., 1974),
)

| dlscussed above’ have been we 1 establlshed As for Archean

'1ode gold mlneralizatlon, mosn agg;ors hpld the po1nt of v1ew

that the hydrothermal fluids resp051b1e for m1nerallzations

B Kerr1ch and Fyfe(1981) stud1ed Archean greenstone lode

rd

gold dep051ts in Ye110wkn1fe, Forthwest Terr1tory, and ‘Q‘

"‘concluded that the C02 rich, high 5180(6180 = +8 +9 per mll)

\ ) '(.'.‘» e ST .‘ ) .
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'asa11n1t1es(les§ han 2 wt% NaCl equ1valent) T

- gold velns in greenschlst fadles to ks in Nové SCOCIa. The

‘ .ﬁ:“ i i

ore-forming~fluid was metamo;phic in origin and th’
the origin of the.COq to decarbonatlon of the carbonate wall
rocks. WOrk by Kerr1ch and has colleagues(Kerrlch and Hodder,
1982; Kerrlch 1983; -Kerrich and Watson, 1984, Fyfe -and

&)

Kerrich 1984) on ArcHedn greenstone loda gold deposlts 1n,-.

';ngfrxor Prov1nce nave shown that the hydrothermal f1u1dsm
uresponsxble for.gold nuneral!tlon had a temperatur:.e of -

: 320° 48§”C 6180 values of +8- 11 per m11 and 6b values of

-50‘45 per %Sl /w1th high- C02 contents and low

N o

' con51dered¢the flu#ds to be th pﬁbducts of dehydra 1on '

dur1ng metamﬁ}phlsm Var1oys wogkers on Archean greenstone

*lode,g 14 deposits rn;westevﬁ Austral;a ahue t hl.q 1983;
: Q¢ > est : ‘s S

)

.Phﬁllips‘et_al,; 1983, 1984; Groves et al., 1984) have show A?,hh
&

similar pfoperéiesYT“ 300°+50 C, 6180 = +1, 5+2 permmll

- ascribed

C02-r1ch and low sallnlty) for hydrothérmal fluids and the {@ _

,authors also ascrlbe a metamorph;c or1g1n to them

Some }ode gold dep051ts occurr1ng in Paleozoic or S ®

J L

, .
Mesoyozc metamorpnlo\rocks show 51mllar characterlstics to :

the Archeanglogde gold Graves et al. (1982) reportéd a

-

Coz—rich I1n1ty flu1d of metamorph1c or1g1n for the
famous=Mother Lode system of Cal1foin1a is a. serles of ve1n

Tgold deposé%s occurr1ng in low to 1ntermed1ate grade
TR 3

y m!.lmorphlc rocks Var1ous korks(Radtke et al., 1980; -

r

~Bohlke et al., 1986) have~shown thatdthe flnidSqwere ,
. e ) . ) . .E ' " . c, . . : 'aq

S S R .

g ) : ] : S .
B R R ) o . [
N . o

- Ma;phall et al.,-1980 Raymond 1981;;We1r'et al.,,1984{UA fe“”
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CO,- rkfh with 8180 = +8-+16, D = -50--80 and 6‘3c - f;~—4
\ per: m11 .The authqgs also. consxdered the fluids to have<bnhn
der1ved from meta rpthm but Mashall et al. (19861\i;:wed

that the;glu1d contalned mantle- derlved CO, and som
2 . R #

d

teoric

Ly Amat1on'of th}s type of depos1ts, not -

-

respon51ble for thg

LY

Archean*lode gold may be the same pattern.
. .
1ew and Oro F1no show that

\

' ?rthe metamorph1c flu1d *\and they suggest that the flu1ds for
~

The present study on Fai

these deposits are 51m1lar in’ many aspects to the Archean anj

\.t:j ’,'JMother Lode gold dep051§s. g;;;en ;Eotope data 1ndlcate ‘that

. ‘variations of the 6180 values for hydrothermal Eluids at
%% mﬁé?nrvzew and oro’, Fino are from +3.4 to +6 3 per m11 ylth

