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ABSTRACT

The Quartz—FucbsiteP'vein at the Dome Mine, Timmins
area, has been the _subjé;t of 1an integrated field,
petrographic, geochemical, and £fluid incluslon‘study to
characterize the site and the cause of ore deposition, and
to establish the source of ore éomponents in Archean lode
gold deposits. .

The vein lies in a zone of carbonatfzeﬁ komatiites
at‘.the, contact with a unit of slates. The wall fock
alterétion that accompanied ore gehesis is cénfered around
é porphyry lens located in the zone of carbonatized rocks.
The loqéfion of tﬁé QuarpgeFuEhsitgévein is coincident with

a3

the oater rim of the alteration envelop.

N

A ‘high pore f£luid regime that developed in the

carbonatized kométiites in proximity to the slates resulted

in hydfaulic fracturing and genesis of the Quartz—-Fuchsite

vein. Massive and barren quartz was deposited during

protractgd stages of fracture growth, while banded and

gold-bearing quartz was formed during repetitive and brief
7 s

‘periods o crack-seal vein growth. Quartz veining took

place belfore the compressional deformat;on which has
iﬁfected the Timmins area. ) . ‘ ‘
“Fiuid .inclusion studies %E%?icate \9hat the
hydrothermal fluid contemporaneous with quartz Qeining and
gold depo;itien was a ' low salinity CHg-rich H,0-CO, f}uid
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that underwent intermittent unmixing. Phase separation was

promoted during pressure drops in fractures that accompany

the crack-seal vein growth mechanism. The strong

partitioning df CO0, and. CH, into thé vapor during unmixing
resulted in a sﬁiftcin the'remain;ngafluid toward higher pH
and £0,. As a dbnséquence, gold complexes were probably
destabilized in ‘the hydrothermal fluid andjdeposlted with
gquartz in crackfseal veins. | o

ﬁead isotope §tudies_ of whole,‘rocks and'gaienas
associated with gold in the Quartz~Fuch§ite vein suggest a
genetic 1link betﬁeen- Fhev gold minerglization and the

quartz-feldspar 'porphyries of the Dome Mine environment,

although other source reservoirs cannot be'ruled out on the

basis of lead isotopes alone. Sulfur iqotépe compositians

. of'pyrites' and galenas ﬁfom'fhe ‘Quartz~Fﬁchsite vein are

compatible’with,a magmatic'op a metamo;p%ic fluid.,

The weight éf .. evidence indicates. - that the
development of the gold ‘mineralization in the Quartz-
Fuchsite,vein ié”genefiéallyhrelated to the emplacement of
quartz-feldspar porphyries in the Dbmg: Mine envirénment.'
The ultimate source of gold and the mineralizing fluid is

prcbably a deeper seated magma, or possib1§ the lower crust.

[ —
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CHAPTER 1
INTRODUCTION

1.1.. ALY OF OTUDY

A;c?ean lode gold deposits have contributed
approximatgly 20% to the cumulative world gold production
(Phillips, 1985; Roberts:"1987). They have been one of the
'maior sourées of gold up_ to the present, and they represent
a large ore potential for the future. However, thé
mechanisms of formation of these deposits are still highly
controversial. No unique genetic model has yet beeﬁ agreed .
upon on a world wide basis.

The essgntial geological and geochemical features
critical to ore genesis 4need to be 1identified and
,understoég, in order to generate a global and accurate
model._fﬁ; "basic requirements ih ore ‘genesis modeling are
to ¢
1) estaﬁiish the source of the'mineralizing compoﬁents;

2) define the environment and the mode of ore deposition;
.3) characterize the nature of the ore—bearfhg‘fluid.

The problem oﬁ ore gene#is can be approached in two

ways : elther with- a r;gorous»'aﬁd intensive study of the

details of individual deposits, or by comparing geblogical

1



2
" and geochemlcal characteristics of similar deposits on a
brdad scale. The latter approach hqs contributed
signiﬁicahtiy in definlng the .general features of Archéan
lode gold deposits, and: in providing vaiﬁable working
hypotheses. Neﬁertheless, the models developed so far fall
to'explaintmany of the variable géologic§1 and gecchemical
characteristics of these deposité’ observed on a local
. scale. Additional investigations on individual deposits are“'
required The interpretation of such observations and the
processes of ore formation deduced from them will 1n turn
contribute to ‘the general knowledge required for broad
‘conceptual modéls. ! o

