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‘  ABSTRACT

.
.

' The Renabie area, located 80 km northeast of Wawa, Ontario, is

k]

underlain by Archean mafic and felsic metavolcaniC'rocks of- the

1l

northeastern-end of the Wawa greenstone'belt . The metavolcanlc
rocks are 1ntruded on the east bybthe M1351na1b1 Lake
Bathollth .an Archean tronthemlhe and éonallte body. The
greenstone sequence experienced metamgrp ism to the lower
amphlbollte facies, perhaps coeval w1th the emplacement of ‘the
bathollth. This was followed by partlal getrogres51on of the(‘
bathollth and the adjacent amph1bol1tes ‘to ‘the greenschlst
facies during subsequent regional metamorphlsm, invdl&lng a.

-

‘carbon-dioxide hydrothermal fluid.

f The Renabie Mine and Ehe_adjacent Braminco'properties have
gold~, sulphide-; tellurldeébearing dpartzemusqoﬁite—carhonahe
veins-in the marginal phase of ‘the batholith~and'in.the:
adjacent greensrones, within 500 m of the‘intrusive conpaet;'
Wallrocks to these velns are mod1f1ed (retrograded) byi
reactions with the gold- bear1ng hydrothermal flu1ds 1hvolvinp'
,add1t1on of K, Hp0, COy, Rb, Ba,_and Ieachlng.of Naf g
’.resultlng in pervasive development of muscov1te and carbonate‘

at the expense of SOdlC plagloclase.
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' . . i .
Wallrock alterat1on ‘mineral assemblages.are indistinguishable’’

frdm those produced by regional greensehist'{retrogressive)
- - . . . . ’ ’ '
metamorphlsm. : i

4 - ) .
4. .o . .

»

. e - o ‘
lrock ralteration’and vein  filling were concomitant with gold

concentration und%rvconditions‘oﬁ greenschist metamorphism:at
. - . . N s ., A . . . 3 . ) . '\0’ .

temperatures of T=300°C to 470°C and maximum pressures of

. P=2-3 kb, at depths of 8~10, km.
.. ) . 4
. - .

¥

' Hydrpthermal solutlons formlng the Renable dep051t and the

.adjacent gold bearlng veins were h1gh temperature ascendlng
'aqueous flulds'of metamorph1c orlgln, posse551ng overall low
t sallnltles, probably 1ow pH, hlgh 1n1t1al K/Na ratlos, and
contalnlng 51gn1flcant quantltltes of ‘COy» along w1th
molecular hydrogen (Hz) _ " , - S

An almost pure carbon dlox1de flu1d with little water'was

trapped in type II 1nclu51ons in the ‘vein quartz, repreeenting'

an early fluigd- phase which was probably later‘depleted in coé
'throogh.its fixation in altered wallrock- and vein-filling
carbbnatee}‘giVino rise to C02-H20 solutions with

_approxlmately 20 vol. 2 C02 and corresponding to those trapped

in type 1 1nclu51ons.-
\- e
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r 9
A drop in thevtemperature of the minefalisihg ‘fluid and
wallrock‘reactions,'inyolving fixation of hydrothermal Cop ipn.

alteration carbonates was important in the cqpcentfation of

" gold in the quarfz—muscovite¢carbonate veins of the Renabie

Mine area,

‘l‘,b_ e
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. INTRODUCTION

1.1 General Statement’

The Renable area of northern Ontarlo is underlaln by ‘mafic

-and minor fe131c volcanlc rocks of Archean age that form .

the ngrtheastern end of the Wawa greenstone belt (Goodw1n,

1962) in the Superlor Prov1nce of the- Canadlan Shleld.; The

volcanlc rocks are 1ntruded on- the east by an Archean

'trondhjemlte and tonallte bathollth. The dep051ts at the

Renable mlne, and ad301n15¢\propert1es, are

;gold tellurlde pyrlte quartz velns, pods and. lenses

transectlng the marglnal phase of the bathollth and the

-metavolcanlc rocks.

e

The objectives'of this'stddyfare:'

i{

l) to dlscuss the nature of the hydrothermal flu1ds

~respon51ble for formatlon of gold- bearlng quartz veins .

and for alteratlon of adjacent wall rocks,lln the

.Renable mlne area, R . SR . ~\\;\
Co ~ oo . . o - ~

i

t.-.___/
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*

2L toA&escribé'the mineralization and hydrotherhal
. alteration conditions;
» .

3) to propose a mechanism for gpldudepositioﬁ in the.

L}

‘- Renabie mine area.

Many 'of the gold deposits in greenst@ne belts of the

Canadian Shield océur within or near felsic intrusive

bodies of'Archéaﬁ'aée (Eolviné and Marmont{'19813 Kerrich
 ‘ét'ql.,.l980;-Studemeistér[ i983). . Thé Renabie area gold

erpéits offer a géod_bpportuﬁity ko-stﬁdy this type §f.
:ﬁreciéué metal OECergnce. .

[

1.2 Location and Access

‘
Thé‘Reﬁqbie mine is;locatéd about 220 km porth'oE_Saglt

Sté. Marie'anijO km hofthéast of Wawa,.in Leesén Townshiblu
Dist;iét of Sudbury; Ontario; tﬁe adjacent Bréminéq-. 
pfospécﬁs} ﬁg’thé south;,inqlhde'claims stfaddligg.boundaffl

Hlihes'bétween téeéon,‘Rennie,.Stpver &nd Brécgin fownships
and'bohndaries'bépﬁeenvfﬁe Sudbury' and AlgOmaubis;ricﬁé-
(Figuké'lT. Accéss'isﬁby ﬁaved-réadff;om Wawa, 65 kﬁheést’
“on highway 651 tolﬁissahqbie; £heﬁﬁ20 km‘east_on a:gﬁavei'

road.’

e




*oTIR}IUD ~wun£@sm JO 3IO0TaAISTJ Jmﬁﬂmczoa uosasT

‘QuUTH BTQRUDY SY3 O3 S9INOI SSOOO® pPUR UOTIRDOT © T @anbtg
m. dVIW Y dVW
WOoJNH #X¥ —
Q.fJ\TllllAA [ 4N '
°

HIAOLS
oy

18A0)18
=~

ST TEER

rx¢4
SuUUeY

3INNIH

/wa >mnmmw.

v
- C— i —




AN

1.3 Economic History -

QS

A gold-bearing quartz vein that was discovered in August
1939 near the Missanabie Station developed into the Renabie
Mine (Bruce, 1944). 1In 1940, Macassa Mines Limited

. \ :

conducted a diamond drilling programme on the original

discovery (Ferguson, 1968a). f/j

[
r

[
“Renabie Mines Limited, subsidiary\of Madassa Mines

,Liﬁited, was incorporated in 1941 te/undertake further
development. Operations-—were suspended in the spring of

'~1942 because of wartime ‘conditions énd prgduction was
.resumed in 1946ﬂyith the constru;tion of the Renabie No. 2
shaft. The mine was in continuous production, under the
ownership of Willroy Mines Limited: from July y947.to July
1970. Beﬁween 1941 and 1970 the proéerty was develaped by
two shafté{ the deepest of which (No. 2) was sunk to 1039 m
(3,465 ft) with 20 levels. The mine produced. 23,730 kg of
gold and 788.8 kg of silver. between 1947 and 1970, thé

# ’ .
average grade of qilled ore was 5.93 g/t gold (Ferguson,

1968a).

The upsu;%y in the price of gold in the 1970s renewed
interest by the new owner, Rengold Mines, and the company
financed the reopening of the mine (Northern Miner, 1978),

Rengold Mines went bankrupt in 1978 and in July 1979, the




. . b . : . .
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Succeeéing owner, Sungate Resources, thfohéh‘sﬁgsidiary'r.

.heﬁébie Mines (1981), estimated a cost Af $3.5.miilioﬁ to

bring the prdpgrty jntb production-(Northern'Miﬁé:,'i979).1

In 1980-81 the-m@ne was dewéteted ahd réhabiii;ated;faﬁdf _
production_waé‘resumed'at 550 tonnes per day by Agril 1982 . .-T\‘\;;

Y .

{Canadian Mines Handboak, 1983—84, p. 327).

In_éaqu 1983> Renabie Mines (1981?Fcoﬁdacted qﬁ
underground diamond drilling prégrém. bn the bagié éf this
progrém (Northern Minér, l983),-the-épmpéq§ estimated about
1,621,065 tonnes of‘ore aveéaging 5.6 é/t:gold,'pepreséh—_ |
ting a 60% improvement in reserves since the end of 1982,
Because of this expansion of reserves, changes to the
miiling plént were planned tq“enab;e production‘qf sgmé_
1060 kg.of gold in 1983. At present, the Renabie Mines

(1981) operate under the ownership of Campbell Resources -

Incorporated.

Braminco-mihes Limipedf_which was inco;pofated in 1946,
"OWHS a block of 20 claims adjoining the Renabie- property to
£he sopth,'incigging éhe Brgminco 2%, the Campbell, and
three other gold—bééfing veins; Thé compan§ }eported
ld0,000fténneé of ore‘aQeragiﬁg,4.2'g/;_gold.in tﬁe No. 21
véin and‘ﬁ3,400 éonneS'aﬁeraging 3.64 g/t ‘gold in the No. 7
Qein (CanadianiMines Hahdbodk} 1948,'p.'32)ﬂ 'in late 1983,

the'combahy planned. tq bring the Braminco gold properties -



" into full-scale production (Northern Miner,. 1983).

v’

1.4 Previous Work

Burwash in 1934 made -a general geclogical survey ét the

| eagt'end;of the Wawa belt and published a compilation map

§f.the “Loghélsh—miss;naibiJ area (Burwash, 1937), that
inciudéd‘the'firsp geologic.dégcrippion of three Townships
east of Renabie. In 1941, Bruce (1944) desérib?d the
Renabie and ;djoiﬁing properties ia his geological répért
on the Rennie—Leesqn areé. A summary of this same first
description of‘tﬁe Renabie mine'was later published in tﬁé

CIM's "Structural Geodlogy of Canadian Ore Depdgits" (Bruce,

+.

1948).

-

The gold deposits of the Renabie area were subsequently
described by Frbhberéi(l948), who added mbre data to

Bruce's pioneer work. A geologic description of the

Renabie mine and the surrounding prdpprties can be found in

the marginal notes on 0.D.M. Map No. P. 492 (Ferguson,

1968a).

p

‘The general geology immediately east and south of the

Renabie area has been described by the Ontario Geological

Survey (Riley, 19717 Bennett, 1978). . y

T
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1 1.5 Methiods of Research

L]

Field work -was carried out in May 198i and 1952. In totél,
foufnweeks_were spen;uin ge?eral.geological reconnaissance
and'sample cbllebting from the:Renahie Mine at the surface
("C" zone) and qugrgfound (914 m (3,100 ft), 458 m (1250
ft) levels); froﬁ’the(graminco 21 and the Campbell gold
QQartz veins; :

a7d from an area of épproximately 3km2 that

crosses the "gr%pite“ ~ greenstone conkact.

—_—

N

‘Grab samples were gollected from the dumps at the Renabie

No. 2 shaft.and the abandoned Dulama shaft. The O0.D.M.

Preliminary Geolggical Map No. P. 452 (Ferguson, 1968a), as

.well as mine devellopment Jevel plans, were used as basemaps
-3

during sample collecting. A tota% of 130 samples were
collected ffom cou try rocks, alteration halos and gold-
beariﬁg and barren quértz vefﬁghbir petrological, chemi;al,
and ore investigations. Samples near veins were collected
aiong traverses perpendicular to the veins. Sample |

location maps may be found ‘in Appendix 1.

One hundred thin sections and fifteen polished thin
sections were cut from selected samples to be invescﬁgated

with petrographic and reflecting microscopes. Fifty of

these samples were selected for whole rock X-ray

diffraction study. The relative abundance of primary

T



minerals and their altefation products was determined by
_measq;ing-peak_intensities on X~-ray diffraction charts..
lThe telIuride mineralogy of tﬁfee specimens was
-iﬁvestigéted by\electron microprobe, at the Geological

_Sdrvey of Canada, by Dr. D.C. Harris.

~

.

Wholé‘rock=chemical analyses (Appendix 2,3) for major and
minor elements were done by X-ray fluorescence
spectroscopy, on 85 fresh, fist-size repre;entative

c- specimens.' Sémple location for all analyses listed in
Appendices 2 and 3 with ﬁhe prefix RN can be found in
Appendix 1. Determinations of the major aﬁd‘minor'element
composition of a specimen involved preparing a fusién disk
"containing 1.5 gms of rock powder, 4.5 gms of Li;B,04

and 0.5 gms of LiCO3, and analyzing the disk with an
"automated Phillipé 1410 XRF spectrometef using a Cr tube.
The raw analYtical data was processed by computer, adopting
alpha ‘coefficients of De Jong}i‘ (1973).- The major element

composition is reported as oxides.

Based on replicate determinations and the results on.the
international rock standard SY-2 (Abbey, 1977}, the

.preciéion of¥2nalytical results is as folldws: SiO,,
Al,03, Fey04 (total), K50: *2%; TiO, :':t3%

Na,0, MgO, Ca0 : T 4g; P50g: MnO, :.i'lo%; Ba, Sr : +

(concentration range of 240ppm); 9r + £ 15% {range of 50



%,

to 506 ppm); Rb, 2n : + 50% krange of 20 to 40 ppm);,Cr; Niv
T 100% (range of <30 ppm)f Y : X100 (range of ~§20'pém).
Loss on ignitign (L.0.I,) determinations yeré conducted on
separate alidﬁots from XRF fusions and they fepresépt-
volatiles (wt%) lost on ignition at 1000°C uncorrected for

- N o
oxidation of iron (Fe *2) as’ well as S2~ and, Mn2t

A

Fluid inclusion studies were conducted using a commercially
available LINKAM TH 600 microthermometrié system (Shepatd;
1981) (Appendix 4). The redox state of iron for twenty
sémples were determined using the-modified Wilson (1955)
method {(Reichen and Fahey, 1562) (AppendikIS). .For}rocks,
‘ahgl}zed as to the gédox state of ‘theik contained iron and
bearing‘more thanlS% byrite; totai iron -was détérm}ned by
Atomic Absorption Spectroscopy. lThe oxygeﬁ isotopé
composition of‘sewen vein quartz separates Qére dete;mined'

by Geochron ‘Laboratories.
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" CHAPTER 2

GEOLOGY OF THE RENABIE AREA

Y

The Renabie area is at the easternmost end of the Wawa

2.1 General Statement

-

1

‘Greenstone belt (Goodwih, 1962) ~The Wawa belt, an

east- west trendlng succession of three volcanlc cycles
(Goodw1n, 1962; Attoh, 1980), is located in the Lake:

Superlor reglon of Ontarlo (Flgure 2) . The lowermost cyc}e

is composed of maflc to intermediate flows which grade

upwards into felsxc pyroclastic rocks and 1is conformably

‘capped by'AIgoma—type iron¥fdrmatioh. The middle cycle,_

composed of mafic and fe151c pyroclactlc flows is

uncomformably‘overlaln;by c%astlc metasedimentary rocks of

* the Dord group. The uppermdet cycle consists of mafic' to

intermediate flows with minof pyrdclestic rocks. The
volcanic rocks are of the basalt ande51te rhyollte ;.
association and the -clastic metasedlmentary rocks are ..
predominantly conglomerates}'graywackes and argillites.
COmpleg grapitic bodiee'border aﬁd intrude'the Archean
succession. Late Precambrian diabase and -lamprophyre cut
the‘afofementioned rocks. Accordiné to Wanless et al.

(1966) there are, on the basis of K-Ar data, at least three
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greenschlst fa01es on a reglonal scale and locally to

14,

dlstlnct ages of dlabase dlkes in the area, extEndlng three
townshlps to the west from the Renable Mlne, ranglng frOm
2 155 ‘165 to 1 495 ) 125 M.a. Flgure~3 summarlzes data

on geochronology in relatlon to the stratlgraphlc

. succe551on of the Wawa belt.

_The ﬁawa greenstone belt has been folded about three-
~east-west trendlng cyl1ndr1ca1 axes, whlch were in turn S

'loverlapped by NW. trendlng folds. ‘Wave- 11ke patterns,'ln:
the longltudlnal sectlon, have resulted:. Younger, |

'promlnent,,N to NW strlklng and ‘steeply dlpplng transverse

faults cross -cut the Archean stratlgraphy and dlsrupt -the

-primary Eold patterns (Goodw1n, 1962).

" The entire Wawa suce551on was metamorphosed, probably

durlng a deformatlon and metamorphlc event at 2700 to 2685 .

‘Ma (Perc1val and Krogh- 1983}. The metamorphlc gradenie

amphlbol;te fac1es in the v1c1n1ty of fe151c 1ntru51ons.

Gold bearing quartz carbonate veins, in granlte 1ntru51ons

- or flanking metavolcanlc rocks, have ylelded about 50%. of ~

'.the gold produced .in "the Wawa DlStrlCt between 1900 and

1950 (Goodw1n, 1961) The close spatlal assoclatlon
between former gold producers and granltlc intrusive- rocks

is exempllfled by the\Parkhlll,'Grace, Mlnto, Jubllee,
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Cooper, Deep Lake, Smlth and Cora mlnes, south of Wawa
Lake, and the Cline Lake and Algoma Summlt mlnes ‘hear

Goudreaua Ehe mlnes expldlted gold bearlng velns
s . .

‘transectlgg the marglns of granltlc 1ntru510ns and/or S

nearby metavolcanlc rocks. In general, natlve gold

eoexlsts w?zﬁﬂbalena, molybdenlte, and_arsenopyrlte in’
- continuous r;discontlnuous\quattz—carbonate lenses or. pods -
" (Frohberg, 1935),

.

" 2.2 Mafic and Felsic Metavolcanic Rocks

" The maﬁlc and felsxc volcan1c rocks in the Renable mine

area are part of the lowermost volcanlc cycle .of the Wawa

‘greenstone belt (Rlley, 1971).

Maflc metavolcanlc rocks 1n the aenab1e area,;at‘a dlstance
:of less than 1000 m from the 1ntru51ve contact. (Flgure 4),
T}e generally dark green, show1ng local var1at1on in gra1n
size and texture. They are characterlzed by a flne to
'medlum~gra1ned granoblastlc or Eol1ated groundmass of
‘essentlal hornblende, and ollgoclase to ande51ne or alblte,
'accompanled by sUbordlnate chlor1te and carbonate, and.
locally varlable amounts of epidote. Assessory mlnerals
1nclude quartz, tltanlan magnetlte surrounded by t1tan1te,

‘apatite, b1ot1te$£and actlnolite.

o




o S . NEL
_“Idfoﬁldstic to hypidioblastic hornblende occurs in oriented
. prieme %argeiy accounting foé the foliation present in ehe
LrockéL Poikiloblastic hornblende is commonly crowded with
indlusidne of qudrtz and mottled and replaced by chlorite
lehd qeruonate (?léte l.lla).’ Some carbonate completely-
" surrounds hornblende: .fhe hargins of hornblende grains are
cqmmdﬁly very. irreguldr égainét partly surrounding,fine
”grainediduartz,mcarbdnaee,land chlorite (Plate 1.1 b),
, y

Chlorite flakes charaeterisﬁically,cross—QUt hornblende

*

-prisms,'at an angle to the general foliation, and also
occur at the outer fringes of calcite veine'cross-cutting
‘epidote—hornblende aeeemblages (Plate 1.2 a,b).
e 4 o
_Pprphyroblastie“Varieties of mafic metavolcanic rocks
.eonsisﬁ'df‘medium—grained‘hornblende porphyroblasts, within
a granoblastlc (or hornfe151c) groundmass of oligoclase to
and951ne Qr:. alblte plagloclase, flne-gralned amphibole,
epldote and quartz. Accessory minerals inciude carbonate
i'and t1tan1an~magnet1te surrounded by t1tan1te. Elongated.
-
hornblende porphyroblasts commOnly, but :;t I;§1r1ably,

show a sllght preferred planar orlentatlon. RN

) Amphibblefpbrphyroblasté‘are dise'zoned with a
épikiloblastic interior_of hornblende -and a rim of -

‘ actinoiite.\ Replacement is ineipient to' complete. _Zoned

<

i
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Plate 1.1 a: Poikiloblastic hornblende. (H) replaced by

chlorite (Chl). Crossed polarizers.