';Lf7 - most of the values around +5 per m11 This number 1s“at th%

) lower 11m1t of the metamorphlc flu1d(Taylor 1974, 1979) and Q.
Y =may glve rlﬁs,to arguement for 1ts or191n. We have A ”‘1_‘ . Vt

| demonstnated that the metamorph1c f1u1d is. 1sotop1cally

-

v‘f.f_f' ’dgffergik from tﬂe hydrothermal flu1d ‘in_this area, thus ‘two

f1u1ds should orlglnate from dlfferent sources. Isotop1c - -
exchange between country rocks. and other waters(sea water or | »*5

meteorlc water) may redult in a 5180 value o£ +5 per m1l for;'

S A o A,":a‘e;'

; o the hydroihermal fluld For example, conszder a meteorlc,a,;@fﬁgn

N LB ey
- e I . . . . g
e KSR o - Ao - -
- 9 [ ! R 0 e L .
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'water havxng a 6180 value of -13 per m11 iM“contact w1th a’

e
", n

schist hav;ng a. 6180 value of +m5 per m11 The oalculated
6180 value for ‘the fluid cbuld vary between mhe of*ﬁlnat 4L3f

. T “, Y " P )

and 44, 5 per m11, at the water rock ratlo(W/R)eo @ ané ‘sfi“-*

o,

temperature of 300°% dependlng on the degree of 1sotop1c ,,Afv

. equ111brat1pn between the two. S1nce all: geologlcal data

‘#“env1ronment, sea water: seems-

, okm water) as the temperature of. the f1u1d decrease from .

;best explaly the large amounts of fluid 1nveivedf1n ore .

31nd1cate that .the m1nera11zatlon occurred 1n a terrestr1a1

4

4

Qimportant. The most p0551b1e

source of the hydrothermal 3id 1s metepric water. As

1nd1cathd by the fluld 1nclwﬂ’oﬁ studles, the fLu1ds ascended .

from at- least 3-4 he %elow the surface at a relatlvely hlgh
e A |
temperature. Assumlng a ,meteoric orlgln, iie water could

»effecg?vely exehange its &sotoplc cqmpos; on’ bzth the rocks'
e gassed through and gaxn,a h1gher 6180 value. Nesbltt et

al. (1n press) have p01nted out that the meteoric model Jean
g

‘formatLon proceéss. If all the vein quartz wva® prec1pitated

“from the hydro!hermal\jlu1d,!a spmple calculation’can give an ,,'

estlmate of the volume of the water. 1nvolved. At Fairview

‘{ﬁ%

(ileast 200x200xs m3(str1kexd1pxth1ckness) ‘%he solub1l1ty of o
b

S102 1n water is a functlon of temperature and R ' &
pressure(Kennedy, 1950- and others, see Hollandoet al.,

‘1979) Calculat1on shows that the reéﬁired water\for
e,

formatlon of suth quartz vein should»be 0. 6x109 tonnes(o 6

A

400 C to 300 C assumlng the solub111ty of the 5102 in water

! ' hi?'.
} - T ow
. v S .

N pe
-~ . . b}
) .

"
1deposzt the ma1n ore: contalnlng vein: has the d1mens1on of at-

Y

C e

=3

Sl
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is 0.18 wtx at 400°C and 1 kb an((x U'?mx at 300°C and 1
\ N kb(Rgnnedy, 1950) and a spec1f1c graytty of - 2,5 for quartz.
B .;u:.1=~

o It is 1nterest1ng tﬂat thxs number is comparable w1th that we

Al have obtained from‘oxygen isotope study for Dusty Mac.,’

Conalder1ng that many quartz velns exzst«in this area, the

Eéﬁégggmﬁ. 9i%ﬁe«°f water 1nvolved in their deposxtlon.must be
Sy “':“m;’

'ff¢3;ﬂ con51derab1y larger than the volume éalculated here. Since -

? the mlnerallzatlon happened at a dedp'le%sl$31pekm%w.theaﬂ

a water must be attlve at even deeper level fhe exten51onal
?' ~13

- fault system(TempelmQ.rKLult et al., 1986) in Okanagan area

o could be excellent channel(s) for descending’ meteor1c water.'

>

: ‘shows an idealized mlnerallzatlon sedtlon. T e

Mc water penetrated the.rqcks at relatively shallow

level and descended dewnward.fellowing'the norma

fault(s),
* then moved.along the. gtnﬁle d1pp1ng detachment m

,lzone(Tempelman Kluit et al.,'1986) towards" the west. The
¥ N heated and m1nerallzed water then ascended along the O.