: Thus, the objectives of the present study are to
1) define the basic geological getting of_ an individual
Archean lode gold—ore body: ' | .
2) characterlze the site and the cause of ore deﬁositionr
3i establish the soﬁrce of‘gold, and of the ore—bearing__.
fluid for -the particular mineralization under study.
- These fiﬁdings.will'then be integrated in order to:
1) work out a reasonable genesis for the investigated ore
body:; _ _ - |
2] seiect Jtﬁe mbst appropriate and pladsible Archean iode
gold deposit model(s), which would suit the genesis of the

mineraiization in the present case study; .}

3)  constrain and refine the particular “‘preferred”

~r
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‘conceptual 'model in the iight of the new findings of the

‘present research.

1, 2 EREEEHI_QIAIE_QE_KNQHLEQQE

The current state of knowledge of Archean lode gold

deposits will be brilefly reviewed, so that the relevance to

the research toplc of the field area and the methods of

study‘employed'can,be\fully appreciated.

Extensive recent reviews of Archearn 1lode gold

‘ deposits can be found in Colvine (1983), Colvtﬁ%pet al.

(1984), Hutchinson and Burlington  (1984), Groves and
Phillips (1987), Hutchinson.(1987), and- Roberts (1987).

“~

Lode deposits occur mainly .within the volcanic~

sedimentary rock,sequehces of greenstone belts from Arehean :

rshield areas. The predominant-host‘litholdgies_in mining

~camps are mafic volcanic rocks, with significant amounts of

komatiiteiigreywacke and shale. Other lithologies that are

~Aalso impoftant* hosts  to gold deposits are ‘chemical

sediments, such as iron formations (e.g., Fyon et' al.,

.l983a; Macdonald, 1983, 1984; 'Phillips et al., 1984), and

felsic 1ntrueives. The latter host lithology appears to be

deposits may be located in, or adjacent to felsic porphyry

intrusions (e.q., Hodéson and MacGeehan, 1982; Cherry,
1983; Marmont,. [1983). The porphyries are considered as a -

key to the discovery of new gold deposits, albeit -

mainly typ;cal of Canadian greenstone belts, where gold -



_ 4
‘volumetrically, they are not a major lithological component
of greenstone be;ts. For instance, most of the 1ar§er gbld
producing mines in the Superior Province of the Canadlan
shield are spatiélly assoclated with felsic porphyries

—{tHodgson and HacGeéhan, 1982) . Felsic volcanic rocks are
generally unimportant as gold hosté. Although ore bodies
migh£ be strafabéund, they do nét appear to be
lstratigraphicaliy cohtfolled. | '

The possible role of intrusions in the genesis of

* Archean lode goid 'deposits has been the subjéct of much

controversy. Three'scenarios are commonly proposed : either.

felsic intrusions contributed both metals-anﬁ fluids to the

' mineralization; or they acted'oniy as a heat pump driviﬁg

an‘ .ore—forming hydrqtherma;- sygtem; or .the spatial

relationship.is purely coiﬁcidental, in that both gold-

bearing fluids and intrusives 'have ﬁollowed the éame

structurally bnepated péthwaj (Cherry, 1983: Marmont,
1983).

Archean lode gold deposits are often located in,
or adjacent to, faults or sﬁear ‘zones of regional extent.
iIn rgcent ) years,‘_research',yas been focused on this
particular relationship, in order to unravelJthe geologicai
evolutioni of the structural diséoptinuitieé and the geld

: depdsits’céntained'therein. Thé facts are that these zones
are thg ‘locafion of anomalously high strain. Théy ind1c§te

a compressional deformation. It is comhonly - regarded to be
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5

one of the latest events, which has affected the gold

" hosting environment. This deformation often results in the

development of a pénetrative linear and planar fabric in

the wall rocks. Ore bodies appear often to be sfrained and

highly distorted as well. - Lately, it has been common

practice to interpret gold-bearing quartz veins in the

A%

S

A

shear zones as Riedel~, R'-, P-, and D-type fractures,

3

which are developed during simple shear _(Tchalenko, 1968;