£ by

Plate l.l;i;}Qnikilgbla?fi? hornblende (H) mottled by
~ cgiorite (chl) and carbonate iSa), with
serrated margins sqrrounded by guartz: (Q), "
chlorite and carbonate.

. "'Crossed polarizers. .



Plate 1.1 a
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Plate 1.1 b
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. Plate 1.2 a: Chlorite. (Chl) flakes cross= cuttlng
! -_hornblende (H) at an angle to the general'
follatlon (%rrow) Flne gfained.follated

matrlx con51sts of hornblende, quartz,

"'epldote and carbonate. Crossed polarlzers

— 7(
o _}\_ . _ '
Plate l 2 b Mlcrofracture fllled w1th carbonate (Ca) and

. chlorlte (Chl) Cross- cuttlng epldote hornblende

L. L T assemblages Crossed polarlzers
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Platel2a

. Platel2

Qs

COLOURED PICTURES |
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.crystals have‘Serrated margins and are enclosed by a halo
of cnlorite,'calcire and guartz (Plate 1.3 a). Hornbiende
porphfroblaste are also replaced by epidote and carbonate
.aiongirradﬁures (Plate 1.3 b).

‘e

i
3 o

Fe151c metavolcanlc rocks presumably overlie the maflc
metavolcanlcs (Ferguson, 1968a) VFeISLQ metavolcanlc_rocksf-
are light. grey- green in color, and are c0mpoSed'of'mediuh
gralned phenocrysts of quartz and saussurltlzed alblte-

(7
_ollgoélasel surrounded by a flne—gralned matrix of . chlorlte,/
'pseudomorphs after blOtlte, quartz, plagloclase, epldote
and-muscov1te (Platell 4) . Tltanlte and pyrlte partlally
'altered to hematlte are- accessory mlnerals. A well—

f_developed follatlon is deflned by the allgnment of dhlorlte

flaﬁes and small 1enses of quartz and plagicclase.

Feldspar and quartz~fe1dspar porpnyry dikes are common
within.the metabasalt. 'Mineraiogicaily and texturally they
resemble’ the porphyrltlc fe151c metavolcan1c rocks and only

\

‘thelr crosscutting relatlonshlps allow thelr dlstlnctlon.

2.3 Felsic Intrusive Rocks

A .

"A complex batholith, consiSting'dOminantiy.of massive to

gneissio.trondhjemite, with- minor weakly:foliated to -



. Plate 1.3 a:-Anhedral amphibole with a'oore of hornblende"
(dark gray) and a pale rlm of actlnollte (Ac)
surrounded by carbonate (ca), quartz (Q) and

'chlorlte (Chl); Crossed_polarigers.l'

" Plate 1.3 b: Anhedral amphlbole W1th a core of hornblende .
'i o (dark gray) and a' pale rim of . actlnollte (Ac)
is replaced by carbonate along a mlcrofracture.

Crossed polarlzers.'

N
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Plate 1.4 : Phenocrysts of altered plagioclase in a
fine grained groundmass'of'chigritef qﬁarfz;

‘carbonate, muscovite and epidote.

Crossed polarizers. = =~ 5 ‘
4
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o
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gneissic tonalite, intrudes'the.metavolcanic rocks on the

east (Figure 4),

Gneisslc trondhjemite is a 1light coloured gray-green to

pinkish-gray,:medium grained rock, with a fine grained .
granular ‘matrix swirling around medlum gralned marginally

granulated quartz and feldspar porphyroclasts (Plate 2.1,

’a b). The rock is composed of 25-28% quartz, 35 458
.altered ollgoclase, 15%. muscov1te, 8% chlorlte and blotlte, .f

.w1th accessory carbonate, alka11 ~feldspar;. hematite,

pyrlte, tltanlte and apatlte Ind1v1dual lamlnae consist

.of allgned mUscov1te flakes, chlorlte blotlte and epldote

“aggregates, and quartz feldspar layers. The eye shaped

quartz and feldspar porphyroclasts are also al1gned
parallel to the trend~of lamlnatlon, 1ncrea51ng the

impresslon of'the'ouerall klnématic origin~of the rock

. A
i

”fabricu_

Gneissic tonalites are dlstlnct black and whlte follated

rocks, with a cons1derably greater proportlon of

'ferromagne51an mlnerals than the tronthem1tlc phases.

These rocks are composed of a medlum to fine- gralned
assemblage of 22- 25% quartz, 40% altered ande91ne, 13¢

hornblende, 10% blOtlte, chlorlte, epldote and muscov1te,

. and accessory,alkall feldspar, titanite, pyrite and

‘magnetite. The follated“texture is a manifestation of ‘the



Plate 2.1 a::Eye;shaped-frqétured quéréﬁ porphyroclast
wrépped around by-a foliated 'fine'grained :
,matrix of muscbﬁite (ﬁuT; quartz (Q),and o

chloritized bhiotite (Bi). Crossed polarizers.

Pla£e.2.1;b£ Eye-shaped frahtufed éltered plagi&élasg
' pogphyroqlaét;wrapped érbuﬁd.by‘a foiiatéd
matrix'of fine gfained.m€SCOéite.(Muf,n
quartz (Q).éna chloriﬁized‘biotiée (Bi). .

Crossed polarizers.




Plate 2.1a.

Plate 2.1b

— ———

COLOURED PICTURES . -
-lmages en couleur
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preferred orientation of hornblende erstals; biotite ahd':
chlorite flakes, and elongated quartz and fgldspér grains,
qrépped érouné}elongated feldspar -and éuarfz
porphyroclasts. This texture is similar to the laminated,
texture in the trondhjemites:

The massive-to Weakly—foliahed intrusive rocks are

leucocratic coarse-to medium-grained trondhjemites,-and
- . . } . - v

mesocratic medium to fine-grained tonalites. They are

characterized by a subhedral granitoid granular. texture

with a locally overprinted mild foliation and locally

grancoblastic recrystallized textute (Plafe 2.2 ).

?ubhedral plagioclasé is modeéételf'to intensely mottled
with fine—-grained sericige, epidote'aﬁd:carbonaté (Plate
2.3 a). Compositionally zéned'cryétgls have mottled cores
and clear rims of less calcic plégioclése abproaéhiTg'
almost pure albipe.(?%ate 2,3 b). Biotite and hornblende
3n'are partly.replaced by chlorite witb‘or without carbgnate
'gnd'quartz (Plate 2.4 a,b). Hornblende is also réplaced by
‘eﬁidote along fractures. Calcite-filled fractures
cfoés—cut trondhjemites and tonalites. Quartz and feldspar
lﬁorbhy;oclasts show undulose extinction and may be

fractured.




Plate -2.2 :.Granitoiﬁ'assemblage'bf i hedral quartz and

subhed?al-plagiocl mildly mottled with

sericite, fine grained carbonatgj and epidote,

" associated with chloritizZed hornblende. .

Crossed polarizers.
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. Plate 2, 3 a: Subhedral pladloclase 1ntense1y mottled w1th

flne gralned/FerLCLte,_carbonate and epldote.
. . . . M \ i . -
e . Crossed polarizers. '

Plate 2 3 b Gomp051tlonally zoned plagloclase lath wmth ff

mottled core and a clear xrim of alblte.-
. ‘B . . A )

Crossed polarlzers.
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* COLOURED PICTURES

Images en couleur -
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Plgﬁé52.4 a: BlOtlte (Bl) and p01k110blast1c hornblende (H)
| . replaced by chlorite (Chl)
- ‘ ngssed_pglarlzersax '
- -
-n. ' :\‘ )
LY N -
‘?lqte.2£4 b Blotlte (Bl) replaced by chlorlte (Chl)
. .Crossed polarlzers. SR _
‘ .
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-Plate 2.4 a

_COLOURED PICTURES

Images en couleur _ -
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Plate 2.4 b
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. Narrow apl1te dikes cut.the trondh3em1t1c tonalitic rocks.,.
.Rocks are termed trondhjemltes and tonalites "in the
normatlve cla551frcatlon of~siliceous'plutonic rocks after
- OﬂConhor'(1965),'mod1fied'bf-Barker.11979)-(Figure 5).
'tThe Renable area trondhjemlte tonallte 1s part of the large
bathollth1c terrain, the Mlss1na1b1 Lake bathollth (MLB)

-(Perc1val, .1981) that embays the Wawa greenstone belt at

- its easternmost end. ‘It is- bordered by mlgmat1te and there

are m1norlporphyry, gabbro, and pyroxenlte (Perc1val 1981;
Thurston et al., 1977) The MLB appears to represent an

- Archean, late synvolcanlc and early syntecton1c 1ntru51on ;
w1th a mlnlmum age .of 2707 Ma (Perc1val and Krogh, 1983) )
It was emplaced at a mesozonal level, detachlng and

' engulflng the lowermost cycle of the Wawa greenstone: belt
now represented by amphibolitic- zenollths, and also adl

‘ older pre 2765 Ma, tonallt1c gnelss basement, thought to. be'

a remnant of an ancient sequence.,

‘The’ batholithlc rocks in the Renabie mine area may
represent e1ther parts of the qnelss1c marg1ns of the MLB,

or remoblllzed pre-2765 Ma basement.l

!
o



Figure 5 : Modal analyses of felsic intrusive

rocks' from the Renabie area .

o‘ FELSIC&NTRUEIVE. ROCKS
_ FROM THE RENABIE ‘AREA .

ANORTHITE

TRONDHJEMITE

GRANITE
: o
20 3036 ' 60-
ALBITE ~ : B , ORTHOCLASE

" ( Compositional fields are after Rarker, 1979 ¥




2.4 Mafic Intrusive Rocks ' , : -

Tne Renabie miné area is cross~cut by diabase-dikes with

sinuous outlines which commonly bifurcate and then abruptlyl
pinch out4¢ Their predominant trende vary from n _thweet to
north-northwest. Diabase, cgéaeutting metavoloanics in_the

map area, is a dark, green Ophltlc textured rock consisting

of subhedral grains of augite rimmed by uralite, set in a

o .matrlx of mlldly saussuritized labradorite laths.'

Accessory mlnerals 1nclude quartz, blOtlte, chlorite and

‘magnetite,

A narrow foliated 1amprophyre.dike"which_was enqountered,
at the.914 m 1eve1 G“rkings"of-tne Renabie'mine; containa
Eragments of purpllsh ve1n quartz,_and cuts. the foliation
of the tronthjemitic wall rockf The’ lamprophyre is a dark‘
green to black rock con51st1ng of denselff;aEked L
chloritized Biotite COntalnlng secondary sphene and

ilmenite and saussuritlzed subhedral to anhedral, andesine

laths, with interstitial quartz, carbéﬁate surroundlng

minor anhydrlte, and micrographic 1ntergrowths of quartz
. e .

—and.alkali—feldspar.

‘},."
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2.5 - Structure

The bathollthlc rocks have an arcuate contact w1th the
greenstone success1on, curv1ng from northeast in the
northern part (not shown on figure 4) of the area to
-northwest in the southern part. Dr1111ng has 1nd1cated

' that the 1ntru51ve contact~has an average-dlp of 55°W.

-The gneissicﬂstructure of the batholithic rocks is_nearly.
paraiIellto»the contact and is generally conformable'with
the follatlon w1th1n the lavas, dlpplnq westward at about-
GD'degrees. It appears to be a product- of protoclastlc

- cohesive flow under conditions of hxgh shear stress.-

-There are, three main - faults in the Renable mine, namely the
West, the Shaft, and the D fault (Flgure 6), striking -
approx1mately north and dipping 70° to ‘8o° W_(Ferguson,

" 1968b). The Shaft fault dlsplaces the granite"

greenstone contact 300 m along strlke (Flgure 4) . All the-

faults intersect both the mlnerallzed zones and the dlabase:

) dikes in the mlne,
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LAMPROPHYRE"

DIABASE

FELS1GC META-INTRUSIVE ROCKS

b .
Agd : Qranitold to gneissic trondhiomlt-

Agd2: Granitold to gnelssic tonallte

Pt Feldspar porphyry

 FELSIC METAVOLCANIC ROCKS

vd : Porphyrltic metadacite

MAFIC METAVOLCANIC ROCKS

‘Vbm : Follated fine to medium gralned metabasalt

GEOLOGICAL SYMBOLS

Geclogical boundary, aspproximate

Fault lndlcéted or aasumed

QOre xO0NnGO

~

Figure 6 : Geological cross-sections showing the

distribution: of faults in the Renabie mine, and

)

'theﬂrgiat;oﬁship o6f ore zones to the "granite”-

g#égqstqng_contact. ( after fefguson, 1968b ).

LocqtiOﬁ shown on Figure 4.

o
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CHAPTER 3

g

GOLD HINERA;IZATION iN THE RENABIE AREA

+

3.1 General Statement

o

The.gélq depositslin the Renabié area are gold-, SPIphide—,
and telluride-bearing quart% veins in éhe marginal phase.of
the batholith ?nd in the édjacedE greenstones, within 500 m
of thg intrusiye contact. There is a general sympathetic

relationship between gold, sulphide,'and telluride mineral

ooccurrences in the deposits of the area.

3.2 The Renabie Vein

The information on the Renabie. Gold Mine is based on data
and samp1§L collected during-a visit to the;Renabie‘mine,
the marginal notes on 0.D,.M, Map No. P. 482 (Ferguson,

19684), and the mine description by Bruce (1944}.

The Renabie Gold Mine (Plate 3.1) has an 800 m long
east-west striking, steeply dipping vein that crosscuts
trondhjemite‘and tpnalité at the west margin of the
Miséinaibi Lake. Batholith.  Disrupted vein sections form

[
the Renabie ore zones, ranging from 4 to a maximum of 210 m

~



Lan

. ‘ . L \
, .

Plate 3.1 : View of the mine plant,_ldokihg_&estr'

- Renabie' mine, Leeson township, Ontario.
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J

-in 1eng£h,'énd'from les.

“(Plate 3.2 b).

. |
At the 914 m level of the mine workingsi sections of the
|

¥
» walls.

-

tii; 1mto 30 m in width. .The
. ) o . ﬁ%
mineralized zones generally dip to the southwest and are .
irregular and variable in shape fofming iénseé, pipes and

tabular bédies. Some ore shoots consist of a complex of

-

"cldéely spaced vefns or lenses ehveloped and separated by

“altéféd schistose wallrock. The vegtical extend of the

vein has been explored to a deptﬁﬂgf 950 m.

The eastern-most section of the Renabie vein, known as the
"C“'zqhe (Figdre 4), cuts gneissicAtonalite. The part that
is exposed on the surface is an east-west trending 20 m

thick quartz vein.(Plate 3.2 a) which inc des streaks and

elongated oval shaped'inclusionS‘of sphi tose wallrock f

- : -

[

vein'exhibit a banded structure parallel to the borders.
The most -abundant type of banding is broughtzabout by

stringers of muscovite-rich host rock and by oval shaped i\“;‘ *
- [9 .

”.altered wallrock fragments (Plate 3.3 '). A second type

is causedfby.shéaring and granulation parallel to the



' o N o . ‘

.

fPlate 3.2 a: The eastern section of the "C" ore zone,’

> looking west along-strike, Renabie mine. . . ..___

4

Plate 3.2 b: Tlongated inclusions of schistose wallrock

in the eastern section of the "C" ore zone,

Renabie mine.
L
~ . - 1 —m:—_-_"""hn. ’
vy g ~ -y ¢
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Plate _3'.2 a'

* Plate 3.2 b
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~ Plate 3.3 : Banded structure of theJRenabie vein,

91ﬁm'(3;00ft1'1eve1 workings,-Rehabie mine.
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3;2;1"Mineraiog1 . --_; - .' S e

-_ Quartz is by . far-the.moét.abuhdant oonstituent;

.accountlng for. about 90% of the! vein f1111ng.' Most of;t

- f‘ S the quartz 1s of a ma551ve or granular, mllky or.dirty

| | | gray varlety due to mlnute flu1d and SOlld inclusions.
;fj;"_;_;ffﬂ‘_—;f_:w—Under the mlcrosoope the. vein quartz exh1b1t5

—- T s 'undulatory extlnctlon, evadence of’ straln during and

after its formatlon.

.Other essentlal gangue mlnerals Ainclude carbonate. and
'muscov1te. They are most abundaut'along the'veln
borders..;Carbonate'forms mineral aggregates with
quartz,-Whereaé‘ﬁuscovite is, mostly fqund iu

monomlnerallc clusters assoc1ated W1th quartz and

carbonate (Plate 3 4ab)

Accessory tourmaline and chlorite are present in the

- T . " L. "C"‘ Zohe,

Ore grade“vein‘sections of the vein may containf
between 5.and 20% sulphides, dominantlyopgrite,-. C.
accompanied by minor gaiena; chalcopyrite, sphalerite,
molydenite and native gold.’ Telluride mineraley-_ .,‘
yncludlng telluroblsmuthlte (BigTey), altaite,: |

(PbTe), hessite" (Ange}$7pet21te (Ag3AuTe2), a_ ’},'

"
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\Y‘?laté 3.4 a: Massive aggregate of carbonate (Ca) Qith'éuartz

Q). Miqkophbfog}aph under crossed polarizers
. of vein filling, Renabie mine. R !
Iy
&

.

‘Plate 3.4 b: -Quartz (Q) associated with carbonate (Ca) and

‘muscoviﬁe (Mu)'. Micrqphotbgraph-underlcrossed

'®  polarizers of vein filling. Renabie mine.

3
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'rare'Pb¥Bi teiluride known as rﬁckiidgéite

‘_(TB;,Pb)3Te4) (Rﬁcklidge{ i969),'are also pregeqtﬁ

Mic?qséqpié,subrouﬁﬁéd p£ elonéétéd}grainslof nétive'

Jgoiq épmmonly‘§§CUr along thg:boundariéé of pyrite and

2galengfgrhihs;-(P}a£e 4.1 a;b) and ra:ély.as |
inclhgiohs‘in pyrité.with tellurides'(e.gl'a}tqite,"

'Iheésité)ffélaﬁe 4.2 B Cold alg& oc?uré in petzité,
.anq éaﬁ-ﬁe ésséciétéd with aiéaite'and |

' teilufébiémuthiﬁé. §1ebtr6n—miepoprobé-anélySesij

Dr. D.C. Harris: of the Geological Sqrvey-of Canada on

fivé gold grains show that the Au/Ag ratio .ranges from °

5.7 to 9.6 (Table 1). R

Pyrite, the most aburidant metallic mineral, Forms
small cubes and irregular grains. It is typicalf&
fractured and repléced by guartz and qhaicopYrite,

with or without' galena and gold. ,

Gaiéna foéms hypidiomorphic crystals cﬁéractérist—-‘

ically associatéd with gold. (Plate 4.1 b). Galena.
intergrowths With chalcopyrite £ill fraétufes in vein
duarﬁz-and also replace;pyripe along fractures. The

mineral also occurs as isolated grains.

L4

. .




‘Plate 4.1 a: Gold (Au) associated with pyrite (Py}.

Microphotograph under reflected light.

Al

Plate 4,1 b: Gold (Au) in association with gaflena (Gn),
pyrite (Py), hessite (Hs)} and
* tellurobismuthite (TEBI). Microphotograph

.
under reflected light.

o
,~\
AN
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Plate 4.2 : Golﬂo(Au) with altaite ?Ht) and hessite (Hs)

as incZusions in pyrite.

Microphotograph under reflected light.
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K . .
. Molybdehfte;"where_preseq;, has the same mode'of

Jrem——

occorrence as do galena and chalcopyrite.‘ )

Sphalerite is very minor, occurring as thin filmsg

bordering pyrite cubes and also associated with
) . ‘

_chalcopyrite. b

- [1 "

Telluroblsmuthlte, the most abundant of the telluride
“L\Jg;nerals, forms lath- shaped crystals a55001ated with
galena and gold (Plate 4.3 a) and 1s/ﬁlso preﬂent as

isolated prisms in the quartz vein material.