- tensional faults and de9051ted the: ore at favourable BN~ S
. :“.‘ ’ .t ‘ -

S locat1ons. Assum1ng the detachment zone extends 20 km~
o

;h»rlzontally, w1th the d1pp1ng angle of 15°, at the west end

N ‘A; R ‘.

.43ﬂ. - the vertlcal dlstance between the detachment and the surface

L

N s should be, 5-6 km, The estlmate that the m1nerarlzat1oh of
| L Fa1rv1ew and. Oro Fino occurred at a depth of 3- 4 km seems to
) \ L

B 84 th1s‘quel.-Avquesg}on remalns as to the source of heat.

If;the}hater was heated by nosmal thermal gradient(30°C/km);

at ‘5-6 km depth, emperature'would be 150-180°C, which is
'mUCh'lewer than the temperature from fluid inclusign’studies.

(]
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: Mgthews,k19§1) have descrlbed a thermal event in Okanagan

yifault sys;ems existing to the west of the Okanagan Valle"rnd

81

Nevertheless, various authors(Ross, 1974; Medford, 1975;

¢ .

LA

area in Edcence. Mathews(1981) estlmated that the thermal
*grad1ent was 374100 C/km at the t1me. Iq tHxs is valid, the

‘water would ‘be suff1c1ently hot at the requxred depth \

Hi’ever, it is critical for this model that hydrothermal W

w

act1v1ty(or mlnerallzat1on) should have an age of Tertiary to e

RE TN

coincide with the fault system and the thermal event.

. Unfortunately, age-dating for mineralizatidhlhas not been .

available at®the time of writing. Even though, we bqliéveﬂ;he'hyg

effectiVeheés_of the model, ‘since it is copsistent ,with ‘the’ >

. @ .
data obtained from fluid inclusion and stable isotope work
- ’ ¢
‘Ln this model, the fluids flowed From east to west along
%
the detachment zone. Another possibility of deep c1rculat1on

of meteoric water;is that,the fluids flowed from west to

eest(Fig.\2637? This needs eQen’deeper penetration of the

P

water and the effectiveness of this model is hard to

evaluage, because nO/da}a are dVallable to show such deep

. ' .

whether the water can despend to such a depth is N .

guestionable. : - g -

‘f“ . il . . » . . ' .
. In Tempelman—Klu1t's(1%84) model(Fig. 26C), the ore was PRIV

deposited at a shallow level, which id irnconsistent with the

observations in fhis’study.

Data for other phys1cochem1cal parameters such as pH

Iy

Eh, are not as easily determxned however, some estlmatés can |

LI
24

be;made from the m1neral~&ssemblages. . £ J
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"' pyrite- pyrrhotlte llné can be used as lower 11mut for fo of

"line can

E

® 7 ST Ce B

Lxmits on the pH of the £Ju1d can be determxned us1ng

the followlng reactions: -
: 3KA18i303 + 2H* 2 KA138i3019(OH), + 2K* + 68i0, .

. 2xA13513o,0(0HAQ + 2H' + 3Hy0 2 3A125i205(0H)4 + 2K°
At Fairview and Morn1ng Star, deposits, sericite occurs as an
alteration m1neral, neither KLfeldspar nor kaollnxté‘has been
found*as a §f1n related mzneral Assum1ng the activity ‘of the
K (ak ) of the fluid was 10-? (assumxng the sa11n1ty of the
f1u1d 1& 4 wt¥ NaCl, K* /Na = 0 1, and I =0. Zﬁgéthe ag can'

be est1mated as 0.01 mol/kg ﬂzc), at 300 C, the stabxllty of

the ser;c1te sets the pH range ftm’ 5.9(Fig. 2'7),
' _comparied w;th the'neugﬁal pH of -5. )00”. Chanﬁe'di“thé‘ <7

.

ag- by 10 times may result in the sh1%§)of pH!by one, gg1t. $
. ’ . wn“» Amw?"

The following reactions:
SCUF852 + 52 2 Cu5Fe84 + 4F852 N
<

. FeS + 1/2S, 2 FeS, | ‘ /
\> 2HyS + O, 2 2H0 + S,

can be used for calculation of the 11m1ts on fO of the

flu1d QMlneralog1Cal studies show that pyrite is abundant ‘and
pyrrhotite is rare in the ore assemblage, thus o
& o

,’h

¥

. the flu1d At the same t1me born1te+pyr1te - chalcopyrlte
. ‘ ®

vy

}ed as upper limit fpr fo of the fluid, due to  °

.