Ramsay and Graham;;W1970; Gamond, ;983;‘Hancock, 1935)..
Sign;ficapt displaCements- aré; ~however, never recorded
along tﬁe- golééhﬁstihg sﬁeaf zones. The localization’of
gold deposits in brittle-ductile shear zones suggests to

many . researchers  that mineralization is Structurally

~controlled (e.qg., Kerfiéh and Allison, 13978; Robert et al.,

'1?83; Colvine et al., 1984; .Robert and Brown, 1986a; Groves

and, Phillips, 1987).

b

A

\

been mgtamorphosed tq:variable_ degrees, ranging'from sub-

N The host rock squences of the gold deposits have

greeﬁscﬁ}st up to amphibolite facies. Ore .bod;es are
usually{;ccompanied_by wall rock alteration. Inrgreenschist
fgc}es rocks, ferromagnesian minerals "and . oxides’ are
commoplx hydrolyzed and carbbnatized. Alterétion of the
wall rocks is 1less well documented in amphibolite~grade
evénts is. also not clearly establishéd. For instance: in

the Timmins .area, Mason. and Melnik (1986a)’ pldce the

-
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alteration asgociated with mineralization before

greenschiap$¢ﬁef3morphism. “Fyon (1986) - also argues for
~ f )

carbonatization-of wall rocks that elther predated op was

coeval with metamdrphism; op the other hand many authors
suggest Ehat .wall rock a tefation was synchronods with

and/or 'postdated 'peak—metamorphism (e. g Colvine et al.,

- 1984; Robert and Brown, 1986b; Andrews et al, 1986 Clark .

et-al., 1986 Thomson, 1986; Groves and Phillips, 1987).
Archean lode gold deposits dlsplay diverse

morphologies. An ore body may consist of an individual

veln, a complex  wvein structure} or  disseminated

mineralization in- the wall rock. Ore deposits are
frec;eotly developed over large depoP intervals. - Gold

occurs as the native - metal visible fo the naked eye, as

microscopic gra;ns located -1ln  sulfides, such as pyrite,'

pyrrhotite, galena, or argenopyrite, or as gold—beafing

tellurides. Besides sulfides and tellurides, "other ore

indicators and associated minerals are . scheellite,
tourmaline, K-V-Cr-mica, chlorite,"carbonaceousnmatefral,
and of courseaCarbonates (Boyle, 1979).

Fluid inclusions and 'stableA isotope studies have

been used to characterize the nature and the source of thef

miperaliz;ng fluld, and the mechanisms of ore de@osition.
Fluid inclusions are predominantly composed of carbon

dioxide and water, with minor methane . Low sa&}nit&es are

-

-

typical. Phase separation into: a carbon dioxide—rich vapor'

7

o>
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and a water-rich liquid is occasionally reported.

7

Homogenization temperatures comhonly range from 2000 to
. 400°C (e.g., Guha et al., 1982; ?mitﬁ e; al.,-1984; Ho‘et
al., 1985; Wood et al., 1986a; Robert and Kelly, 1987).
Such a fluid may have been derived .frAm a q?tamorphic
environment (Touret, 1571, -éréwford, 1981b}, a magmatic-
. system (Holloway, 1976; Cdmeron‘.and Hattori, 1987), or by
- degassing of the mantle (Cray%ord, 19815;.Touret: 1981). |

Ambiguity aiso prevaiis-‘iﬁ the inFerpretation'qf
.isofope data. Hydrogen and oxyqen 1sot$be vélues fall‘
within’jthe: range of métamorph}é and‘:ﬁagmatic fluids .
.(Cdivigg.gt al., 1984; Kerrich, 1987).-The tight Elustering

of carbon  1sotopes -around -30/a “ suggests a magmatic

pu -~

‘signaturéAto Burrows et al. (1986), = whefeas Fyon et al.

(1984), Fyon (1986), Cameron _(1988);._and;Q}63eé et al..