.Altaite,'the second most common telluride, forms o

1rregu1ar gralns commonly occurrlng 1nterst1t1ally to
‘ yrlte cubes or in a35001at10n with gold (Plate 4.3
b)o ‘ ‘ . \
_ o - . .
/ ' -
Rucklldgelte was f1rSt reported as an unidentified
Pb-Bi telluride from the Robb~Moptbray.property in
Québec, subsequently from two localities fh Russia by

-

Zav'yalov and Begizov (1977); and recently from the

rd
i Ashley dep051t, Ontario (Harris et al., T983). The
.- -
mineral occurs' as intergrowths with altaite (Plate 4.3
. ) . ,q-
C) - ._ ’ : A - o v
- ,;z—y\_ :
. 2 A hoo-
k‘ﬁffrwr
’ Nen”
. ﬂ“ =,
o s




Plate 4.3 a:
Plate 4.3.b:

Plate 4.3 c:

——

&

Tellurdbismuthité tTEBI)'lath shapedh
crystals with gold (Au) on galena &Gn). ®
Gold "(Au) with altaite (At) interstitial
to pyrite (Pf).

Rucklidgeite (R) inﬁergrown with altafte
(aAt), associated with pyrite (éf), galéna

(Gn) and chalcopyrite {Cp).

( Microphotographs under reflected light )
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3.2.2 Wallrobk‘Alteration

"changes towards the vein are:

In the immediate vicinity of the Renabie- vein, tﬁe
trondhjemitic and tonalitic wallrbck§ have been
hydrothermally alte;ed during the ﬁormat{on éf-the
vein to a schistose assemblage of muscévite, quartz,
carbonate (calcite), chlorige, albite and pyrite.
Chlorite is pseudomorphous after biotite and muscovit
is pseudomorphous, in part, after plagioclase (PIatex

5.1 a,b). These schists are t;ansecfed by lensoidal

. quartz stringers immediétely adjacent to the vein and

grade outward into gneissic trondhjemite or tonalite

over a distance of 3 to 4 meters. ' 3
& ' : '

Schistose wallrock inclusions in the vein are
impregnated with abundant pyrite. These schist;
carried low gold values according to Frohberg (1948).

AN

T

The “gfaniticﬁ wallrocks are mineralogically and

texturally changed with decreasing intengf??kgyay from
. . ‘ o/ ‘
the vein for distances up to three meters. The

prominent mineralogical (Figures 7 and 8) and textural

v ' \‘tk\'
. , N .

1) A change from.medium-grained foliated or gneissic
' l ..J. A \ .-
‘rocks intd‘fine—grained fissile rocks;

i
]
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Plate 5,1 a:

Plate }5.1.b:

Follated assemblage of- muSCOV1te (Mu),

carbonate (Ca)qhandfauartz (Q) 1n altered

wallrocks to the Reé‘ble vein.

Crossed polarlzers; . o~

. <.
Muscovite (Mu) pseudoﬁorﬁhs aftgr-plagiaclase
and chlorite (Chl) pseudomorphs after

biétité in association wi;h carbonate (Ca)
éﬁa quartz‘(b) in altered wallrocks to the

Renabie wvein.

- Crossed polarizers.

9 N
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Figure 7 :

RELATIVE HEIGHT OF X.R.D PEAKS

Mineralogical changesuin tonaliti¢ wallrocks about

‘the Renabie gold-bearing quartz—muécovite-carbopate

vein in the eastern section of the "C" zone,

Renabie mine. ( Traverse suite : 16~+.25 ).
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Mineralogical Chahges.in tfohdﬁjemitic wallrocks'
about the Renabfffgold bearlng quartz-muscovmte-
xcarbonate vein at the 914m (3100ft) level worklngs,

Renable mine. ( Traverse sulte‘;_125-¢gl29 ).

\

b

(' PLAGIOCLASE o .. MUBCOVITE - .

100
75

25—~

100

75

. o f oL — _; —
J . e . ‘2.6m

b
»n
P
o
5.
wh
N -

HLORITE

100

76

: b : INDEX

CALCITE - . e~ T : . 0’

’ + ‘1 - . +*
- .
) . A ;

. VEIN'(—-—WA'LERQ‘QKQ__;‘ -

©

“ .

-
|

——129
{a
2427

-l -
)
[

.

Lo

2

* DISTANCE, FROM QUARTZ VEIN —p *



e

2)iihcre§$e iarﬁhe alteration. of individual minerals

"exemplif%ed by the tranéformation Qf,saussur;tized
_plégioclése.into sericite-carbonate pseutiomorphs;
or transformation of chloritized biotite and

. . K4
hornblende into chlorite pseudomorphs.

3) Dramatic increase in muscovite (sericite), . i

accompanied by steady increase in carbonate,

‘chlorite and'pyrite:

4) Decrease in feldspar, biotite and hornblende.

. B . o ’ -/

- - ‘
The rglative‘abundance:of wallrock primary minerals
"and.their alteration products was determined by
measuring the heights of various peak intensities on
X—ray diffraction charts (Figure 7,8). The measured
heights do not represe?; absolute amounts, but are
useful to show mlneralégQEE} changes that occur during
hydrothermal alteration (Armbrust, 19ﬁ0). The
mlneraloglcal changes for piotite and pyrlte were
deduced from thin section examlnatlon. Streaks and
LTS
fraqments of . hydrothermally altered wallrock materlal
“which ‘are included 1nto the veins are comé%%ed of a
! \J

medium grained fissile assemblage of densely packed

chlorite and muscovite flakes, and fine grained

carbonate and sericite aggregates, aligned ‘parallel to

“, ' .,\'

P o .
- . . . r '

e s -

[ 4
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the vein's walls, ‘The chlorite is pseudomofphous
after biotite and hornblende,.and the carbonate;
sericite aggregates completely replage plagioclase.
Oval-shaped, granuléted quartz'porphy;oélasts are (
commonly set into the fissile matrix with the fbnger
dimension alsowaligned parallei to the schistosity.

Wallrock fragments are impregnated wiph abundant

. SN k ] -
pyrite in the "C" zone. The altered wallrock '

fragments-are'enveloped by granulated quartz.

3.2.3 Deformation

The Renabie ore bodies'appear highTy~eentorted, Y\

probably by an episode of disharmonic folding as.

indicated by microfolds developed in the schistose

wallrocks. The mlcrofolds plunge about 70° W and
their ax1al planes strlke roughly E-W.
- ' ' .
| D
) R
The gold-bearing quartz is commonly sheared and
fractured and shows late sericite and chlorite on

fractures. Gold ore is also cut and offset by mafic

_ dikes and faults (Figure 6). Thus, it is believed

thatgthe present ore configuration characterized by a
,/—\—//’ +
large number of small discontinuous ore shoots, is the

result of severe tectonisn acoompanylng veln formation

“or later durlng faultlng and dlke 1ntru51on.

3
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'3.2.4 Age of the Vein

Lead isotope data indicate\ formation of the Renabie

guriferous veins 2688 Ma ago,

accor%iné to a ngw ad
evolution model for deposits from the Superior: (T?
province of-éhe Canadian Shied (Thorpe, 1982, and
personal communicationf. The Stacky—Kramer's (1975)
'qgﬁel provides a model @Qe of 2692 :;ngr the same
s%;ple. These ages plot slightly off the ';:
palegisochronjﬂefinéd by Thorpe (1982) primarily on

-

the basis of/data for Superior Province massive

sulphide deposits. These dates are in good agreemeﬁt

.with a metamorphic and deformation event that affected

the Aréhean, near Lochalsh (Figure 2), and which has

“

been dated at 2700 tg 2685 Ma by U-Pbrdating of
: SN )
zircons (Percival and Krogh, 1983).

Braminco No. 21 Vein

o

The Braminco No. 21 Vein, located 1.8 km southeast of the

Renabie mine, belongs to the,BraminéB“brospécts. The T

Braminco prospects include six north-northwest trending,

-

steeply dipping (Ferguson, 1968a), quarti-Cafbonate veins

which transect‘trondhjemite and metabasalt (Figure 4).




The No. 21 vein crosscuts trondhjemite, strikes
approximately due north and dips steeply. At its southeast

end, where it disappears beneath a swamp, the width of the

quartz is 4 m. . - X \j)

3.3.1 Mineralogy

»
The No. 21 vein is a massive quartz-muscovite-

carbonate aggregate with up to 30% pyrite,'accompénied
by less than 5% chalcopyrite, galena, altaite,

~

hessite, tellurobismuthite, sphalerite and ﬁativé_-

.‘_ gold.

Textural relationships among metallic minerals are

. b
similar to those of the Renabie deposit.

3.3.2 .nglroék Alteration

The Bfaminco No. 21 vein is bordered by a- fine grained-

iénCocraEic schist congistingiof.muscovite, carbonate,

chlorite, quartz and albite, which gfades outwards

”;h . into weakly‘foliafed to gneissic trondﬁjemitet
| l‘ Wallrocks, at a distance of 3 ﬁ‘away from.the veiﬁ,
have experiénced'the $émé kindrof mineralogical,

- . {Figure 9}, texturai,'and structural changes as;ﬁhe
trondhjemitic wallrocg; about ‘the Ren;Bie Qein.'

f ’ ’ Lo .V y ‘.—

v . ¥
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“.Figure 9 : Mineralogical changes in trondhjemitic wallrocks

about the Braminco No. 21 gold-bearing quartz-

muscovite-carbonate vein, Braminco gold prospects,
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3.4 Campbell Vein

. 'Thé éampbell gold-bearing veiﬁ, which‘bglongs to the

-
[N

‘Braminco .Prospects {(Figure 4), occurs in metabasalt. at a-
distance of 100 m from the "granite" - greenstone contaet.

: -/ .
The southernmost extension strlkesiapproxlmately north.

;

'The orlglnal find was descrlbed by Gardiner and Low (1947)

as lenses ‘of quartz up to 13 m 1n w1dth, rapidly plnthlng
out to the north. - The vein cq951sts Qf massive quantz with

carbonate and muscovite, énd ib-BO% disséminated pyrite.

No other'metallic.mineralization:was'founq in the sampléga

rE
ot

collected.

3.4;i Wallrock Altefatioﬁ P
B <
- ? ——

Metabasalts enveloping‘the Campbell vein consist of a

schistose assemblage of chlorite, epidote, carﬁbnate

Ry N

pseudomorphs after hornblende, albite pseudomporphs
after more calcic plagioclase, qhartz, muscovite and

pyrite.

L : ' L
The prominent mineralogical (Figure 10), textural,

and strfuctural changes that are documented in the

wallrocks.wggfln 4 m oﬁ’the CampbeL} gold- bearlng

‘vein, and that increase in’ 1nten51ty ‘towdrd the vein
B ) . \ } ! . 3
ares: B | s SN
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v . b- '

1) Enhancement of a steeply dipping foliation parallel -
to the vein's general attitudes *

v . L
-

P

r

'2) Medium érained'rocks with pdrphyrobléstic teitures_
. ' " uy

" pass into fine grained schis&s, followedxpf the
e . - :
abrupt appearance of pyrite- bearing quartz -

»
.

lenses;

~

" 3) Increase in quartz, chlorite, white mica, pyrite,

»

.and carbonate minerals;

~

4) Decrease in hornblende.

f

. Mineralogical changes for pyrite were deduced from

thin section examination.
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‘ CHAPTER 4

-

4.

GEOCHEMISTRY OF THE WALLROCK ALTERATION
]

4.1 General’gtatement

This chapter describes the changes in major and minor

>

element abundances during the hydrothermal alteration of

‘ wallrocks adjacent to gold-bearing veins' in the Renabie

mine_area, and investigates the redox natire of the fluids-

ascribéd to this alteration. Mass balance. éalculations

-

' express the element dlstrlbutlon, and redox state of iron

.relatlonshlps prov1de ev1di?ce oh the nature .of the

7

)

-

]
»

fluldsf .

4.2 Mass;Balence Equation

During hydrothermal altegation theabsolute abyndances of
elements-cnange by real:gains or'iosses’for mobile
elements‘ by dl%utlon during 1ncrea51ng addltlon of cther

chemlcal components, or,rfor immobile elements,-by

—

':.concentratlon through leachang of soluble components.

Gresens (1967) derlved a general equatlon that allows

calculation of cetlon galns and- losses accompanylng

métasomatic. transformation of - a given parent rock to its
- - a : - ' .

v



i

- - ' -

'.'alteration product. Specific gravity data are incorporated
into this mass balance equation, and so compositional
variations are related to volume changes. Simple

comparisons of bulk rock compositions (wt.%) of parent rock
. N - Pl . '

and alteration product do not. satisfactorily account for
changes in element abundances, unless possible changes in
volume, produced by gain or loss of volatiles, ionic

packing and/or deformation, are taken into aceount.

Gresen's mass balance equation is given as:

N . L)

Axi = a {Fv xid (_f}d/ﬁp) - xiP (1) g '-

where  the .parameters ‘are: )
R .. ‘ ’E

‘Axi = Chemical change: the change in ebundahce of element

B »
. [ PR o

"a = Initial quantlty of parent rock prescrlbed 100 gms.

)
Fv = The “volume factor- ratlo between the flnal and 1n1t1al
N 3 '

volumes of rock masses.

-

x

ot
PU -
o

i

= Weight fraction of element i intpérent rock and
élteratiop product respectively. L L e g B
g P,% = Specific gravity of paﬁ;nt and‘alteratien b?oduct,

. respectively. . . . ; T«

A uniqdetsglution,to'quation {1) is obtained by knowing or

~ inferrings




1. The chemical composition and the specific gravity oﬁ"
the parent and'alteration product. | |
| _% vé%'
‘2. The change in volume or the isochemical behaviour of =
element(si, ouring the traneformation in questions
For any transfornation*of a‘gicen'parent rock toiits
complement alteration preduct, Qolume factors may be found
by: | | |
1. Estimating the wvolume change besed on independent '
evidence,.euch as‘chahgegain.the shapy—of crystals, '
QL Demonstretinc-the\iéochemicel behaviour ofltwo-or~more
elements. ‘Two elements probably remalned immobile
durlng hydrothermal alteratlon if they malntaln
approxlmately constant ratlos to ohe another in a rock
suite bearlng varlable 1nten51t1es of alteratlon
(Tables 2 3,4, 5). Con51stency of the ratlos |
'establlshes derlvatlon from a common parental rock
type, w1th respect to-a setrof e}ements whlch#behaveq'

isochemically. Tt

3. _éhoosing_the value where the component lines,.for'
A 1mmoblle elements, simulteneously<cross the zero mass

) change aXIS in a compOSLtlon—volume dlagram, ‘Gresen's
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Table 2 :- Cheﬁical analyses of wallrocks about the Renabie

’ gold-bearing quartz—muscovite—carbonate vein at
the eastern section of the "c" zone, Renabie mine.

‘ ( Traverse suiteﬁ 16—>» 25 )
‘Distance frbm' ]
quartz vein., ('m?} 2.5 1.9 1.4 0.

5 0
, Sample number ' 1le 17 gg_‘ A zi‘ 25
a | (Wee) - .
Lsio, | - . 66.14 64.04 64.41 61.95 57.70

" AlQy .- 16,17 '14.45 15.52 14.47 15.46
Fe,05 (1) 5.48 4.68 4.80 4.52  5.20
‘MgO 2.23  1.66 1772 1.93  2.45
ca0 © 5.32  4.47 4.59 4.90 6.02
Na,O : 412 336 3.38 1.02  1U71

K,0 ° . 0.92 1.31 1.51 4.41 4.48
TiO, .  0.52  0.45 . 0.48 0.52  0.49%
P,0¢ - ~ 0.06 0.08 0.10 0.09 . 0.07

MnO | 0.09 0.07 0.07 0.10 0.0l

s. 0.00 0.00 0.02 0.18 0.10
L.0.1 - 0.80 4.80 2.71 5.70 6.00
TOTAL \ 100.94 99.37 99.95 100.38 99.92

A ppm) , o -

Ba . 252 354 422 913 543

cer S .35 12 56 2 53

2r . : 136 139 170 144 133
sr o ' | 263 275 364 327 294"
P;_;gﬁb T 7 28 35 127 129
Y . 5 1 10 . 16 © 11

Zn - 54 41 40 102 80

Ni © 25 17 87 22 - 33
5.6, | . 2,77 2.74 2,76 2.77 _ 2.78

(Al,0,/TiO)} 31.00 32.10 32.3 27.9  31.5
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Table 3 : Chemical analyses of wallrocks about the Renabie .
gold-bearing quartz—muscovité-cqrponate»“'\?@:Ln{‘_’;igfi
- the 914m (3100ft) level workings, Renabie Wine.
‘ {Traverse suitef 125 - 129) |
pistance from _ _ -
quartz. vein. (m) 2.5 1.9 1.4 0.5 0

Sample number . 125% - 126 127 128 129
. (wte) o |
510, - 70.68' €9.86 71.63 68,81 . 71.12.
Al,04 “ 14.37 14.85 14.83 13.84 14.76
Ee,0q0y o 1:95 -.1.96 2.03 2.14 1.69
MgO 0.37 0.49 0.32 0.38 0.41
c4o '2:25 2.48 2.38 2.61 0.63
Na,O * 4.92 4.86 4.68 3.49  3.53
K,0 1.51 1.34 1.58 2.73  3.17
TiO; " .18 0.19 0.1 0.19 0.19
P,0¢ 0.04 0.02 0.02 0.03 0.07
MnO - 0.04 ©0.03 0.04 0.04 0,01
s - .02 0.0 0.01 0.05 0.05
L.0.T1. | 3,46 3795 3.14 . 4.91  5.90
TOTAL " 59.89 100.93 100.95 99.38 101.65
. - {ppm) . ,

Ba . 350 387 553 451 603
Cr ' ‘ 23 8 23 25 .. 40
zr | 3 85 136~ B6 88 68
sr © . ..341 . 376 313 217 . 271
RD S oA 17 35 77 82
y . 10 11 10 | 8. 6
Zn : 3. 16 36 42 39
Ni | . a6 . 1 0 .7 6
5.G. | © 2,700 2.72  2.73 2,73 2,72
(A1,0,/Ti0,) - - 79.80 78.18 78.08  72.80 77.70
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Pable 4 : Chemical analyses of wallrocks about the Braminco

No. 21 gold-bearing quartz-muscovite-carbonate vein,

Braminco gold prospects, southeast of the Renabie

mine. ( Traverse suite : 59—69 ).

Distance from

quartz vein. ( m ) 2.5
Sample number 59
. {wtt)
SiO2 72.51
: A120§ 15.38
F°2°3(T) - 2.27
MgO 0.58
Ca0 2.50
Nn20 5.03
K20 1.50
TiO2 0.27
P,0; 0.01
Mno 0.04
s 0.00
L.O.TI. 0.91
TOTAL ] 100.08
" (ppm) o
Ba 503
Cr 5
2r - 117
sr 278
Rb 28
b4 0
In : 29
Ni 14
5.G .- 2.69

(81,0,/Ti0,) ©56.90

N
N

70.32
14.49
2,42
0.63
2,49
3.46
2.74
0.25
0.01
0.04
0.07
2.62
99.70

466

113
203

65

47

13
2.70

57.90

1.9
3

70.37
15.23
2.37
.60
2.46
744
3.62
0.26

- 0.02
_ o704
0.18
2.97
100.70
459

3

1.6
4

54
-~

71.04
14.12

2.17

0.62.
2.64
1.72

4.20
0.24
0.02
0.05
0.25
3.34

100.44

112 .

259
99

6

63

12
2.69:
58.50

462

nY
121

229
109

5

- 52
15
2.73
58.80

2,72 -

57.50

67.51
16.73°

2,90
0.54

.92

0.78
5,41
0.29
‘0.10
1 0.02
'0.03
4.00
99,61

656.
28
111

200
142
9
65
0

57.70

2.77

72.09

15.61

2.50
"0.62
1.22
1.49
4.56
0.26
c.0s
0.03
0.07

2,50 .