®
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log fo, value of -27.6 is higher than the etahilitih
reduced sulfur and hence the reaction canhot ocgur. ﬁﬁ

The lack of sulfate in the: ore asaemblages in;il?
that sulfur species in\ﬁluxds was reduced sultur.iTy'

the equilibium curves between sulfate“and sulphidw°
T oo o g
. " can be used as a limit of the fq '. Figure 27 show

fo, limits for H,S are -29.3(pH=3)--32.3(pH=8) at 300°cC.

:wThese 11m1ts, togethbr with bornxte+pyr1te --cha1c0pyr1tev‘.

lzne, form the upper l1mxt of fo for the f1u1ds. ~ 3f- : T
[ C ' . g e
N q;,% Accordxng to above consxderatlons, the dotted area in" '

»t
i‘;ure 27 is referred to be ?he preferredbregaon for ore

ﬂ depos1t10n. [ s
»
‘Y w rn flu1d 1nclu51on studles, we have demonsﬁrated that
TE A the fi‘uids were efferveaclng vhen the vein materzalqo

-

prec1p1tated in Fa1rv1ew area. Ae a consequence, loss of C02

fm the gluid could increas g pH. ‘As shown in figure 27,

1ﬁETease pH by one unlt, the solub111ty of AuClz‘ decreases
80 90%. At the same txme, the solubid1ty of Au(HS)z .

1ncrea8es approx1mately by the same amount. At the. pH ;ange -
]

: ‘
R of 4.7-5.9 ard log to of =27 =-37, the domlnant gold species

-

nfﬁfig"f may be e1the: AuClz or Au(Hs)z or both(F1g. 27) depend1ng

‘r"

on “the ect1vxtzesﬁ$f§¢1;“anﬂ the‘fﬁtal reduced sﬁifur.,Thus}

-e

5 N efﬁervescence qﬁ Céé may or may not be an 1mportant factor 1n
pl prec1p1tat1on of the gold. However the facts ‘that the £1u1d ’
shOﬁS'nO effervescenCe .in Oro Fino and ‘the m1nerallzat1Ol

happened over a cons1derable vertlcal dlstance indicate that
\
other factors are probably in controlllng ‘the ptec1p1tat1on

» R
A

“'-".‘- ':0‘ .,:’ - “ég ID I
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of the gold. For example, temperatune is a Very xmportant v,
N ‘;'contfollxng factor. According tojﬁeward(1984). temperature} _‘l
A decrease from 350 C to. 300° C(the~situation whxch is similar .
to that of Fairview and Oro Fimo),. the solubxlitxes of bo:h‘ -’“
S Au(HS)," and AuClz' debrease by 80-90%. As shown in Figure
" 27, the solubzlxty of Au(HS)2 drastically decreases(about 2
| orders of magnxtude), as the total reduced sulfur . decrease&
- from 0 05m to~0 OOIm.‘This may imply that decrease 'of total .
”“reduced sulfur is another 1mportant fachr in controlling the e
gold depos1t10n. The - mechan1sm of decrea51ng tolal reduced
’sulfur can, be related to the préexpxtatxon of . s#lphidee. Thxs , ,¥§k“
oan well expla1n why the gold usually relates to late stage .
sulph1des(ga1ena and sphalerxte), ot pyr1te oﬁ early S
stage(see mijmerazation chapter). The fact that the sa11n1ty/

. - of the fluxds were low 1nd1cates that the total chlor1de i

flu1ds was very low. Consquently, the most probable domxn nt o

gold spQC1es is Au(HS)z‘ and the ma1n contgoll1ng factors'xn nf /

the total reduced sulfun due to the preclp1tat10n ofa/ .’f'i o

sulphrdes.h-’ f R " T fiﬂ///’ - ‘/\/
7 L. R N S e SR \ |
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L § '8. CONCLUSIONS AND FUTURE WORK
. The gold dep051ts in Okanagan valley can be d1v1ded into

two groups~ epltheEFal deposits represented bnyusgy Mac and

_.meSOthermal dep051ts represented by Fairview and Ooro F1no.