(1988) favor a mantle ‘bfigin for ca;bonl/;h igetopic'
é?oup.ﬁﬁrKerrich et gl. (1987) advocate that carﬁonf}nds
its source in oqtgasSing ofvthe‘lower crust. Sglfur';sofdpe
values of pyrite and pyrrhotlte range predominantly between
0 and +10°/m. Sulfur:bf this compositlon can be interpreted
as of maghatig or métamorphic origin (Cof;ine et al., 19843
Kerrich;ﬂ1987). ~ -
To thé knowledge of the author, there have been a
few studles -that ~have’ applled radlogenic. isotopes “as

tracers of the source of ore components in Archean lode.

gold deposits. Kerrich et al. (1987) noted that large scale
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rock reservolrs did not dev;lop distinctly different
strontium-isotope signatures 1in the Archean. Hence the use
of é;rontium 1sotopes as a tracer s lim;ted. However, .
Kefrich et al. (1987) -suggest that a source of strontium
more radlogenic than komatlites. or the contemporaneous
mantle 1s required to explain their data. No unique gold
source could be defined witﬂ lead 1sotope studies on
sulfides and tellurides that are assoclated with Archean

flode gold mineralizations. ‘Kramerg .and Foster (1984)
propose an upper crustal_envi?onma&t. in garticu;ar béhded
iron‘formations, or the mantle ag the source of lead, and

‘possibiy'goid, lin‘deposits from Zimbabwe. Brééning et ali\q
(;?875 coqpludéa from a study ;n ”Negtern Australié that'
lead, andh by 1nference gold, d@fe‘de%ibed from & mafic-
‘gifg;maf{é rock sequence.These authors fqﬁpdw;ﬁdievidence -

' for é multisfaée ieaq .evolution. In contrast, Séager and
Képpel (i976) rép&ft‘mul;iiﬁ9é€7 histofiéé for *sbﬁé galeng'i.
‘lead in gold deposits ; om Soutﬁfgfrica.‘fﬁe later authors

found lead isotope patterns"_whichuasuggest ¢ogenetlé
evolutions of 1leads frbm vein-type deposit§ andq"pdrphy;y-

‘-type" ores. Lead isotope compositions .of sulfidesufrom gold
deﬁosits frdm the Abitibi | Gre?enstone0 belt (Ontario)
commonly shoﬁ one of tqo-compositiohal‘trenés. One group of
sulfide’ lead compositiéns have .model ages that elustgr
afoqnd 2700 m.y;} and a ;econd group of sulfides that

\;i%fines secondary isochrons (Franklin eE/bl., 1983). The

N
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development of these secondary 1sochrons is attributed to
additlion of‘radiogenic lead to lead of preexisting sulfides
in the gold deﬁosifs during metamorphism (Therpe et al.,

'1981; Franklin et al.," 1983). Ié appears that no attempt
has been made fﬁrcémpare the lead isotopes of an 1ndividual
Archean lode gold ore body with respect to its host rocks.

The inconclﬁsive fluid inclusion and isotope data,
and the conflidting interpretations on Jthe Eiming -of

‘minerélization, me tamorphism, and wall rock alteration have
lpad to ﬁhe development of cohtra#ting Archean lode ;;ld

A deposlt'mddels. | | _”“ 

Hutchinson and Burlington (1984) advocate a complex

?ulti;tage volcanic syngeqétic-remobil{zation modgl, They

.iér?ue ;that\)auriferous féxhélite‘.-_j‘sediments formed during
initial sea=floor hydrothermal éétivity. This first'stage
was féllowed by segggagb

»

types of metamorphogenic
_;emobilizétioné}to form the shéaf—hﬁsted velns, discordant

Gein' systems, or ' stockworks, which host ﬁajor gold
: de%osiés.‘l | . |

Leu s
w

‘Anothér model, recently refined by Groves and
Phillips <(1987), pro?oses that metamorphic ore-bearing
fluids were generated by_devolafilization of volcanic rocks
deep in the greenstone pile. These fluids wére 'theﬁ
focussed and channelled upwards alﬁngvregional lineaments,
l.e. shear zones or ﬁaults. Pressure‘and temperature drops

across the amphibolite-greenschist facies boundéry
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partially controlled ore deposition. Reactions bétween
.aurfferous fluids and iron~-rich wall . rock is believed to be
another mechanism of ore deposition.