10l.01

564
‘10
118

221

125
-4

50

1
2,73
€0.00

81.

[LDO

75.18
14.52
2.58
0.40
0.77
0.47
4.69
-0.25
0.08
0.02
0.05
2.61
100.80

Y+
o kN WD
~J Lu\ rJ

151
'122

62

2.79
58.40
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Table 5 : éhemical analyses of wallrocks about - the Campbell

N4

gold-bearing quartz—muscovite-carbonate vein,"

'Braminco gold prospgcts,,southeast of the Renabie

mine.

Distance from
guartz vein,
Sample number

SiO2
:A1203

MgO
CaO
NaZO
K20

TlOé

MnO
S
‘'L.0.I.

TOTAL"

Ba

Cr

ir

Sr

Rb

Y

Zn

CNi .
5.G.

(AL 03/Y)

(m)

4
18

(wts)

~ (ppm)

54.46
12.86
13.45

3.53

.9.97

2.68

0.50

-1.75

. 0.12°

0.27
0.00
0.30

99.89

57
~42
154

330

31
97

23
3.20
0.41 -

} I‘

{ Traverse suite

2.5

79

38774

14.56

18.67

4.15
13.11
1.93
2.21
1.98

0.00

0.30
0.32
3.87
99.84

468
60
134
349
43
45

205
20 ..

2.89
0.32

- Tt

0.28

: 78—290 ).
1.8 1
g3 " 85

55.23. 59.66
7.20. 8.95
7.17 " 7.76
9,56 = 7.49

11.87 .7.72
2.41 1.93
2.56 3.86
0.37 0.39°
0.00 0.00
0.16 0.14
0.00 0.00
4.10 2.70

100.63 100.60
143 284
360 183

64 284
257 258
‘o 13
46 30

47 59
43 . 207
2.86 2.74
0.30

85

54.75
" 6:72

6.60
8.46
11.10
1..95
+2.59

1 0.36
0.00
0.16

0.00
6.81
99,86

308
281

45'

197
16

45

53
2.81
0.28

50.17

14.77

12.00
7.60
5.00
1.49

2.68

1.26
0.10
10.20
0.00
2. 40.
99.87.

140

287
101
115

39

94
100
£2.85..

0.38
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equation demonstrates that chemical variations are

Y * t
linearly related to Fv's during metasomatism (Figures
: _ ‘ - .

11,12,13,14}).

4.3 Redox State of Iron

»

<

A change in - the redox state of iron (Fe2+/FeT) is a
sensitive indicator of fluid flow through rocks..“In
gener;T, rocks are resistant to sh;fts in (Fe2+/EeT{
unlese 1arge vobumes ef fluid bearing reducing or Qxidizing- S

preactants such as H2 or 0, are present. bKerrich eb

.al.; 1977- Spooner et al, 1977, Studemelster, 1983 ).

-

quies eyiginating at depths of up to ié km are probably
. hot, reducing and Hz—hearihgl(ﬁawkes, lfSOY.l The .
dominant hyerogenfgeneréhing reactibn‘at-depth.iS‘the
dissociation: of water in -the presence of hinerele’with
fehrous 1ronT Accordlng to Eugster and Sklppen (1967),Ithe
buffer reaction for a basalt in equll;brlum wlph water ;sf'

as follows: f . .

. '3rezslo4 + 2320 —>2Fe30, + 35i05 + 2Hp - _ .
- Fayalite Water Magnetlte Quartz Hydrogen S - "

The drastlc reductlon of prlmary ferrlc iron-in wallrocks,

as demonstreted by shlftlng of Fe2+/FeT “to hlgher

- 1 -~

values, implies ekxtemsive interactioh with fluids
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QAINS OR LOSSES(gms/100 gms &1 parent rock)

‘ .A . . -.
Volume factor versus change in major element w,
abundances for the transformation of gneissic
trondhjemite ;b hydrothermally-altered schistose

trondhjemite. { Rock pair : 1255129 ).
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Figure 12
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: "Figure 13 : Volume factor versus ‘'change in major element
" abundances for the traqsformation of gneissic
: trondhjemite - to hydrothermally-altered schistose

o trondhjemite. (. Rock pair : 59 —=>69 ).
*o | .
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' the crust.

..brigtnatinp'unﬁe 1gh temperature reduc1né condltlons
:tKerribh et alL, 19?7- Studemelster,.IQBB}.. Accordrng to:
"the same authors the reductlon of ferrlc iron. is due to

jﬁhydrogen f1xat10n and it can- be approx1mated by the

followlng reactlon:

F€203 + H2 ‘ '—-'-—D-‘ZFeO +. H20.

h.Mlneral Hydrogen- _Mineral Water -

Hydrogen flxatlon in wallrocks takes place in response to -

dlfferences in. equlllbrlum H2 pressune at’ decreaslng

'temperature pressure states,'as the flulds ascend through

Surfage;waters'of,?hahetozoic time in contact ‘with the
atmosphere. are .0xygenic. - As these’ waters percolate or

oonveetfthf0ugh'the lithosphere-oz-and"so4‘2 are

.consumed by oxldatlon of rocks. Spooner et ala. (19f7)

attrlbuted a lowerlng of (Fe2+/FeT) in metabasalts of

" an. ophlollte successlon to reaction w1th descendlng

oxygenlc seawater durlng ocean floor hydrothermal

metamorphlsm.
.\/\‘_// ° .
Thus, 'in hydrothermal systems, rocks regpting with hot

ascending fluids are-reduced as the water is cooled,

_whereas”roEks‘in contact with descending cool fluids are

-oxidized as the water is heated. The latter conclusion may

5

- 88,



'

. "a‘g. .."

not be appllcable for'Archean t1mes, ‘in. light:of different~

N

atmosphermc condltlons from those of the Phaneroz01c

earth., o ’ . . ’ ;: )

l4.4 Results.

_Gresen's eouatlon‘of:metasonatism was used in order 'to’
evalnateathe chariges in naﬁor and minor element '
distribution in the trondnSémitio (tonalitlc) and
'zamphlbolltlc wallrpcks durlnq:the quartz ~- muscovrte -

carbonate - pyrlte - alblte - chlorlte alteratlon.
' e . A ) . - .

: ' - '
' ‘- . ’

*

Two.sample traverses were ln trondhjenltlc, one in_
:tonalltlc, and one traverse was 1n amphlbolltlc wallrocks.
.~Fresh parent rock samples were collected along each
‘traverse at some d1stance beyond . the halo of rocks that

-were visibly .altered by ‘the hydrothermal—mlneral121ng

event.

Speclmens ‘from any One‘travegseff’ gran;t1c" rocks have;

relatlvely unlform A1203/{;Pz ratlo (Tables 2, 3 4,5),

=
elements are emplrlcally known as 1mmob11e elements. In

'quggestlhg 1socﬁem¢cal behablour EOr Al and T1. The/two,'

addltlon, compos1t10n volume dlagrams have- the component

‘lines for Al and Ti cr0851ng the axis of - zero chemlcal

A

change within a very narrowdrangewof values (Flgures 11,

v



IBl._ The volumenfacter; Fv, used’ in mass balance

: : , : .
ealCUletioﬁs of “draﬁlticl.WEllrocke was therefore an
'_average'ef‘voleme feétore obteiped'by solving Gresehs
equation with AXAL = 0 and A XTi = 0 (Tables*‘l6,7,8).' _E‘o'r
similat caltuletione certied out “for the amphibolitie

wallrock traverse, an average of volume factors for Al and

Y was- u5ed (Table 9).

Results of calculatlons are plotted as chemlcal changes.
versus dlstance from vein. The gains or losses are; .
'expressed ln gms/lqo gms_of pareﬁt tock for major elemente;
and in gms/-lO6 gms:of'perent rock- for minor elementel -
Integreting the'area between Zero cheaical chanée ahd the, H
“extrapolated chemlcal change curve prov1des an est1mate of
'tbe net change in element abundaece.. Cons1stent negatlve
'or positive net chem1cal etanges for an element'ihdicetes{

'respectlvely, leaching or addition of the element in ~ .

questlon.
The significant chemical changes .in the composition of the
"granitic" wallrocks (Figures 15,16,17 a,b) .include:

1. thor gains in X, Rb, Ba, and volatiles (320, Cdz,w

2. Major loss in Na.



Table 6 :

Volume factoré, F . for the transformatlon of -
7gneissic tonalite to hydrothermally altered

schistose tonalite ‘in wallrocks ‘about the Renabie.
"~ gold-bearing quartz—muscovite—carbonate vein, at
‘the eastern section of the "C" zone, Renabie mine.

‘( Traverse suites:

!

ROCK PAIR:

Sle.
A1203

Fe,04 ()
'Mgo - .
-CaO .
Nazo'

K20

Ti02

P05 .
Mno ct

. L.0.I.
Ba

Cr

Zr
sr..

Rb

Y:

- Zn

N5

Al o _FTiO )

1.08

1.14 .
1.24

4 l-4é
- 1.25

1287
0.96

1,15

0.79
1.48

1.0k

0.78
0.80

1.00

" 0.89°

0.39

©-0.55.

1,51

0,45

1.15

12

16 —> 17

16'.—)25 Yy
16 —20 -

v

1.03 -

1.04
1.14
1.30

1.16

1.09

0.57

1.08
'0‘-.60-
S1.29

0. 80

0.59
0.62,
ovB0.

0.72

0.20

0.50
1.35"
* 0.28

1.06 .

16 =»21
1.06 .
1.11

1.21
1.15

I.08

'4.03

0.20-

2.00
. 3.0D
0.89

0.17 *
0- 27

17.50

' .0.94
0-80

0.05

0.31

0.52
1.13

1.56

16 —25

1.14

. 1.04

1.05
" 0.90.
0.88
-3.13{
0.20
1.05
'0.85
.0.89
U 0.13 -
0.46
0.65
1.01
"0:89
0.05
0.45
6.72
0.75

1.05 .
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. Table' 7 ‘: Volume factora, F ¢ for the transformation -of gneisaic '

| trondhjemite to hydrothermally-altered schistose
trondhjemite in wallrocks about .the Renabie gold-
bearing quartz-muscovite-carbonate vein, at the 914m

',(3100 £t) level workings, Renab:.e mine.

¢ Traverse suj.te- 125 = 129 ) -

ROCK PAIR: - 125126 125-—>127 125-%»123 ~125 ~»129
A . . . ' F . . .

: 5102 S 0099 1'0.97. Yg | '1.0; i . 0+98
Al0.° . ' 0.99 .. - 0.95 U102 0496
€503 py L 0.9B 1 0.95 "t 0.90. . 1.14.
" MgO | : 1,05 0.95 . 0.96 . 0.89
ca0 7 o131 0 0.93 0.85 3.54 .
.ﬁazo S 1) S 1.3 o, L3 1.38,
K,0 ... . 0.78 - 0.79 0.54" |~ .0.47.
Tio, S, o0.98 | —'0193 o 0.80° o 1,27
P,Os . - 1.00 197 0 1.3 0.56
"MnQ 7 1.2 - :0.98° 0.98 - 3.97
" t.0.1. - . - b.BB .~ '1009 ¢ J0.70 - 058
Ba - . 6.70 . 0462 _ . 0.76 0.57
e - . . 0.60 - | 0-98' ) "'6.90'0 . 0.57
. gr - . 1,01 .  o0.98 - 0.95  ° 1.24
st " o.88 . 0.92 1.55 - 1.247
RB - 0.67 0.90 0.52 . - --0.49
Y ‘ 1.01 0.98.  1.23 . 1.65 .
an . 0.89 1.26 © 0.98 .17
Ni : 0.50 . 0.58  0.42° 0.49
' ‘(A}20§ZT102). © 0.98 - 0.94 - 0.91 - - 1l.12
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*" Table 8 3 VQlume factors, Fv, for the transformation of gne1551c<

' trondhjemite to hydrothermally-altered Bchistose
{trondhjemite in- wallrocks about the Braminco gold- )
bearing quartz—muscovite-carbonate vein, Braminco gold'

i
RSN N prospects, goutheast of the Renabie mine. ( Traverse
| .suite- 59-—969 ) ‘

'ROCK PAIR: - . 59#62' 59#b3 5964. 59265 59366 59967 5969 .
o o . -‘,' - Fv 3 ':
s, 0 .1.03 1l03 0.99 " 1.;04 1.04 0.98 '0.92,
. mo, - 0.84 .0.84° 0:83 . 0.78 .0.74 0.86 . 0.8
'Aléos"' .. 1,06 1.01° 0.99 1.02 0.88  0.95 - 1.02
. Fe,0 3(T) ©.0.95 0.95  0.90 . 0.90 0.80 '0.90 . 0.86
" Mno - 7 0.99  1.00  0.78 . '1.97 . 1.94 1.31. .1.92
" Mgo - . ..0.95. 0.98 ©0.98 0.98° 0.95 0,98° 1.44,
"'cab ¢ /0.9 -0.90 ©0.85 0.85 2.63 : 1.75 . 3.13
K,0 " -0.55 ©0.41  0.35 - 0.41' 0.26 .0.32. 0.30
Na,0 - . 1.42 2,08 2,89 1.90  6.22 3.28 10.25 . ‘
R0 -7 .0.99 0.50 - 0.49', 0,50  0.09 0.16 .0.12 |
L.6.1 . 0.3 0.32° 0,28 0.27  8.31 0.37 1.1l
'Ba 7 1.07 . 1,09 1.07 1.03° 0.77 0.87 0.00
"cr: 77 0.55 1.66.7 0.00 . 6.92 - 0.16  0.49 - 0.20
2 -0 - 103 104 . 0.95 1.03 0.97 0.97 0.48
se. - .0 1.3 . 1.07 329 0.96 - 1.37 1.23 1.16 .
Rb . 70,42 0:28 ©0.97 . 0.19° 0.22 ~1.40 -
Zn - . -0.61- 0.46. --0.55. - 0.29° 0.43  0.57_ . 0.22. '
Cmi - 7107 - 1016 0092 c0.7L . 4.53 13.79 © 0.45
lezd3ﬂ'Ti°2)', ' | ".-.__ :_ S >.:; - 7 .‘“,.‘ :
5 ~§J °f9§ ©0.93 "0.91  0.90 0.8l 0.91 ; 0.95




Table 9 : Volume factora, P. - for the transformation of foliated
| ) metabasalt to hydrothermally-altered chlbritic schist
| in wallrocks about the Campbell gold-—bearing quartz-
carbonate vein, Braminco gold prOspects, southwest of
“_the-Renabie mine. ( Traverse suite: 78 —990 ).

-

- ROCK PATIR: 78 —>79 . 78'—)83_" 78 —>85 78 -—>86 78 290

sidzl‘ | 155 _1.10_-.‘-v :1.05 $1.13 - .1.16
AL,0, . 6.97 - 1,99 "« 1.67 2.17 © 0.97
Fes03my 0.79 "jz.oq.j; 2.02 - 2.32 7 - 1.07 .
_MgOV . 0.94 " 0.34- . .0.55 - 0.47 . -~ 0.52
‘cao . o.84° 0,93 1.50 0.86 - 2.23°
. Na,0 - ‘,'; 153 1.2 T 0.79- L5 0.64
k,0 .~ 0.15  .0.50 | . 0.40° .. 0.35° 0. 49
Ti0,, . 0.97 - .5.29 5.24 . 5.53 . 1,55
onsx G PO .  :3_—! .“ f - -"". 1.34
Mio - . - . 0.99.. 188~ 2.25 _+4.92 . 151
L.0.i. 0 0.09 - "0.27 . 0.13:° © 0.05 0.46
BAa . 0.13 . © 0.44 . 0023 0.21, 0.45
e . Je.mm 013 . o0.26 .0 0,27 ©0.16
gr .. 1.27 2,69 . 0,63 - °3.89 1.71
Tse o+ 1l.oa - l.aas 0 Liag 1.90 3.22
Rb. g0 ... 0.00- 000 0,00 0,00

y S 0.76  1.99 ~ .1l.90 'QQiLBS ~1.51
gn . - o.52 0 2,30 - 1.920  h2.45 © O L1.15-

NiG . 1.27. ~o.s9 .  o0.12 . 0.45  0.25
'(Al‘203‘+ X)
T ) )

-

0.97 - . . 1.99 S 1,78 2.06 S 1.24
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In some wallrock séctions Ca‘is quantitatively leached,
N . R o " 7 . .
wh@reas in others this elemént is added, suggesting local

leaching and then precipitation elsewhere as carbonate

Tinerals.

, 3
The trends for most other elements are not consistent
between suités, éuggeéting that changes in these el;f@nts
‘aré locally controlled. |

w . ) t N

The significant changes in compositfon of amphibolitic
1 i .
wallrocks (Figure 18 a,b) -aresw .

-

1. Major gaiﬁs in $i, K, Mg and volatiles

2. Majpf loss in Na; Fe appears to have been leached from
the outer zone of the alteration envelope éhq
precipitated adjacent to the vein.

J

Changes in the’abundance of other elements are
insignificant.

The redox state of iron was determined for hineral._
fractions of "granitic" wallrocks collected in the same
manner as for mass balance calpulations, using the modified

Wilson (1955} cold acid decomposition method (APPENDIX 5).
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ReSqlté,bﬁithe determinations of tﬁé'}edox state of iron’

" aie_plétteq against:distahée_frdﬁ.the vein'(figurés"
19‘,-2'0,2.1‘).' In all thfée .tra\}erses there is ,ar.l overall
.tfend Eowards.highef (éezngeT) in;?opks Fhat have

fséen gighificéﬁtiy;Hydrothefmaiiy altered. '_ | e

)

w1,
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Figure 19 : Redox state of iron,tFé%%YFeT), in wallrocks

about the Renabie gold-beéaring quartz-muscovite-
. carborrate vein-in the-eastern section of the ;Cﬁ
zone, Renabie mine. (;Traverse suite : 16 - 25 3.

INTENSITY OF KYDROTHERMAL ALTERATION

REDOX STATE OF IRON (Fe2+/FeT)
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""_F‘igﬁfe :2'0l :‘Redox' state of iron, (Fe2+/;E'éT_) . iﬁ:"W‘a'iliibcks".
— _ ab,o'ut' the - Renabie go:ld—beariﬁg' qtiélrtzﬁmus_'c':q_v::i_.té:
carbonate ‘vein'at the 914m (3100£t) level
workiﬁgs . Rena'bi_e 'r_niﬁe. "{ Traverse sqitei.. 12'54'129 P
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‘Figuré 21 : Redox state . of iron in wallrocks abéut the

"Braminco No. legqid"beéring'qqartzfmusqovitéf".' I
carboriate vein, Braminco gold prospects, soutlieast

‘._of”%he ﬁenabie‘mine; ( Tiaye;Se;suité: SQ - 69. ).

REDOX STATE OF IRON (Fe2+/FeT) .

'INTENSITY OF HYDROTHERMAL ALTERATION.
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'CEAPTER 5

 FLUID INCLUSION AND OXYGEN ISOTOPIC DATA

5.1 Gene;ai‘Statement' - o e e

’-The purpose of thlS chapter is to prov1de estlmates of the.

.temperature, den51ty and comp051tlon of the- hydrothermal

flu1ds respon51ble for gold dep051tlon and - alteratlon of

b

wallrocks abopt;goldrbearlng quartzgvelns, as well as to

~provide evidence regarding their source.

: .
o

'5.2. Fluid Inclusion InVeStigation : . ‘ ' ‘ ~
L T . N \ ' - ) . . 4 '

 ‘5.2.1 Background

’ The.appllcatlon of fluld 1nc1u51on 1nveet1gat1ons to
-geologlcal problems has been the subject of numerous
studles since the. middle nlneteenth century (Sorby,

"1858 Smlth 1953); Fluid 1nclu51on examination began

‘“_w1th the search for the com9051t10n of ore- formlng

"flu1ds and the condltlons of gene51s of mlneral
‘depOSItS Today f1u1d inclusion work,'excellent_

.. reviews of whleh are glven by Roedder ! 1972 1979;i WP

1981);has become'angimportant tool in geochemical

N



. exploration. Unless othernise.noted the following

discussion is based on Roedder's summaries.