' Two dxst1nct m1neral1zat1on mechanlsmf shallow c1rcu1atzon

-

--and deep carculatlon of the meteoric watkr, ‘were responsvble

for the tormatloh of the two groups of gold dep051ts. A

»detalled study of flu1d ‘inclusions and.stable 1sotop1c
"comp051t1ons of the m1nerals And rocks has shown that ‘the

. |
: abqye assumptlons are, valld Nevertheless, 1n-sp1te of-these

“%onclusions, some problems still exist:

~(1). The temporal relatlonshlp between hydrothermal
. I o * i . .

"mineraliZation:and'metamorﬂhism'has not been well

-establlshed Most of the data obtalned frompthe stud1es of

the flu1d 1nclu51ons and stable 1sotopes can- be explalned

4;e1ther by deep @1rculat10n of the meteor1c water or ascendlng

of the metamorphlc water or the m1x1ng of ‘the - tWO._The oxygen
1sotope study has demostr_%ed the 1sotop1c d1fference between

these two flu1ds. If we can prove ‘a. dlfference 1n

'ages(presumbly a Jura351c age for metamorph1sm and a Tert1ary

Vf‘page for m1nerallzat10n) the dlstlnctlon between the two

‘events would be more apparent

<

.( ). The lack of hydrogen isotope data compllcates the_

testlng o? the meteorlc water the%ry 1t is belleved that - the

8D values of the flu1ds w1ll be falrly low to fit the

{
meteorlc 5180 -6D relatlonshlp However, the analytlcal

_results_for 8D have,not been obtagned to date.,

86
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¥(3) The est1mat1on of the depth df mlnerallzat1on is j
st1ll questlonable. ‘As dlgcussed before for H,0- COZ—NaCl
system, at the temperatures of 1nterést(200°~350 c), s;lght
"changes of the temperature and sa11n1ty can drast1cally Sh:££‘
the 1mmlsc1b111ty curve. ThlS would 1nfluence the pressure -
est1mate. Slnce all the\temperature and sa11n1ty data were'
from stat1st1cs of the flu1d 1nclus1on study, errors are
inevitablé - this may create problems in: pressure estlmatlon.Lt
Unfortunately, at the state dt art this problem still cannot

;o .
, be solved satlsfactorlly / '{
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APPENDIX‘ SAMPLE LOCATIONS
1. Fa1rv1ew depos1t ' . o ‘ ,
- F-7-F- 9 quartz schrst from near the‘ehtrance of the -
Cadit. Co
Y FP-10-F-123: quartz, from a. quartz vein about 50m
" northeast of the adit. ‘ ‘
F-=20-F-22: quartz, from a’ quartz vein about 150m
southeast of the adit.
F-32: quartz,,from a quartz ve1n about 300m northwest of
~ the adit. :
a Others: see map "Fa1rv1ew 3400F plan and sample
locations". N S
2 Morn1ng Star. dep051t ‘
- “MP-1-MP-12: -quartz, from waste dump.
Others.’see map "Sampllng locat1ons of Mornlng Star
dep051t" — . .
3. Stemwlnder deposit ST :
S-1-S-5:, quartz, from a quartz vein ‘about 100m northwest
of the shaft. o ' . : ‘
v - §-6-8-7: quartz- SChlSt same location as S=1-5-5.
© §-8-§-13:.quartz and quartz schist, from near the shaft.f
SP-1-SP-6: quartz, from waste dump. S ~ .
4 Oro Fino deposit :
0-1-0-3: quartz, from near the shaft.

o

. 0-4-0-7: ampb;bolite,]fr'm neat the shaft.
0-8-0-9: gyartz, from the entrance of the shaft.
-~ - 0-10-0-18: quartz, amphlbollte and gneiss, from waste
dump. :

‘5. Twin Lake deposit. . _ o
’ : T 13 qne1551c amphlbollte, from abOut 300m~north of the
j1f1ed gnelss, from‘about 100m west of ‘the

3 T-3- T TON quartz, amphlbollte and gnelss, from waste
ump-: " '
T P-11-T- 12 quartz, from quaitz velns about 50m east.of
the shaft. - : : »
6. ‘Dusty- Mac’ dep051t
N D-3-D-18 and D-28-D- 29- quartz and host rocks, w1th1n
open: p1t. .
e . D-19-D- 24 quartz, from»abou@hﬂkm northwest of the open
pit. f
.+ DA- 1 DA 9-‘country rocks, from 300 800m east of the open
pti,' t . .
- DB- 10 DB- 24. country rocks, from 200- 800m west of . the q
open pit. S . ~ . : ‘

[
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