[
>

When a mlneral grows or recrystalllzes-ln a flUld
medlum,lany process that hlnders the growth of perfect
~_crystals may result in the. trapplng of small portlons
of the fluig w1th1n the cry;tal If this fluld is
'trapped durlng the formatlon of the enc1051ng crystal
the result is’ a prlmarz fluld 1nclUS10n.‘ Secondary
'1nclu51ons form when later and entlrely dlfferent '
£luids become trapped in oracks durlng fracturlng or.
_,recrystalllzatlon. A flu;d anlu51on whlch becomes-

‘sealed off in a heal1ng fracture before complete

formatlon of the hostlng crystal 15 called

.peeudosecondary.

#

'Q-Thus, flu1d 1nclu51ons represent mlcroecoplc eamples

of ﬁlulds assoc1ated w1th the geologlcal hlstory of

the hostlng crystal.

.

‘ .

Dietinction of types of £luid. inclusions is of

fundamental 1mportance. Thls 1s because the- time -
elapsed between the trapplng of prlmary and secondary

1nclu51ons, sometlmes mllllons of years, may result 1n

.1nclu51ons of extremely d1fferent compoeltlons and P T o

.histories, .Unfortunately, the inclusion’ S_OElgln

7109;_"

T
< .



few microns (#)}, and exhibit divergent behavibhr

cannot always be ‘inferred w1th certalnty because of
lack of genetic §nformation. Thecmost 1mportant sug-

gestive criteria for assigning a primary origin is the

absence of .any planar arrangement. Primary inclusions

‘can be réliably identified if they can be related to-

growth -phenomena. Secondary inclusions usually mark:

' ¢ - . . . . . h ]
healed fractures, are small in-size, on the order of a
N

during heating-or_freezing‘runs, in relation to nearby

primary inclusions. Pseudosecondary inclusions-are in

“many. cases associated with fractures or dislocation

-

surfaces that can be traced to’ an abrupt endlng w1th1n

»the crystal o oL S

Of importance'in the applicatlon of~fluid-inclusion .

“‘résearchy is whether necklng down or leakage has

occurred. Necklng down’” is the process dur1ng which-

large ihclusaons spllt into a series of smaller ones.

if-several liquid and/or‘gas'phases have been

‘equ111brated in the orlglnal 1nclu51on, Ehe resulting

1nclu31ons will exhlblt uarylng phase ratlos and a

spread of mlcrothermomecrlc data. Ch0051ng 1solated

.inclusions to‘wcrk on would eliminate'inclusidns that-

aa

“mlght have ‘necked down. Leakage is the

non*lsochem1cal add1t1on or removal of 1nclu51on°.'



materlai between trapplng and'experlment _ Some :
'1nclu51ons have been shown td have leaked under
conditions that“do-not represent those of narure. 'ihé
systematlc varlatlon of - results - from flu1d inclusion -
studies of zoned single crystals LRoedder, 1963) and’.
:ﬁhe demonstrated endurance of Coéjrich'incius1ons‘to
severe fnternai.pressure at high temperaturesﬂ
(Roedder, l965§, constitute the.prearesr evioence_f'

against,significahoe’leakage.

The trapped flUld may be homogeneous, carry solld
particles’ ‘tn suspen51on, or be composed of two. or more
~immiscible components ‘or have a gas phase (i e._: .
l“h0111ng flu1d) Wayer, w1th rare exceptlons, is .the
' dominant.constituent..nfhe total dlssolved salt.' .
}content is usually expreSSed in terms of "equ1valent_
welght percent NaCl" and is referred.ﬁo as'“sallnlty
'After trapplng, the inolusion folIows'a:eooiind-and'
preSUmably 1sochor1c and 1soden51ty path and it may
-evolve 1nto a multlphase rﬁrlu51on The phase
transition or unmrxlng.occurs pn;the;soivus-Of the

.corresponding chemic¢al system.

-A trapped aqueous brlne may evolve a vapour “bubble

'beCause of: dlfferentlal thermal contractlon of the
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host crystal and the flu1d.- These 'bubbles" should be

dlstlngu1shed from the prlmary gas trapped from ‘a

f-éZ{hOrllng" fLuld._,'- R ' -

.If a. H20 - C02 flu1d was trapped at elevated C_ .
temperature, it may unmlx below 300°C, due to H-0,-
c02 1mm15c1b111ty, and separate C02 1nto a second
f1u1d phase. If the C02 Concentratlon 1s hlgh

“enough, or if the C02 partlal pressure exceeds 75

bars, gaseous C02 w1ll separate USually below the

crltlcalppo;nt for pure CO5 4 31 c.

.Regularlty both of phase volume ratlos angd
mlcrothermometrlc data prov1des the best ev1dence

avallable that ‘the orlglnal fluld was homogeneous..““

‘Decreasing selubilityaduringfcoeling may result in

'saturaticn_uith respect to'the-solutes and -

hprecipitatidn'pf'daughtergﬁinerals.

' The’ comp051t1ep den51ty and é =T . condltlons of the "
:1ncluslons céh be, deduced from unlvarlant phase
‘tran51t10ns observed durlng coollng and heatlng
,experlments aSSumlng that the 1nclu51ons retaln
”ccnstant volumesf“ The temperature of homOgenlzatlon’

of;the.inclusieh (TH) on heatlng can Be used to
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1_est1mate the trapplnq temperature. TH represents'a~

'm1n1mum trapplng temperature and a pressure correct1on

must .be’ applled to compensate for the pressure

'dlfferéhces between the experlment and the trapplng,

and. ﬂpr the sal1n1tygof the fluld. ~An 1ndependent-

’ estlmate of pressure or temperature can be’ used for

presszfextorrectlon. Pressure may be evaluated from

-.fluid 1nclu51on studles 1n a 11m1ted number of cases o

™~
f

(Roedder and Bodnar, 1980). Sal;nlty can be estlmated

by freeiing the‘inclusion‘and recordlng'the

temperature'at which melting of the'froien inclusion,
occurs.A The meltlng p01nt is related to the

COmp051tlon of the dlssolved salts. .In C02 -

'_bearlng anlu51ons, the clathrate compound, Carbenf'

"clathrate meltlng p01nt, prov1d1ng an estlmate Eor the'

-dloklde hydrate (C02 5. ?S H2O)'forms upon

freezlng. - When pure, thlS compound melts at about

' f+10 “C (Colllhs, 1979) Solutes present depress the'

-'sallnlty, for the case of C02 - 1nclu51ons.

present.

However, methane and solutes exert opposed effects on .

'the clathrate melt1ng behav1our- ‘thus meltlngbp01nt

data from COz-bear1ng llquld 1ncluSions:are.not easy

to-interpret without: 'knowledge of the gas species

'

e
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Coollng COz—rlch 1nc1us1ons to temperatures as low

- as -BO°C causes free21ng of the COp phase. Melting

M

3!

‘triple .point (Weast,. 1974).

of- SOlld Cozr'upon heatlng, in equilibrium with

llqu1d and vapour C02, at a temperature of T =.

,—56 6°C, is. the-best lndlcatloﬁ\yet avallable in flpld

1nc1u51on research, of the purity of the COy— phasé{-

" The temperature (T —56.6°C)_where three CO» phases

. (SOlld,:llQUld, vapour) coekiSt,is_knoWnlas,the CO,

-

[

-

Ihe values obtalned for homogenlzatlon temperatures

and sallnlty .can then be compared to experlmental
results on fluld phase equlllbrla systems- H20 +

NaCl (Sourlrajan and Kennedy, 1962),.H20 + COy
(Takenouchl and Kennedy, 19 4), H20 + C02 + NacCl
(Takenouchl and Kennedy, 1965- Gehrlg et ai., 1979
Hendel.and Holllster, ¥98;) 1n,order‘to infer trapplng‘
eonditionslii e:;“beilind"‘ -l1mm15c1b111ty") or

1nterpret homogenlzatlon behav1our.f'

5.2.2 -General Microscopic Obseratiqgs

P

Numerous inclusions tend to be aligned aléng

microfractures, or in planar arrangements, which could

_ - . . ) - . v

be observed‘by rackfng the stage.of the microscopé up

and down.-fNo-evidence could be found as to whether
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these planes represent original grifﬁh planes sf'
healed fractures. Eurthermore, the eompIete laek'of‘
zonal arrangement masked any po§51ble chronological .
1mplrcat10ns; .However, large and randomly dlstrlbuted:
i%clusions are commonly con51dered-;o ee‘earller'than.

those exhibiting‘iinear arrangements (Touret, 1981).

b .

I

In most cases of linear arrangements the 1nclu51ons

vary 1n size and/og phase proportlons, thus supportlng

a secqndary orlgln. 1501ated 1nc1u51ons, at dlstances
several times their dlameter from other 1nc1uslons,wor' ]
N : . . s . ‘ M ' . " ‘
for which no evidence of secondary origin was
. : p o o
. recognized, were considered to be primary or !
pseudosecondary,
. : i .
S -

\

s

Occasio ally-inclusions were observed that‘nad
pﬁ?tiﬁ{f;ineeked.dewn:-iLarge and sometimésidark‘ o .,‘ o
inclusions with.higniy irregular ontlines‘and'
inconsistent phase ‘ratios aestlg exhrbited;abnOrmalﬁ
beha;iour during heating and freezing'runse This was_‘

interpreted as a sign of leakage..

. e e e
[ -
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'5.2.2a  Inclusion Types

The classifidation scheme.empioyed here is based”on
: phase relatlons at room temperature.- Three'Main types

' of 1nc1u51ons were dlst;ngu1shed-
TYPE I

.Three pheeeiqoznf‘bearing_inclusrohs (PleteKG;l),.‘ ‘ -d;
éontaihing‘an.oUter'aq edue'iiQUid phase and.ihner.
.iiqgidicoz‘phaée with eseoeieted-geseoue-éoé ;.

vepour bUbble;-cohstitete the prindipal type;‘-Cooliné

. 1nduced the nucleatlon of a C02 - vapour bubble in '

,some two phase. 1nclu31ons that are associated W1th the

'three phase one; - Thus, these metastable lnclu51ons : )
:werefalse'clessiiied as type I. |
The 1néﬁu51ons that were studled ranged in size from 9
to 30#11n thelr longer dlmension, usually they
“approach shapes of negatlve crystals._
The-COéT—~phasé.(liquid and gae) gehereiiy'fills
“10425%‘of.the inelusion veldme; the_remainder beinj
..occupled by sallne water.‘ However,'inéluéions withl
'j_hlgher C02 contents (30 50% by VOlume) (Plate 6 2) .

_'were also present.

. | s d , " f”“f\\(

9
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Plate'S.l

--Type I three phase CO

_Mlcrophotograph-under plane polarlzed light, . -

+ b
: k -
~ N -t ' . ,_/’_'
. : A . - X
.

z—bearlng £luid. 1nclu51on‘

contalnlng an outer aqueous llqu1d phase (LH O,
2
and. ;Efer llquld CO,phase (LCO ) w1th

assocmated gaseous COZ-Vapour bubble (v co ).
5"

-y,

-
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tPPaSe-(Lﬁéby and inner_liquié'Cszhasel(FCO-y

v

—{

Y

: Typ§ I three phase Coa;beéring flpid

inclusiens containing an outer aqueous*liquid

‘ : ~ S 2
with associgted'gaSE6u5‘Coz—vapOur bubble
coz")"‘ A . .
Microphotograph under piéne polarized light,
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.- TYPE IL

' One phase 1nclu810ns eohtalnlng approxlmately 160

volume percent COZ W1th a- p0551ble 10 volume percent
_of undetected water (Plate 6 3 a). hese 1nclu51ons
were 1nt1mately assoc1ated W1thttype I‘and‘they l
occa51onally exhlblted negatlve crystal shapes wlth'”
thelr larig; dlmen51on ranglng ﬁrom 6 to 25 Mo

. —~

'Locally and less frequently, dark C02-r1ch
.1nclu51ons {70~ 90% C02 by volume)‘were observed .
xbplate 6.3 b) ‘The ex1st1ng waten phase adheres as a
. thln fllm to the cav1ty walls and may be easlly
overlooked 'Homogenlzatlon and Eree21ng p01nts were
dlfflcult to 1mp0551ble to observe and thus no data

K

' are available from this class»of 1ncluslons.

TYPE III

Two fluid-phase ihclusions containihg iiquid-saline“

water plus 10-50% water Vapour or water - carbon,
':dlox1de vapour {Plate 6. 4)\& No'clathrate-formatlon':
'was detected, indicating a very low C02
concentratlon, or COZ could have_farled to develop é‘
separate liquid'phase beoause'it'was inittally‘under.

1ow'pressure ( {75 bars). Type III inclusions were -




b+ , .. o

. . L . : -
- Plate 6.3 a : Type ﬁI one: phasé fluid- inclusion containing
2 ‘Peo) .
Mlcrophotograph under plane polarlzed light,

llquld co, (L

‘Vertlcal bar represents 54

Plate S.B_b : Type II C02-r1ch fluld 1nc1usions contalnlng

] llquld CO2 (L. ) and minor llquld water
_ . C02

(L, o)
H,0°

.Mlcrophotograph under plane polarlzed light.
.. Vertical bar represents 5pu .

-

<
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'Plate 6.4.: Type III two phase fluld 1nclusmon contalnlng

llquld water (L ) plus water vapour (Ve ).
' H20 2O
S Mlcrophotograph under plane polarlzed llght 2

L4



Sp

T

L
HZO

MY

125,



" T 126,

generally subrounded'to dylindrical and those studied
ranged in size from 10-30 # in the lénger dimension.

Rére, two-phase inclusions‘consistingfof large amounts
of vapour (60% by volume) -accompanied by small amounts

R ]

of condensed saline wéﬁer'weré‘included-in thié'typé.
%;;igystematic'distribution'of:fluid inclusion types‘in_'
relation Eo particular veins,‘br-bétween SPeéific
quartz grainé within samples was obsérvedt No
daughter minerals were observed in any of the tyﬁeS‘
of inclusionét denoting low soluté COnceﬁtration.

.

5.2.2b Observation of Homogenizatién Phenomena .

~When heated, type I inclusions frequently becomerdark
before homggenizidg and. low iﬁdex vapouf couid be . |

_observed filling the cavity and/or cracks on the
cavity Qalls. This phenomenon was determined to be
non-reproducible, proving that ;he inclusions had~
decrepitated. Decrepitation is ﬁhe fesult of the
isochoric rise of-the internal'pﬁesgure, as the
inclusion is heated, to a point exceedifig the
mineral's strength. It répresents a minimum
homogenization temperature and provides evidence that

the inclusion is at high internal pressure.
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The CO, phases (liquid and gas) homogenized to the
liquid at all times, with the central bubble shrinking

to disappearance.

On heating to total homogenizatioﬁ, two kindsrof
behaviour wqfe observed, Most type I inclusions and
all type III inclusions homogenized in the outer
aqueous liquid phése. The inner'C02 or Hy0 -

CO, Phase graduaily grew smalier until it
disappeared. Before disappearing it began moving
vigorously and went out of sight, either having
homogenized or hidden behind the cavity walls. This
was the last that could be seen of the central bubble
and it was taken.és the homogenization teﬁperature.
This' point can often only be approximated within 5°C.
A seCOﬁd tﬁpe of behaviour was noticed in a limited
number of type I inclusions, whereby £he inner C0;
phase grerQarger on initial heating and then
maintained a consﬁanp volume through much of the
heating; thg miniscus thén became hazy and at a
temperature a few degrees higher disappeared without
any appreciable chafge in volume. Roedder (1972)

‘described this as critical behaviour.
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' 5.2.2¢ Obserﬁaﬁion‘of'Freezing and Melting Phenomena

‘On COoiing:tyge-iI inelusions:heiowfoic a second fluid
phase, presumably C02 gas, separated."On further
‘coollng to a- temperature as low as —80°C the llquld
CO, froze to an 1rregu1ar crystal aggregate and the
C05 gas phase became oval shaped. When the
inclusion was slowly heated up the temperature~at
whlch ‘the frozen Co, began to melt, and llquld CO,
was observable around the gas bubble, was recorded.
_)/// : | ‘ | .
On cooling. type I inclusions to about ~40°C,. thd Hy0
- €Oy vapour bubble.ehanged to an oval_shape,'with
concemirant'reduction in volume. A plate-like crystal
‘formed-almosf simultaneously, projeeting into the
outer agueous phase. After a short p{ae the outline
of the distorted bubble became jagged and .coarse
indicating the formation of CO; - hydrate
-(clathratei (Collinsf 1979). On further‘cooling the
aqueous phase ;urned into a granular mass of ice
crgspals and the'inclusion appeared nearly opaque.
For some inclusions this\ﬁdeuble.fréezing“ (Cdllins,
1979) was not completed unless cooling was continued
—80°C. No solldlflcatlonlof CO» could be observed

if the temperature was further drOpped.
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Measurlng the temperature of clathrate meltlng proved
very d1ff1cult dueto the 51m11ar1ty of refractlve
indices of the C02 - hydrate and of the. agueous

solution. The temperature of - dlsappearance q;g;bé

" jagged interface in the presence of l1qu1d COZ .and

COqy Vapour, was . recorded as the decomp051t10n

temperature of the clathraee.

'Formation of translucent aggregates.of small ice

crystals was easi}y‘petected onAfreezing'type I11

¥

Before final melting, the vepour bubble could- be
observed adhering to the lastiice*crystalf which was

in motion inside the inclusion;“'The.stopping of this

-motion combined with the disappearance of the crystal

was recorded as‘the,ice melting point. - ) -~

5.2.3 Results

kY

Two-groups, A and B, of the abz ~ phase (liquid{'
vapour) homogenlzatl n temperatures, THC02 - G
are very well-defined 1n Figure 22. Group A con51sts

of 41 type I inclusions, most of whlch homogenl ed

between +15 and +30°C, witH a mean'THCOZ' f-
+24°C (*£2.3). Group B is characterized by type II

.'\a .
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inclﬁsions with fﬂcoz betweenl0° and +10°C,
and a clustering of values around +3.2°C (*0.5).

| N
The.molecular proport® of the Cd2 phasé;has been
determined to be approximgtely 10 molet (21 weight%)
lfor THCo, between +15 and +30°C and 20% COj
phase u51ng ‘a method after Burruss (1981) (APPENDIX
4). For . inclusions with a-maximum of 50% C02 phase
a“d\THcoz rangidg Sgtween +15 and +3ooc, the
molecular proportion rises to approximately 20 mole%
COp. In apparently "pure" COj inclusions which
homogenlzed between 0° and +10°C, 7 10 moles H,O
might be present. The largest component of error in
determining mole fraction of CO5 Using Burruss'
(1981) approach is in the visual estimation of volume
percent C02;

Figure 23 summarizes melting temperatures of salid
$
COyr TMco,’ from type II inclusions. Most

of the values are concentrated around a mean value of
- - o + ° . . . ' ’
TMco, 56.8°C*0,1°C, indicating that the

'CO, phase is pure.

Clathrate melting temperatures presented in the
histogram in Figure 24 have a mean Tgcg, Value

of 7°C. The ice melting temperatures plotted on the

N
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Figure 23 : Ilistogram of melting temperatﬁres of -
. solid _COZ’ TMC02' of type II fluid

inclusions.
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Figure 24 : Histograms of melting temperatures of

COz—hydrate(choé) and ice(TICEz of

-

. " type I-and type III fluid inclusions.
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same figuté are only from type III inclusions‘and show
a‘méan Trcg OF -9°C., The presénce of dissolved

salts iéﬂevideﬁt'by the "depression” of the melting
temperatures of boﬁh clathrate and ice from their
“normal“-ﬁelting temperatures 9f +10°C and 066,
respec#ivély; :If CHy Was pres;nt in substantial
amounts:in theliﬁciuéions it wouid introduce soine -
ambiguity as i; would apply'an_dpposing effect to.the
clétﬁrate mélﬁiﬁg'boint'compared to the NaCl gffecta

. . ) . . ) +
choz_values are in a limited range between +8

and +6, corrésponding to éaliﬁities_of 4 to.6 wt.%
NaCl equivalent.

© Type III incldsions have salinities between 9 and 16
ﬁt.% NaCl équiyalent as suggested by tﬂe-ice Telting
tempefatures,; The mélting peak at —9ifl.4°clﬁ§
__conéistent with the presence of 11 to 13 ﬁt.%~NaCl
equivaleﬁt in the fluids trapped in type IfI
“inclusions. The salinities measured in this study
have been determiﬁéd;using saltfdepressed curves

(Figure 25).
‘Table 10 shows the densities of the CO, bhase for

the corresponding THCOZ (based on Figure 26,

~

after Roéddér, 1965). . Also shown are the estimated
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-

Figure 25 : Curves for _depr'essidn of Cozhhydratg
(AB; after Bozzo etal., 1975) and for
. ‘depression of the fusion temperature

of ice by NaCl ( CD; after Roedder, 1962 )
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lFigure 26 : Experimental solwus of the pure 002 system.

‘( after Roeddex, 1965).

ONE PHASE REQION -
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bulk densities of inclusions with the Coz/Hzol

ratioé observéd-in typefI and"II inclusions. Th;»bulk
densities of the inclusions were.estimated based on
the densities and theprelative volumes of the various
phases present.in the inclusions (éstimaéeduvisually
at room temperature);'as suggested by Roedder (1984),

considering an inclusion volume of lem3,

Given a type I inclugion wféh a volume ofliém3
containing 20% COp with a density bf,O.?ggr/cm3;
and 80 vol.% HpO-NaCl solution wiﬁh a.deﬂsity Qf.
1.034gr/cﬁ3, the bulk density méy be estimated as

follows:

Weight of the CO, Phase = 0.2cm3 x 0.759r/cm3 = 0.15gr
Weight of the HoO-NaCl phase ='0.80m3 X 1.03Agr/cm3
= 0.8gr. |

Density of the inclusion = 0.95gr/cm3

Based on the premise that the most common primary

inclusions are type I with 20 vol.% CO,; and mean

‘ = + o ' L. .
THCO, 24°C, ‘and type II with 90 vol.s CO,

and mean_THc02 = +3.2°C, the results shown on
Table 10 indicates that two different fluids with COj
densities of 0.75gr/cm and‘O.QSgr/cm3 were trapped

in ‘the vein quartz. The possible relation between
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these two fluids is discussed in éhapﬁer 6.

Figure 27 presents measurements of hoﬁogenizatibn and
decrepitation temperatufes Ty and Tgp, respectiﬁe;y
obtained from type I and ;ype III inclusions. The
distribution of Ty values for type III inclusions is

somewhat exaggerated as reliable data were easier to

. collect from simple two phase inclusions. Inclusions

rich in carbon dioxide homogenize at temperatures
higher than 220°C, to be clearly distinguished from
adueous two-phase inclusions which generally

homogenize at temperaﬁures between 220°C and values as

low as 120°C.

The CO, ~ rich inclusions fall clearly within two
groups - group I with mean Ty = 232 T6.5°C (n = 17),
and group II with mean Ty = 311 + 3.9°C {(n = 13).

-
The rest Qf the values show adwide scatter but tend to

be dis'evséd about p II.
apeybed sbout grovp

Decrepitation temperatufes Tp show two narrow
maximums. One is below the grou§ II peak (Tp = 271
t4.5°C), n = 10) and thé second coincides with the

group I peak (Tp = 229 * 3.8°C, n = 8). This is a

good illustration of the fact that many inclusions

decrepitated before homogenizing;
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FPigure 27 :'Histograms of homogenization and decrepitation
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'Homogenization'temperatUresrfor.type I1I inclusions
" 'show 'a wide spread (mean Ty = 161 *25.7, n = 78).
These reéults suggest that the type III inclusions

constitute a large group of secondary .inclusions.

5.3 _Oxygen Iso£d§e Abundances . . . | i
lStéblé‘hfdrogen and o;ygeh isoﬁope examination of
natural waters, élong with flﬁid inclusion work, have
illuminated the Qariﬁus_sources of HZO'invgiﬁed in
ore depbéition and hydrothermai altération_(Taqur;
1974, 1979). Genetic terms for different kinds of
 water are'meteanic, seawater; éonngte, metamorphic,
m@gmaticwand juvenile water. (White, 1974). Each of

these types of water have characteristic hydrogen and:

oxygen isotope compositions..

The oxygen isotope'compositions are reported ass
R =_6180 where

R sample = R sample -1 x 1000 (0/00)
R standard

and R sample is 180/160 in the sample and R
standard is the appropriate ratio in a set of ocean

water values, named Standard Mean Ocean Water (SMOW)
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by Craig {1961).
)
If the teﬁpératﬁre of equilibration'can be
'independénply estimated, the & 180 value for water
- in equilibrium withla particular mineral can be
calculated. The fracticnation factor or isotobic
paréiéioﬁ coefficient ig;solely'temperatu;e controlled

and follows a.l/T2 dependence (Taylor, 1979).

Clayton et al. (1972) exﬁerimentally determined the.
oxygen isotope partitioning between quartz and-water,

AThe quartz-water fractiona;ion equation in the 200°C

to 500°C temgerature interval is as foilows:

&

[+
1031na0t;—H20 = AQtz-H,0 = 518045, , -5180

= 338 (105172) - 3040 where

"« = fractionation factor for quartz
and water.

A Qtz-H,0 the difference in §18¢p between

PF . ‘quartz and water -in equilibrium.
T = temperature of equilibrium, ©k,
. / | -
The oxygen isotope abundances flaootz Of quartz
separates from gold-bearing quartz - muscovite —

carbonate veins (six analyses) from the\Bgiabie area

(J
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-

(Table 11), as we

1 as é barren vein (one analy51s)
from the same area}A ere analyzed 1n an attempt to "ﬁ
decipher the orlgln of the fluld respon51ble for vein
formation and alteration of wallrocks ab;ut veins.

The 51800£; val?es_are be£wée@ +9.4°490 ang

+11.2%/00., . | . 'i |
: .7./f

The temperaturé durihg the formation of the quartz

veins was between 300°C a&d 470°C as attested by

homogenization temperatures of fluid inclusions and a

hydrothermal alteration minefal‘assemblage that
corresponds to lower greenschlst fac1es metamorphlc
conditions. Substltutlng.flsogtz =9, 40/00 to
11.20/00 énd'% - 400°C into the guartz-water
. :
fractionation equation of Clayton et al. (1972), the
-5180H£O is between_S%&aﬁa 7% Uéing 350°C as |

>

the formation temperature slightly decreases the

g

Al
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Table 11: Oxygen isotope composition of quartz, alBOQtz, o,
from gold-bearing and barren veins in the
Renabie area,”
) A ) 9 ¢
PROSPECT | SAMPLE No - 185 |
. - b otz °
1) Renabie Gold mine . '
Renabie Vein: N X _
- wer Zone J L RN-22 +10.2
. - . .
458m (1250ft) level i RN-31 +10.7
RN-36 + 9.4
914m (F1v0ft) level | . RN-122 1410.9
/ | RN-125 +10.6
2} Braminco Gold Prospects : ' N

No. 21 Vein: . ' RN-71 11,2

2} Renabie Mines Gold Prospects - '

Barren quartz-Veln'\ -, RN-42 + 9.9

i

A -
4..‘/
.,

T .

A

>

‘Analyst: Geochron Laboratories, Cambridge, MA.
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CBAPTER 6

DISCUSSION

-

6.1 Grade of Regional Meétamorphism

The batholithic focks at the R;nabie mine area are
chafaéterized by an epidote - carbonate - muscovite -
chlorite - biotite - hornblende - quartz - albite -
oligoclase - ahdesine-assemblage. This assemblage appears
to be in textural and chemical disequilibrium, as suggested

by the following criteria:

1. Subhedral plagioclase 1ath$'are mottled with fine
grained sericite, .epidote, carbonate and quartz (Plate
2). Compositionally zonedfpiagioclase has a mottled
oligoclase interior and a,fimlof albite (AnS5) (Plate

2).

2. The biotite and hornblende are partly replaced by chlo-

rite with or without guartz (Plate 2).

3. Fractures filled with carbonate and muscovite, with or -
without gquartz, transect trondhjemitic and tonalitic

rocks.
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The ehlorite - ca;bonété - muscovite.; albite - quartz
éssemblage, that appears to overprint a pre—exiéting
biotité - hofnblende - quartz - plagioclasé‘assemblage, is
typical of the chloFité subfécies of the'greengchist fapiés'
{Turner, 1981). Therefore, the afofementioned criteria
suggest that regional greenschistAmetamorphism‘retrogra@ed

the batholith. The dégree of metamorphism ranges from

~incipient to intense and the alteration mineralogy sdggests

the involvement of -a carbon—dioxide—bearing fluid.

The mafic-volcaﬁic rocks up to 1000 m from the batholith
also consist of a mi:Lral assemblaﬁe that appears tg.be
gharacterized by replacement textufes, reaction rims around
miﬁerals, compositionally zoned minerals, .and generally aﬂ
lack of intimate intergrowth, Textural and compositional
disequilibrium is suggested by the following criteria:

1. Poikiloblastic ho;nbfzﬁde that commonly has serrated
margins and a surrounding halo of carbonate, or
.carbonate, chlorite.and quartz (Plate 1). Hornblende
prisms that have a preferred orientation parallel to
the general foliation are characteristically crosscut-.

by chlorite flakes (Plate 1}.

2. Amphibole is zoned (hornblende core, actinolite rim)

{Plate 1).
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3. Hornblende is cross cut by fractures filled with

epidote or carbonate and with or yithout'chlofite

(Plate 1). }/) L K

4. The composition of plagibclése is variable raqgizg from

andesine (Aﬁ32} to albite_(AnS).

L

These criteria suggest the\oye;printing éﬁ a chlorite -
carbonéﬁe - actinolitejé'albite,Q guartz assemblage on a
pfe—existing hbrnblendg - eﬁidote - oiigdclase to andesine
plagioclaée - quértz assemblage.: Thé\éséoﬁiation ot
hornblendé,with plagfoclaéé of-o;igoclése‘to andesine
'cohﬁosition andIWith epidote'is'diagﬁostic.of medium?grade
‘amphibolites (Winkler, 1976) (epidote - amphibdlife facies
according to Miyashiro; 19733. -Actinolite coexisting with
chloriﬁe, epidote, albite and quartz characterizes Tow (~>

{

' Therefore, the aforementioned criteria indicate that medium

temperature low—g;ade greenschists (Winkler, 1976).

grade aﬁphiboli;es were retrograded to low-grade
;greenschists, during'regionai-greehschist.metamorphism,
The resultant minerayogy is‘similar to'that'within the
batholith that waé éséribed above to retrogressive

»

metamorphism.
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( 6.2 Chemical Composition of the Ore Fluid
The associatlon of gold with tellarldes and metal sulphldes
in the Renabie and Braminco 21 quartz - muscov1te -
carbonate veins provides evidence that gold.was transported
in solution together with other rare elements such as Ag,
Bi, Te, and also Pb, Cu, 2Zn, and S. In general, prec1ous
metal deposits of Archean age. in greenstone belts are
characterized by major‘enrlchment of Au, Te, Bl, As, Sb,CB}
W, and Ag in the 103 to 104 and 101 to 102 range
respgctively, coupled with slight enrichoent of the
abundant base metals Cu, Pb, and 2Zn (_10l to 10f1),

"relative to their crustal abundance (Fyfeuand-Kerrich,

1984} .

Fluid inclUsion_investigatioh indicates that CO, was
present in the ore-fluid. An almost pure CO, phase,
contaiqing-little water, was trapped:in the vein quartz,
but‘whether or not this phase is a sample of the actual
gold-transporting fluid, is generally debatable, inasmuch
that experimental and theoretical ‘studies of gold
solublllty in the system H,0-NdCl~-CO, are lacking.

Such 1nclu51ons can result from trapping of an 1mmlsc1ble
mixture of H20-r1ch and C02—r1oh fluids, evolved

through unmixing of an. earlier homogeneous COZ—Hzo

phase/%Roedder and Bodnar, 1980). In the present 51tuatlon
' | s | : }

. )
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this is unlikely because theére is no evidence for

widespfead immiscibility. Such ifclusions can also result
from Efapping of a distinct "primary" CO,-rich fluid not
related to the rest of the fluids present in inclusions of

the vein quarﬁz (Hollister and Burruss, 1976).

‘The COj-phase homogenization data indicate that the

almost pure COy "type II inclusions haVe hlgher €O,

,den51t1es ( 0. 93gr/cm3) than type I lnclu51ons

(0.80~0.63gr/cm . . It is known?(Tquret, 1981) - that in

" the case of CO, inclusions, those denser in Coz'form

~earlier than the least dense in the case of evolving

etamorphlc fluids under condltlons of decrea81ng pressure.

-Furthermore, loss of C02 from the hydrothermal ffﬂid

-whlch was trapped in type II 1nclu51ons would reduce the

partaal pressure of C02, thus lowerlng the total fluid

presgure.:_ln the light of this dlscu551on it can be |

- suggested in tue present study that an early, almost pure

CG, fluid, with 1little water, was depleted in CO,p

through its fixation in altered wallrock and vein filling-
S : .

carbonates, probably during their coprecipitétion with gold .-

and .quartz. - However, a combination of all the above —f

.mentioned fluid phase relations can not . be excluded e

A fluid pompoSed of water with also approx1mately 21 ﬁr//w

coz, 4 6 wt.® dissolved salts and a density ‘of O

-/i‘
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0.96 gr/cm was prlmarlly involved in the gold
concentration processes. Fluid inclusions in other Archean
'precious metal deposits also indicate rather dilute

solutioné of-<10 wt.% NacCl equivalent‘(Guha at al,,"1982).

.A salient- feature of both the wallrock alteration envelopes
:and the vein fllllngs ls the presence of abundant carbonate
mlnerals. Fluid inclusion data, as previously dlscussed,
and-qhemioal mass balance‘calculations'support the
interpretation hy Kerrich and Fyfe (1981} that carbonate /
minera{s{were formed via hydrolysis of Fe; Mg, Ca, - |
:silicateo such as.biotite, hornblende,-epidote and
ohlorite, nith.the carbon oioxide.being'introauoed by the .
mineralizing fluids and thetbivatent metal cations being
Vprovided by the wallrochs. This‘interpretatfon is also
supported by emplrlcal evidence that changes in wallrock
com9051t10n along the length of 1nd1v1dua1 gold bearlng
veins - in Ontario are paralleled by correspondlng chihges in

alteration carbonate mineral composition (Bain, 1933).

Another salient feature of the hydrothermally altered
wallrocks and the vein fillings is the exten51ve
development'of muscovite. Chem1ca1 mass balance
Acalcuyftions clear1¥'demonstrate K,0 addition to the

wallrocks, with concomitant Na,0. leaching, suggesting -

that muscovite was formed consuming hydrothermai potassium . :

h,cag



p0551bly 1n hydroly51s reactlon of SOdlC plagloclase;
:relea51ng sodium 1nto ‘the flulds. ThlS 1nterpretat10n 1s‘
also supported by’ m1neraloglcal ev1dence such as muscov1te
replac1ng plagloclase in the wallrock alteratlon envelopes.-
.Thus; w1despread pota331c alteration may-lmply an 1n1t;ally
higth/Na:ratio‘ofhthe‘fluid. Some of theAelbite pfesent
1n the wallrocks could have been stab1llzed instead of
.muscov1te due to flu1d evolutlon to . hlgher Na/K ratlos, via
potae51um flxatlon and sodium stripping, - coupled w1th
temperature decrease under reduc1ng condltlons (Fyfe and
'Kerrlch,-1984). Ba aud_Rb abundances cleaply-lncrease'as
shewn by chemical mass balance oa}ouietions, Eol}owingi

Ko0 iu the muscovite rich wallrocks,'at£ributed to.
51m11ar1t1es in ionic size (Krauskopf 1967) implyihg‘that
‘the twp trace elements were also carrled in solutlon by the'

mlnerallzlng_flu1ds,

S

Hydrolysis of plagioolase to form muscovite involves loss’
of HY from the. solution as exemplified by the reaction
(Kerrich and Fyfe, 1981):

t.
3

. 3NaA1Si30g *. K+ ¢ oout — KA13313 1o.l0H )} +
68102 + 3Nat .

The ubiquitous develpment of muscovite in the hydrothermal

halo to the veins'may‘indicate a solution of low pH

(Kerrich and Hodder, 1982). Furthermore, such a reduction



‘152, -

in the H' .concentration may lead to ‘the preéipitatidn‘of
carbonate minerals by increasing the C032;
concentration of thé hydrothermal fluid (Holland and

Malinin' 1979); - ' {\

The Qrg-fluid was apparently saturated with respecg to

. silica carried in solution, probably dominantly as Si(OH) 4.
and precipitation appears to have been simply due .to
cooling, aﬁa pressure drop, based on silica solubilit?
constraints (Holland and Malinin, 1979). The chemical
distributioﬁ tréﬁdsﬁacrpss alteration envelopes in the
__wéllrocks'débicﬁed in':;e Figures 15,16,17, and 18 é%em to
be'cbnflicting*in the case of Si05. For instance, one
trévepse a5jacent to th; Renabie vein suggests that silica
waslqﬁantitatiyely added to wallrocks whereaf other
~traverses across different ééctions cf the same vein, and
across anqtﬁér,vein, suggest that silica wés leached from
wallrocks. Oné interpretation is that silica was locally
1iperéted by the circulating fluidg during wallrock
‘altératioﬁ‘(solding and Wilson, 1983), only to be
transpor‘ed and sugsequenﬁly preéipita£ed in alterated rock
alohg;éfe.fen_t sections of the vein o.r in the vein itself.
“Chemical mass balance ¢alculations across the wallrocks to

‘the Campbell vein suggest silica addition, which agrees

with most trends in hydrothermal veins precipitated from

//,;‘Qg,
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-, ascending fluids (Kerrich and Fyfe, 1981), and ‘alteration
patterns of Archean lode gold deposits (Kerrich and Hodder,

1982).

Reduced hydrogen species may also have been contained in
the ore—fofming solutions as;attested by the reductién dfd
primary ferric iron immediately adjacent to the veins
compared t6 iron in retatively unaltered wallrocks.
Reduction ‘of ferric iron in the .wallrocks aIso implies
interaction with ascending fluids'(Kerrich'eﬁlél., '1977;

Studemeister, 1983).

The chemical composition.éf the ore fluid is reflected in
.the fol¥owing reactions (Studemeister, 1983), which
represent fluid and trondhjemitic and metabasaltic wallrock

interaction:

20(0.9NaAlSiOg - 0.1CaAl,Siy0q)
plagioclase

+ 2K2(Mg,Fe)5A%4515020(QH)4 . \//f\

biotite

+ 2K0 4 I2H50 + 2C0,—=4K;AlgSi160,(0H) 4 + 32510,
fluid fluid £luid - muscovite " quartze

-+ (Mg,Fe)lOA14Si6020(OH)16 + 2CaCO3
chlorite calcite

+ NaAlSi308*+ 8Na20
fluid

'Caz(Mg,Fe)SAlSi7022(OH)2 + 2C32Al35130r2(QH)
" Hornblende - Epidote

P
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+ NaAlSi308 + Kzo + 6C0, + 4H20 —_——
plagioclase fluid fluid fluidF

(Mg Fe)5Al3Si,0,7{(OH)g + K2A16816020(OH)4
chlorlte muscovite

+ 6CaC0g3 + 11510, + Najy0
calcite . quartz fluid

Al

6.3 femperature and Pressure of Deposition

Fluid inclusion data indicate‘that the ore fluid was not
"boiling" at the time of trapping. Thus, fluid pressure at
the time of trapping was greater than the lithostatic
pressure, otherwise the fluid would hgvé been "boiling"
(Roedder and Bqdnar, 1980). The homogénization tehpegatﬂre
is therefore a m1n1mum estimate of the trapping

tempegature. To obtaln the trapping tempe;ature of

. \ ' .
inclusions a pressure correction must be made. Trapping
pressures can often be ascertained on ‘the basis of

stratlgraphlc reconstructlon or independent mlneraloglcal

methods'such és sphalerite geoharometry {(Hutchinson and

Scott, 1981), permitting introduction of the necessary

pressure correctiorm.’ Conversely, if the homogeﬂization
temperature and an independent specific temberature are
known, fluid inclusion data can bé used to estimate
trapping pressures. Roedder (1984),believes that. trapping
pressure determinations based on inclusions gontaining'

ligquid CO; and H90, ejther as separate or as composite

inclusions, bear high levels of uncertainty and error as a
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result of both theoretical and practical considerations.

Fluid inclusion homogenization data allow estimation of a
“'minimum temperature for vein formation. The majority of
homoéenization temperatures from primary inclusions in vein
guartz are in the range of 230° to 330°C. Corrections to
these homogenization temperatures would be of the order of
+100°C and +170°C for fluid pressures of 1 Kbar (100 MPa)
.dnd 2 Kbar (200 MPa), respectively, given a 115 Wt.%dNaCl‘f.
aquéous solution (Figures 28,29) (Potter, 1977). However,
the effect of COp is to reduce the corrections to be
applied to homogenization temperatures. In light of this
discdésién; fluid inclusion homogenizaéion temperatires

suggest a minimum temperature for vein formation of 30Q<§:’//

N
The temperature regime of vein mineralization can also_ be

estimated on the.basis of thermal stability fields for
minerals of the walquék.alteration envelopes. The‘gold—
beariné veins are enveldped‘by halos éf altefation
assemblages, indisﬁinguishable from those_produced by
;g;eenéchist facies metamoqghism. A-green§¢ﬁist.§allrock
alteration assemblage may impiy that gold was concentrated
undér conditiéns of greenschist metamorphism. The
céexistence of abundant chlorite,.actinolite and epidote
with albite in mafic metavoicanic rocks adjacent to the

veins provides an upper limit for temperature of vein

W T ]
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formatipn of”aéprqximate1y¥470°c at P = 2 Kbar (Liou et

al., 1974).

The greenschist envelopes around the gold-hearing veins are
products of hydrothermal alteratiomn that was concontitant

‘ B
with vein filling and most likely with gold precipitation.

This alteration is thought to follow the emplacement of the

batholith. inasmuch that it is also superimposed on the

~batholithic rocks. The similarity of these wallrock

&

alteration asagmblages to the assemblage that was

" superimposed on the mafic metavolcanic rocks and the

batholith possibly suggests that hydrothermal alteration
about.géld—bearing veins and gold concentration were coeval
Qith regional greenschist metamorphism (Studemeister,
1983), which partly retrograded the batholith and the
adjacent amphibolites. 1In this context the gold-bearing

guartz - muscovite - carbonate veins about the margin -of

the batholith are local manifestations of intense

fetrogression of trondhjemite (toqi;ite) and amphibolite
inasmuch as fracture systems and ge®Blogical contact areas

are zones readily aggessible to circulating fluids.

- e—

- k3 o —

r

Unconditional direct’ evidence on pressure or crustal depth

at which the gold—bearingrveins fofmed is laéking.

Howe%er, based on the premise that the ve?ns formed unde;

greenschist facies conditions and considering a»teméerapure
N ' \\-
~ e

@
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.of 500°C for the greenschistfamphibofitic transition

~

(Liou et al., 1974; Turner, 1981), maximum. pressures of 2,5
to 3 Kb and depths of 8 to 10 km are indicated, in light of

a steeper Archean geothermal gradient (Figure 30).

4

6.4 Possible Source of the Ore-Fluid

>

The.oxygen‘isotope compoaitions of guartz from differenﬁ
sections of the Renabie vein, and from the Bravinco_No._Zl-
vein, have a restricted range of 5180 values f%om.+9.4

to +11.29/00, implying some common cha:acteristics in the
ore- forming process. These values are relativeiy lower
compared to Slgolfrom gold-bearing veins in the
Yelloﬁknife, Timmins and.Val d'or disﬁricts which raﬁge
from +11.29 to +15.77 (Fyfe and Kerrich, 1984). The reason
for iow §18p values_in the present situétibn is most

iikely to be.due to later reaction of the guartz with a

Vo

fluid centainapg light oxygen (i.e. modified meteoric’

water, seawater, or evolved ground water). This is in

agreement with Ehe fiuid inclusion data that indicate the

\

presence of a Coz-poor, low to moderate 'salifhity, and low

temperature f1u1d that was trapped in type III ‘inclusions.

The lowered ‘oxygen 1sotope composition of the Renabie area
vein Qhartz might also be dpe to’ COyp separatlon from the

hydrothermal fluid. Fluid inclusion evidence suggest that
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Figure 30 : An estimated Archean géotherm(after Lambgrt, 1976)
compared with the i:resent-—day intraplate geotherm

(after Clark and Ringwood, 1964).
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the hydrothermal:fluid thgz precipitated quartz, and

precbably gold, in the Renabie area was depleted'in COzi '///i

most llkely\through its flxatlon in altered wallrock
carbonates. Such*a chemical change fould lower - the oxygen
isotope compoeition of the residqal fluid and the quartz
precipitated from it, inasmuch that‘Coz is‘preferentially
enriched in 18o relative to g;b (Hggglns and

Kerrich, 1982}. Accordlng to the same authors a depletlon
18

of up to 79/00 in 0 may occur as a result ‘of a 40

»

mol.% C02‘loss‘from hydrothermal fluid.

N o .
The ca ’iated'glaoxyalues_for the ore-fluid range from
+4° /00 to.+7°/oo, for apparent temperatures of 350°C—
400°C, d Ehey are consistent with the range of most
fluids impi}cated_jn metamorphism (Taylor, 1974). These
.values are isotopiéally heavy compared to seawater that has
undergone high—temperature'exchange with the oceanic crust
(Kerrich and Hodder, 1982), but they fait in the.freld of
magmatic waters (Taylorw 1974). A metamorphic origin is

. consistent with.the greenschist facies mineralogy pﬂ‘
alteration halos to the -veins. A magmatic orfgin is less
1ikely.pecause the veips dembnstrably transect andﬁpostQate
the batholith and the metavolcanic rocks.and are broadly
contemporaneous with avarcheanlmetamorptic and deformation .

event that affected the Wawa greenstohe belt. For

Yellowknlfe gold bearlnq veins where the estimated 5180 of

o ; - ‘:.$kﬂ'

g

LN

(
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}he fluid fall within the madmatic range, it ccan be shown

; Ny ; )
that they are isotopically distinct from coeval felsic "\
»
/
.igneous rocks, suggesting that magmatic fluids are not
implicated (Kerrich,\1980). Th% stable isotope
compositions of Archean gpld bearing veins in Canada

-5
Suggest a metamorphlc origin (Fyfe and Ker:lch, }984).

A metamorphic origin is also qugested-by;the inferred
‘ . 5
. .

temperature, redox and chemicaf/characteristics'of the

uids that depos1ted gold in quartz veins of the Renable

4

.area. These flu1ds were at temperatures.of 300°C to 470°C,

poséessed oyerall low salinity,'loﬁ pH, high initfak/E7Na;

“and COntaineQ'elevated COp contents aleng with réduced

ey

1

gif species, most probably H2~ These characterlstlcs are

L

. all consistent with a metamorphlc fluid reservoir (Fyfe ang

Kerrich, 1984)," Metamorphic fluids of siﬁnlflcant volumes
can e? generateq during burial .of a hydrated greenstone
succession within the greenschist facies. or at the

greenshist—amphibolite‘t:ene;tidn'throﬁgh dehyd}ation

reactions“%Fyfe et al., 1978; Fyfe and Kerrich, 1984). \\\\\;

Archean greenstone successbons depOSLted in submarlne ’////4//
environments become hydrated and carbonated via exten51ve

chemicalAinteract'on with seawater.-'Oxygen’@sotope}.'
evidenqgifrom A c:§bn terrains in Canada suggeSt essential’

eonverSion of basalt to hydrafed-phases such as clays plus
h 4

T K L
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zeoliteé, at low Femﬁérature in the présence of ﬁarine
water (Kerrichy, et éil, 1981),"Furthermore,‘altered

_sdbmarine mafic volcanics contain as much as 3% COp, most
likely incorpo}ateq through marine carépnéte ingo cooling

?&fasalts {Aumento- et al., 1976). Rocks of basaltic

| éOmposition undergoing metaﬁo%phism at the g:eénschist-
amﬁhibolite transitioh_which takes Qlace at about 500°C
release g wt.% struétural'watér and other ;olati}es
Aincluding COy s pfoducihg enorﬁous volumes of'sz;Coz
-high—temperaturé fluids (Fyfe_and.&errich, 1984). Such
metamorphic fluids will tend to have a relatively log

chlorine content; because of the low Cl-abundance. of o

basaltic rocks (Turekian and. Wedepohl, 1961), . (

*

-

Thus, a metamorphic_rgservoif.of.basaltidfcomposition; S

under cohditiéns of thé greenscﬂﬁst—amphibolite transition,
satisfies the observed leid tempefatures; low‘saliﬁities
and CO,/H,0 ratios. .In'additidn,.suqh.a metamorphic
re%efﬁoir accounts fér:the requirements of fluias.generated

e

under reddbing conditions at elevated temperatures and

pressures. -~ ' ' . . o ,

r-\u

The diéposition of metamorphic facies in the eastern part’

of the Wawa dreenstone belt reveals that greenschist-grade
rocks of basaltic composition predominate (Riley,'lQ?l;

Bennett, 1978), Whergas rocks 'at a@phibolite facies,
-% ’ .' l.I -
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retrograded to greenschlst in the case of the Renable area,

‘‘are rare ‘and restricted to the v1c1nity of igneous

1ntrusions. Thisris 51m£,ar to metamorphic. facies
d1str1but10n throughout the 1ength of the Wawa belt
(Goodwin, 1961- Studemeister, 1983). These observations'
may suggest that the metamorphlc flulds 1mp11cated in gvld
m1nerallzat10n in the Renable area wvere derived from | 4
deéydratlon reactlons dur1ng greenschlst facies
metamorphlsm of the greenstone succession, 'or at the

ggeenschist4 amphibolite transition.

“«

*

There exists a lot of evidence suggesting that Archean gold
was-concentrated in quartz veins from metamorphlc fluids

i

(Kerrlch, 1n press), rather than from cgrculatlon of marlne
water (Hodgson and MacGeehan, 1982), S} f rom magmatlc
“fluids (Hodgson and MacGeehan, 1981), or through 1atera1
secretion of velin materlal from the enclosing rocks (Boyle,
1979). _The assooiatign'of the Renabie‘Bepoéit with a '
‘mesozonal felsic batholith is qu1te unusual in- terms of
o currence of Archean velﬁ gold dep051ts which are mostly
féisted by greenstone succe51ons or b ~eplzona} felsic .
fks. " This may 1mply that, alt@datilvely', a .magmatic
'source could possibly account for the gold- bearlng f;hlds
Whlch formed the Renable area gold dep051ts. However, in

1lght of the overwhelmlng evidence presented here, and even

S
though) a magmatic 51gnature cannct be completely excludeA

(‘ ' . v X L3
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‘these dep051ts can be comprehen51vely explalned using the

metamorphlc model.

' ’ A ’

6.5 Mechanism of Precipitation | v

Meny fectors eperate to qontrol.the pLecipitation and
eoqcentratlon.of}a solute carried in solution. However,.
‘precipitation will occur as a result of a state of |
disequilibriuﬁ. The phy51cal env1ronment changes in ‘an
attempt to reach equ1llbr1um with the. new cond1t1ons and
consequently the fluid may pre01p1tate solutes. Under

favorable condltlons this may involve the precipitation of
o ' - © e -~
native gold tagether with quartz.
-

A state of disequilibrium maﬁ'be caused by many factors
'such -as temperature decline. A temperature decline during
veln format1on can be inferred from fluid inclusion

. i
homogenlzatlon data for the COs-bearing 1nclus1ons 7

5
(Figure 32). A drop in tempera will affect the
SOlUblllty of solutes (e.g. Au) leading to precipitation.
SOlUblllty experlments by Henley (1973) revealed that the
solubility of gold in 10 wt.% chloplde “soTutions drops |

‘ dramatic:lly from 1000 ppm or 500 ppm.ét T = 500°C to(about

10 ppm at T = 300°C. : . | ?

Gold could be carried in solution as a reduced thio-complex

<:./1 : . R

4
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(Seward, 1973). In the case of the studied depésifs,.a
considerable concentration of sulphur‘is indicatedlin the
hydrothermal fluids, based on the presence of ubiquitous
pyrite, both in the wallrocks and ingthé véin fillings,
implying a S species as tﬁe complexing reageqﬁ for gold. f
Accérding to Seward (1973) HS™ is likel? to. be the mgst_
important ligand compared to other candidates such as
.82~ and HpS. 1If gold was carried in solution as a
thio-complex, precipitation'could‘have been induced by the
extraction of sulphur from the solution due to wallrock
reactions, coupled with a declining témperature and a
change in pH. A decrease in the total sulphur in soiution
could precipitate‘gold by destabilizing the reduced gold-
sulphur complexes, according to the following—reaction
(Fyfe and Kerrich, .1984):
S~ AHAU(HS), + 2H,0 ——=4Au + 328 + 02
However, there is but little experimental data for the
above reaction.at high témperatures(>300°C). Furthérmore,
a low fluid pH, as it ﬁay be %Sdicaged by the extensive
m#scovitic alteration (Kerrich and Hadder, 1982; Fyfe and
Kerrich, 1984), typical of the Re;abie area §§1d deposits,
. is considered to be an incommensurate condition with the
*stability‘of bisulphide'compiexes for 5ransp6rt of gold

(Barnes, 1879, p. 408).

T
- ¥
. , . - .
Reactions between the fluids and the presence Qf cool
N , -

k"

e
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Qai?tocks to fluid-bearing fractures can also lead to

thermal decay of the fluid and to a disequilibrium state of-

gold complexes, triggering the precipitation of gold.

Fluid/wallrock readtions would be\favorised by the

. 7 ‘
anhydrous mineralogy of the amphiboljtic and trondhjeﬁ?ﬁic
wallrocks, which aré characterized by high susceptibility

to hydration and COp-fixation reactidns.

1f wayIrock reactions lead to preciéitation of 'gold (Fyfe

-

and Ker}ich, 1984), in addition to temperature change, then

-

it is possible tZ;? gold may be transported in solution as
carbonyl-chloride complex (COCl) and

' .a carbonyl (CO).
fldid/wallrock reaction involving Coz‘fixationLin
carbonaté$ would lead to precipitation of gold, py"
reduqtion:of PCO, and/or decreasé of acidity (Kerrich and
Fyfe; 1981ﬁ. Experiﬁents’Ln carbonate eqgullibria (W}nkler,
19{6; Fyfé,kt al., 1978; Turner, 1981) show that
'greenschistféonditiéns appear optimum f&r carbonate
fbrmation invoiving a COp~bearing metamorphic fluid.L K
Thus; a drop 1in tempéfqpure and wallrock reactions are
considered here to be %mportant in éﬁg’concénfration of .

k)

gold.around intrusive-rocks in the Renabie mine area.

-
-
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6.6 Adge of Mineralization

The Renabie gold-deposit was formed in the late Archean at

about 2688 Ma according to a model lead age based on a new

lead evolutlon model for ore leads of the Superlor Prov1né€

{(Thorpe, 1982 and personal‘communication). Another model
(Stacey and Kramers, 1975) provides a very similar 2692 Ma
model age. The Thorpe's (1982) model WS developed from a

paleoisochron defined by lead 1sotope analyses of galena =

from Superior Province massive sulphide and 9016 deposits. C::\-
T

- A metallogenic epoch for gold deposits was defined -on the

basis of the new Superior ﬁrevince model at 2656 to 2700 Ma
and formation of the Renabie deposit was appérently,during
this epoch.‘ ‘The perlod between 2685 and 2700 Ma was a .
general span of time for regional metamorphlsm and .
deformation in the eastern Wawa greenstone belt, as -ﬁ
indicated by -U~Pb zircon dating (Percival and Kregh, 1983).
This geochronelogical evidence indicates that the Renabie
deposit, aed apparently‘the aéjacent gold-bearing veins,
were_broadly-coeﬁal with regional greenschist metamorphism

tha;_affected the Archean and was. dated near Lochalsh

(Figure 2).

’;# L. | i | h | | ' | \l ~. B
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CHAPTER 7

CONCLUSIONS

The Archean greenstone sequence ( 2750 - 2740 Ma)

near the Renabie mine experienced metamorphism to-the,g

lower amphibolite facies, perhaps coeval with

~emplacement of the Missinaibil Lake Batholith-( 2707

Ma). This was followed by pgrtial retrogression of
the batholith and the adjacent-amphibolites to the
greenschist facies during éubsequentrxgﬁional
metamorphlsm (2700 - 2685 Ma), 1nvolv1ng carbon

dloxlde bearlng hydrothermal fluids.

The Renabie Gold Mine and adjacent gold properties

have late Archean (2692 - 2688-Ma) gold-bearing quartz

L]

- muscov1te - carbonate veins that occupy dilation

!
fractures fllled w1th mineral prec1p1tates and

mlnerals produced by reactions between wallrocks and

circulating hydrothermal fluids..

The alteration envelopes around"the gold-bearing veins’

were products of hydrothermal activity that was

-

concomitant with gold concentration and vein filling

under conditions of greenschist. metamorphism at

»
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témperaﬁureé of T;= 300°C to 470°C and maximum

pressures of P =2 -3 Kb, at. depths of 8-10 km. -

-

'Hydpo;hermal_solutions'fo:ming the Renabie deposiﬁ

- .

and adjacent gold-bearing -veins were high temperature’
‘ascending agueous fiqids of‘metaﬁorphic‘origin that .
- possessed, overall loy;salinities,\ptobably low pH., and

high'initial K/Na ratiOS,;and contained significant

quantities of COy, aloﬁg with molecular hydrogem
(.H2)'- : . : w2

to evolve.,
3 e

.

An early, almost pure COp fluid was first.
This fluid was depleted in CO3 through its Eixatiqﬁf"
in altéred wallrock and'vein—fillihg_carbonates,‘

N - g .
giving rise to *C05 = H,0 splution with about 20
. - (e -
. S

wt.% COp- - !

The distribution bf'gold-bearing veins in the:Renabie
mine area is- partly controlled the anhydrous '
mineralogical compositions-of trbndhjémite (tonalite)

and amphibolite, which makes them susceptible to

-H?d%ation and Coé-fixa:ioneghen exﬂssed-to

hydrothermal fluids.

/ . _ s

9 A ' LI .
A tempefﬁ&uﬁi decline aWd wallrock reagtions,

‘involving fixation bf:hydfbtﬁerﬁal COy in alteration

Y ‘

e e AT
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carbonates, were important in the concentration of

-

gold in quartz - muscovite -~ carbonate veins in the

Renabie mine area.

¢
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APPENDIX 2
MAJOR AND MINOR ELEMENT ANALYSES OF TRONDHJEMITE
-

AND TONALITE FROM THE RENABIE AREA -

-
- LN
~



¥

Composition of trondhjemite from the Renabie

Sample number

sio,.
31533 -
Fe 203(” .
MgO
Cao
Na,
r2°
T4.0,
P,0-
MnO -
S .
L.O.I

TOTAL

o

(wt%).

.(ppmi'

RN~-36

{,' o .
mine area.

.RN-~38

186,

225

RN-26  RN-35 - - RN-58
70.88 .- 73.88 74.09 71.57 71.83
14.41  14.70  14.42 _ 15.66  15.47
2.94 2.86 1.28 2.56 1.80
T 1,00 0.26 0.27 « 0.71 0.36
3.33 2.04  1.76  2.62 1.45
14.33] 3.35 5.44 4.99 5.59
1.67 ' 0.67 1.65 1.61 1.88
0.35 0.11 0.11 0.26 _  0.17
0.05 0.00 0.00 003 0.02
0.03 0.01 0.02 0.04 0.05
0.00 0.57.. 0.0l .  0.00 0.01
0. 40 1.30 . 1.26 0.20 1.10
'99.29  99.71  100.41 100.37  99.85
380 333 556 469 506
0 0 0 o 23
135 . .71 . 119 75
141 194 203 271 |
42 6 25 31 47
4 2 0 - 7 7
40 5 15 34 46
0 0 3 0 0




o

. Composition of trondhjemite from the Renabie mine area.

Samplé number . . RN-37 ' RN-93 ' RN-94 RN-107 RN-108
o (wtt) R - -
sio0, B 72,11 70,17 -{3:2q 70.33 75.87
Al,0, ¢ '14.75 16,07 12.88° 14.90 13.36
Fe,O3(py © - 72,43 3.25 0.7 2.15. 1.4
Mgo ~© 0.49 1.00 0.04 0.50 0.19
ca0 = - o 2.67 3.30 0.92 2.44  1.87
Na,0 P 5.68. 5.10 5.95 4.89 5.48
K,0° . 1.00 0.94 o©0.40 2.00 0.81
Ti0, 0.24 0.36 0.07 0.25 '0.09
?,0c 0.03 © 0.07 0.00 _0.04 0.00
MnoO . 0.05 ©0.05 0.01 0.03 0.0l
s . " 0.00 ©0.00 0.01 0.01 0.0l
L.0.I - 0.90 0.45 .1.35  2.10 0.56
| TOTAL - 100.47 100.90 99.58 99.76 99.78
| (ppm) ‘
Ba . | 405 359 143 469 553
cz- : -~ 1 2 22 30 9
zr _ 128 159 34 98 80
s 298 410 134 378 197
b - - 8 12 5 58 0
Y . - 0 2 10 8 0
Zn - ' - 32 46 50 2
| 6 0 0 3

Ni 0

187,
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Composition’ of trondhjemite from the Renabie mine area.

S

" sample number RN-40 RN-91 RN-92 RN-108 RN-111 RN-112
' (Wts) | | |

si0, . 73.81 74.86 '74.36 71.02 71.80 71.47
Al,0,’ . “\ '14.85 12.60 -14.28 "15.97 15.64 15.64
Fe,0, () o 1.96 2.68 2.04 2.90 2.24 2.39°
Mg0 | .~ 0.49 0.21 0.48 1,82 0.52 0.63
cao ¢ 2.48 0.8 1.79 2.74 2,28 2,52
Na,0 | 4.86 /6.21 4.33 4.24 5.37 5.07
K,0 o .1.34  0.36 1.53 0.75 1.40 1.50.
TiO, . _ 0.19° 0.07 0.24 0.47 0.22 0.25
P,0c - 0.02 .0.00 0,00 0.05 0.01 .0.01
MnO _ ©0.03. 0.00 0.03 0.08 0,04 0.04
s o _ 0.00 0.00 0.00 0.00 0.00 0.00
L.0.I . 0.94 1.47 0.71 = 0.89 1.00 1.07
TOTAL . 100,94 100.47 99,91 101,03 100.63 100.60
' ' (ppm}

Ba ' 387 113 498 286 510 523
cr o 8 - 12 0 22 2 0
2r . . 136 47 122 160 120 120
Sy s 376 122 283 305 272 266
Rb 17 0 25 11 19 20
Y 9 1 1 9 2 6
Zn - | 16 0 13 46. 23 306
Ni- . - 1 3 o

0 15 4




- Composition of tonalite from the Renabie mine area.

" Sample number

sio0,,
. Aly04
Fe O
MgO
CaO
Nazo
‘KZO
TiOé
P205
MnO

s
L.0.I

TOTAL

Ba
Cr
Zr
Sr
Rb
Y..
Zn
Ni

273 (7) .

.~ RN-10 -

RN-11
(wts) .
 61.97  64.09 ° 64.25
16.82  14.75 15.63
4.88 4.04 .- 5.94
2.51 4.08 2.69
3.23 3.97 4,87
5.81 4.97 4,86
1,93 2.33 0.87
0.60  0.43. 0.6l
0.27 0.10 012
0.06 0.06 0.13
0.02 0,01 0.01
1.53 0.80 0. 40
99.99  99.82  100.51
(ppm) ' :
1561 444 342
24 145 66
245 145 150
1057 575 371
46 59 15
14 5 L2
66 . 64 68
44 120 49

189,

RN=15

65.35 66,12 .
15,31 15.04
5.22 3.66
2.26 1.70
5.19 3.80
3.84 3.66
0.86 2.92

0.48 . 0.41
0.04 0.08
0.08 0.06
0.00 0.00
1.10 2.20
99.43  99.78
220 742
29 22
166 1133
262 108
14 27

11 1

45 19
18 59
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APPENDIX 3
MAJOR AND MINOR ELEMENT ANALYSES OF MAFIC

METAVOLCANIC ROCKS FROM THE RENAEIE. AREA
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Samplé numpef TR
C(wtd) :
sio, 48.99
AL,04 . " 14.00
FeoO3(my  + 13.00
MgO : . 9.23
ca0 T 9,27
Na20 ; - 2.64
K50 . 0.51
TiO, - 0.86
P,0¢ 0,00
MnO 0.28
. S 0.00
L.0.I . 1.09
TOTAL o7 99,03
o - (ppm) -
Ba 152
Cr ’ 387
Zr 77
N3 175
R4 ;
Y 13
Zn 146
Ni 167

RN-77 = RN-76  RN-94
50.96  50.57  5Y.27
12.83 13,77 12.20
16.21  13.03 . 13,74
3.86. - 7.60 7.92
7,82 5.09  9.68
3.69 4.69 1.87.
- 0.08 0.68 0.17
1,71 1.26 0.81
0.12 0.10 000
b.28  “0.20.°  0.23
0.00 0.00 0.00
2,70 2.37 1.35
99:92  99.47  99.29
0o 140 36
63 ' 287 50
115 101 40
77 115 78
0 8 0
39 23 |
b 129 794 70
15 - 100 63

191,

. 49.84
.715.38
11.74
. 5.02
11.88
1,87
0.19
0.82
40400
0.22
0.01"
3.56
100.65

- 24
356
48 -
147

13
57
120




Sample number

si0,
Al,04

Fe203(T)
MgC

MnoO

L.O.X
TOTAL

Ba »
cr
7Y

v

in”
Ni

(wts)

50.32
13,52
13.56
8.17
. 10.38
1.98
0.26
0.87
0.00
“ 0,22
0.00
0.63
99,97

(ppm) _
19

110 .

49
76

63
41

E

50.37
14.39
12.59

8.17
12.00
1.40
0.12
0.77
0.00

1 0.20
0.00
.0.72
100.82

22
258
47

82

63
g0

-47 .

192,

RN-49 RN-52 RN-5 4
53,87 48.58 49.09
12.48 14.25 15.34
18.31 . 15.50 12.66
2.65 5.79 7,85
'6.31 8.65 10.36
2.88 2.30 2.89
0.17 0.46 0.26
2.25 1.42  0.77
0.10 0.03 . 0.00
0.26 0.23 0.18
0.00  0.02 0.00
0.19 3.61 0.81
99,51 100.92 100.32
0 85 45

28 138 247
127 111 58
45 . 175 182

0 8 0

43 26 10

40 108 42

66 153




Sample . number

(wts)

sio,
AL,0,

Fe,03 (1)
MgO
Cao
Na,
K20
TiO2
P205
MnO

S
L.O.I

TOTAL

o .

(ppm)
Ba |
Cr
Zr
Sr
Rb
v
Zn
Ni

193,

" RN-97  RN-98 . RN-99  RN-100. RN-101
49.11  48.47  50.65  49.75  52.47
15.06 14.46 13.57 14.11 13.40
11.04  12.53  14.98  14.62 . 13.21
8,01 7.87 ' 6.04 6.96 1 5.94
11.88  12.74 - 9.80 9.42 9.63

1.75 1.48 2,29 2.60 2.20
0.22 0.19 0.16 0.30 0.42
0.77 0.82 1.26 1.20 1.01
0.00 0.01 0.00 0.00 0.00
0.21 0.25 0.24 0.27 0.23
0.00 0.00 0.01 0.00 0.01
1.24 1.02 0.84 1.18 1.28
99.50  99.95  99.89  100.51  99.86
82 116 34 97 95
375 268 28 182 40
51 58 68 71 79
125 132 109 102 154
0 0 1 0 . 0

5 17 15 14 15

70 104 65 134 91
126 123 36 115 26




APPENDIX 4

&,

FLUID INCLUéION STUDIES®

194,



TN

'4.1

195,

APPENDIX 4 .
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INSTRUHENTATION, CALIBRATION AND PROCEDURE

4.1.1. Instrymentation

\

Fluid inclusion experiments were conducted using a

commercially available TH 600 microthermometric system

‘(Shepard, 1981), ménufaetured by Linkam Scientific

Instruments, 37 Pine'Ridge, Carshalton Beeches, Survey;fMS
40Q, England. The apparatus can be ﬁfogrammed to proceed
to any.tempe:ature-between -180 and +600°C at any of 27
different. rates of éhanée of temperature between |
0.1°C/ﬁin. and-90°C/m}n., and to hold at any temperature.
This procedure has the aavantagés that measurements can be
standardized to a known rate of change of temperature and
fhat measurements can.be made.withput continuous manual
adjustment. The heating-freezing stage consists of a

silver plated thermal block with a sapphire window, and is

" completely.enclosed in a double—wallig-thermal cell with

upper (double) and lower glass window. Thus; thermal
gradients are reduced and problems of decomposition
prodﬁcts of condensation énd frost accuqulation at low
tempeéatures, obscuring optical surfaces, are minimized.

d ’

\
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«

The apparatus in this study is mounted on Cgoke, Troughton
and Simms, Ltd., binocular microscope fitted with long

working disténceAUTK.50/0.63 objective lense.

4.1.2 cCalibration i)

The heating—fréézing stage was calibrated according to the
method described by Ma;Donald and Spooner (198l1). The
stage was calibrated between -95°C and +398°C using i3
standard melting poing substances; Below rooﬁ tempera;ure

four organic liquids (toluene, chloroform, chlorobenzene,

. carbon tetrachloride) and distilled water .were used.

Above room temperature four Merck Sighotherm standards,

two solid compounds (napthalene and adipic acid), and

three solid inorganic compounds (sodium nitrate, potassium
dichromate, barium nitrate) wére used. - Results of -

calibration runs are shown on Table Al.

The daté obtained from the 13 standards were used to
construct the calibration curve which is shown on Figure
a42. Error bars are froﬁ MacDonald and Spooner (1981).
They are estimated on the bésis of a combination of
standard melting tempeiaéure reproducibilities and
horizéntal_thermal gradients. The calibration curve

.

relates a temperature correction factor AT, which is the

difference between the actual temperature read/;rom the

%
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TABLEAl: Data obtained from 13 gelected standards for the
calibration of the LINKAM 600 heating-cooling stage.

SUBSTANCE -  MELTING POINT(°C) Teeap( ") A'r( c)
Toluene . —95.0 . —92.1. -2.3
Chloroform : f63.5 o —Gi.li

Chlorobeﬁzene ’ _ —-45.0. - -45.1

Carbon tetra- : ) | —22.8. -20.8°

chloride |
'Dalst’illed water _' 0.0 . + 2.0 . —2.0
SK*70 c. R -70.5- | 718 . 1.8
Napthalene o | -80.2' ' ' | 82-.0 _- -2.2 .
SK*100 | ' 100.0 - 101.3 - -1.3

-

‘ Ad'.:";_pic acid 151.4 - 154.5 ' -3.1
SK*200 200.0 | , 198.0 | '+2.0
Ex*zé'z | 247.0 . 249.0 ) -2.0
Sodium ni_tr'.ate,‘ - | 306.8 '305.6 41.2
Potassium di- C - 398.0 400.0 | -2.0
" chromate -

* : Merck Slgﬁ?fherm Standard

A
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"tempergture. Thus,” any read temperature is simply

3

L
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digital read-out of the instrument, to the read

converted to the actual temperature hy the addition of the

appropriate value for T. Correction factors, AT, vary from

+2°C to -2°C. Detlrminations of fluid inclusion are

“ule

temperatures corrécted according to ‘the interpolation

between the nearest two calibration points.

~ . \,’—-/- ",

4.1.3 Procedure 1

Samples of vein quartz from the 914;\§ d 458m working

levels of the Renable mine and from the s facé“exposure of

‘the C zone, as well as from the Braminco No. Z@_/ﬂd

Campbell veins, were collected and studied in doubly

‘polished 0.15mm to 0.5mm thick plates. Samples from the:

Renabie and the Braminco No. 21 veins were intimately

associated with gold and/or telluride mineralization.

A petrographic examination was initially carried out on the
polished slabs and small areas favorable for fluid-
inclusion study were identified. Fluid inclusion

characteristics, namely morphology {(size, shape, etc.) mode

of occurence and appearance at room temperature were noted

and photographéd. Areas containing several usable
N
inclusions (large size, subrounded shape, “flat",

distinguishable phases) were broken from the larger slab
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and‘uséd in heating and freezing stége ekpe;iﬁents.

Heating and.freezing runs were carried out once per
_fragment observing 1-3 inclusions each time. Reheating éhe
~same chip could destroy internal equilibrium of the
inclusioﬁs by thermally deforming the host cfystal and thus
altering ﬁhe physical énd chemical n;ture.of the trapped

fluid.

Individual incluéions were first frozen down to -90°C.
Subsequently tﬂey were heated up until tempe?aturés of
400°C were reached. Over this temperature range the
following significant phase transitions:could take blace
depending .on the composition of the inclusions:- a) melting
of frozen CO3, b} melting of ice, c¢) melting of COZ
clathrate compounds} d) homogenization of the COj ppase

<
{(liquid and gas), e) total homogenization.

4.2 A graphical technique for the estimation of the bulk -

composition (molar percentage) of CO--H-0 fluid

inclusions (after Burruss, 1981).

. This method uses the relative volume percentage of the
participating H,0 and CO; phases, estimated visually

and it is based on the following:
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L . . i L4
~a) At temperatures slightly greater than the CO, critical

point (i.e. +31:T éO“C) the-coexisting phases are pure

-

end members. -

. &

b) The bulk-molar volume (VB) -of an inclusion, which is
related to the bulk density ( B) as: B=1/VB x 103 is
a linear combination of the end member components: in

'

other words:
~VB: X;Vjy f X5V, Where

VB: bulk molar volume . '..' ' o \
X5 mole fraction of pure phase i

Vi: molar volume of pure phase i.
c) The H,0 phase is iﬁcohpréssible up to -40°C.

Based on these éssumptions the bulk ;ompoéition {molar
‘percentage) can be estimated as follows:. The Céz liq”id- .
vapour homogenizatio? temperature defines tﬁe COy density
(Figure A3) and the corresponding oﬁe-phase Co, fluid
isochofe. The observed CO, phase density fixes the

- pressure inside a,given_indlusion-at 40°C {Figure A4),-and
this pressure fixes the bulk densityl(moles/liter) of the
inclusion based én the estimated volume pefcéntage of tﬁe
H,O phase in the inclusion (Figure A5). The bulk |

density, g recalculated as molar volume Vb (cm3 /mole)
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Figure A3 :

I

(after Roeddex, 1965).
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Experimental solvus for the purerépz.éystem.



203,

.mmu0£00mﬁ Hmumbmm
uo n Eb\umu 89T3JSuap mcﬂzoam .Nou 103 Emummﬂc mmmnm ! py 2anbrdg
. (@)3Eniveadnal . g

001

coe

ooe

oo¥

(SHVE) 3IUNSS3Hd

o -



. 204._

) Cg0LXBA/ " LI/S310W g -
08 08 ov . - og 0z oL . 0
d. -1 L) N | . [] . ! 1 ] 1 | .
o -001
ooz
N
J ) -
| 01| %"10A »0A  %710A ©%Hx"10A 0) Yooe
003’ - o8 - . o% too.
S suvg d
- -00%
- 0,0b3L -
. S ~oos
L 1 L 1 i | 1 -1 -
o _.)

ayy 3Jo nOHumEﬁumm MOTTE SINO3U0D dmm.m‘mEﬂHo> UL "D407+32 SPINTJ
wNm pue NOU.mnﬂvmﬂxuoo I03 Ewnmmwwn_lﬁmﬁmﬁhmguouﬁ ~m>ﬁumuﬁunmsw 4

*A31susp oseyd Noo @mbnmmmo‘wcw 103 coﬂwnHUCﬂwam mo mvﬁmnm@ xﬂﬁn.p

-

gv o1nb1a’

{



f . T 205,

Tlpil/vp x 103 ST
: I : K -

fixes the!molar fraction of. the inclusion for'the observed’

‘C02 llquld«vapour homogenizatlon temperature (Figure AG),

- N

. The largest component of error in determlnlng the mole

fractlon of C02 (or H20) ‘using this approach 1s 1n the

visual estlmatlon-of volume percent CO5 (or‘HZO).



Figure A6
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A polytherma1 VB—xH2O diagram with conecting lines -

for coexisting Coz'fluids and HZO—rich fluid for the .
designated CO, 1iquid-vapour homogenization
temperatﬁres((fn' wheére subscrifté LorV indicaté
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homogenization to liquid or vapour) .
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APPENDIX 5

TITRIMETRIC DETERMINATION OF FERROUS IRON BY THE

MODIFIED WILSON COLD ACID DECOMPOSITION METHOD

207.



_titrgntr(Reichen and Fahey, 1962). In the Wilson (1955)

208,

APPENDIX 5

¥

The ferrous iron content inrrOCk powders was determined
volumetrically by quantitatively oxidizing;tﬁe Fe2t in

a prepared rock solution with a knqwﬁ volume of ammoniuﬁ
metavanadéte'solution (0.1N), and then adding a known
amount of ferrous ammonium sulph%te and determiniﬁg the
réxceés FeZt yith a standard potassium dichromate

method, after the Fel* of the rock- powder was oxidized
by the added ammonium metavanadate, the exces..vS+ wasl
quantitatively reduced with a standardized ferrous
ammonium sulphate titrant. ’

}he modification was applied to prevént the atmospheric
oxidation of qurous iron liberated during decomposition
by sulphuric and hydrofluoric acids.

Between 0.10 and 0.20 g of specimen powder was added to
5 ml of ammonium metéyanadaté solutioﬁ, and the mixtﬁfe
dissolved for 24 hours in 10 ml of concentrated
hydrofluoric acid (HF). Reagent blanks {B) (3 per 10.
rock samples) were also prepared similarly but omitting
the rock sample. To this solution 10 ml of ferrous

ammonium sulphate solution (0.05N) were added; and the -
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‘ ' . ~
solution was then titrated against potassium dichromate

. 7 ,
standard solution (0.0125N)., The same analytical
procedure was applied on one standard rock powder

(U.S.G.S. standard r)

The amount of ferrous iron in the rock is:

.

Fe2+(wty) = 'PDS X 0.00125 x 55.85 'x 100

1000 x Ws~

= Volumé (ml) of PDS titrant.

Vg 2 yolume (ml) of "reagent blank" solution.

- Wg = weight (gr) of sample.

All specimens were run in duplicates; variation in
replicate Fe2? determinations was less than 2%.

Standard runs‘were accurate 98% to 100%.

The ferrous iron content refers to the iron locked in

hydrofluoric acid soluble silicate and carbonate minerals.
Pyrite does not readily dissolve in cold HF and therefore
does not contribgte to Fedt
The redox state of iron, (Fe?t/Feq) in rocks with

negligible sulphide minerals was calculated by



\_& 210.
substitu;ﬁné into Fep the iron content determined b& XRF
-ahalgses}: For focks with significant pyfite} Fer was <7
determined by Atomic Absorption (A.A) énslyses._rAboutm |
0.20 gms of rock powder was dissolved for 24 hours in cold
HF, and then diluted aliquots of tﬁis,s;I;tion were

analyzed for toﬁal iron with A.A. This method gives totél N
iron préseht in minerals 6thef'than pyrite, which fésisté |

dissolution in cold HF.
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