As mentioned above, the genesis of lode deposits
has been interpreted by some investiéators to be related to
magmatic intrusions. On the one hand, Mason and Melnik
(1986a,b) suggest a gold-rich porphyry \copper—type model
for the  -generation of' the ore bodies associated with the
Pearl Lake porphyry in the Timmins area. They favor an
emplacggent of the | mineralization in a tehsiphal
environmgnt, preceding regional deformation. 'On.the other
hand, Spooner et al. (1985), Burrows and Spooner (1986),‘
and Wood et al. (1986a,b) argue that the spatial
assbciatiop of the gold mineraiization withlthe_Pearl Lake.
porthry .is purely structural, and thét ; no genetic
relationshipf exists between them.. The latter authors
cohqlﬁﬂe that ore  deposition post—datés ‘reglional
deformation, and that a more digtant magma is the source of
the gold. Wood et al. (1986a), for insiance, ‘suggest that
", ..domal fonélite 'gneiss~granodiorite—quaftszonzonite—
type material which lntrudes the lower parts of Archean
greenstohe beltsf..might be a possible“indirect; or direct,
source region...". Hodgsoﬁ (1986) believes fhét gold ore
formed “in conjunction with late.stage intrusives, during
the last compressional event whiéh affected‘ the Abitibi

greenstone belt.
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Colvine et al. (1984), Fyon et al. (1984), Fyon
(1986), and Cameron 11988)_1ntegrate?granulitization of the
lower crust duel to mantle degeSSIng of carbon dioxide,
melting of the -lower“ crust, and large lon lithophile
elememt ‘redistribution within the crust to explain the
formation of Archean lode gold deposits.‘-This later model
includes a magmatic component.

The models noted above call upon a variety of gold |

sources. Intrusives are cited as a speclfic source by Mason
. \

and Melnik (1986a), Wood et al. (1%986a), Cameron and

Hattorl (1987), and Hattorl (1987). Researchers advocatling

"the metamdrphié model (e.g. Groves and Phillips, 1987) find

komatiltes to Ee.a eonvenient source. This cholce iépmainly
based on .the fact that there is a close spatial
relationship between komatiites and gold deposits (Pyke,
1976). Keays (1984, 1987) suggested that komatiites might
be a favorable __protolith enriched 1in gold above‘normal
backéround SdZ;L\gold could be‘leached out and transferfed
into interflow sediments at the sea-floor altetetionrstaée.
Subsequent metamorphism would tten remobilize gold and

concentrate it intO'ore bodies. However, unaltered primary

igneous rocks, ranging in composition from ultramafic to

feléic, commonly have low abundances (about 2 ppb) of gold

(Tilling et 'al., 1973; Kwong and Crocket, 1978). 1In

particular, a recent study by Crocket and MacRae (1i986) has
. .

shown that relatively fresh komatiites from Munro Township
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(Ontario) contaln an avérage of 2.5 ppb goldf There 1s no
lithology which can bé shown to be a more propltious local
source rock than another,

Sites of deposition which are suggested 1lnclude
structurally- prebaréd | sites (shear =zones), chemically
susceptible host :6cks‘(e.g., banded-iron formations, iron-
tholeliltes), and submar ine discharggrzonés. Thé cause of
deposition ;s usually attributéd to fluld destabilization
- due to pressure and/or temperature decrease,'to.fluid—wail
- rock 1n£eract;on. and hydraulid fractﬁring.'"

- Seward = (1973, l1984) - has demonstrated
expgrimentaily that 'thio-comblexgs ére very stéﬁle and
‘éenérate hlgh# gold solubility in hydrothermal fluiﬁs;
Curreﬁtly, there see;s to be & consensus that these are the
" main -compléxés carrying' gold in _Ardhean -hYdrothermal
Eiuids. Alternatively, gold chloride cémplexes are stable
in certain types of ‘hydrothermal f£fluids (Henley, 1973)5?
however, fluid inclusions indigate that salinities were low
in hydrdfherﬁal systems that ,Eogq;d: Archean lode gold
-deposifs,,placing' into doubt the possible présence of such
complexes. Kerrich and Eyfe (1981) sugéésted: that some of
the gold may be 'transpﬁrted aé carbonyl or carbonate
complex, since the hydrotherﬁal ,fluid responsiﬁle _fo;

alteration is carbon dioxide-rich.
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1.3. AREA .AND ﬂEgHOQS OF STUDRY

The Dome Mine in*'the Timmins area (Ontario)
presents ail the ingredients of an environﬁent that is
typical of Archean lode gold rdeposits (Holmes, 1968;
Rogers, 1982a,b) (see chapter 3).:With a production of 54
miilion ounces, the Timmins area (Pnrcupine mining camp)
has one of the largest gold produ;tions in the world. The
dee Mine is one of the three largest mines in the Timmins
gold camp (Hodgson and MacGeehan, 1982). The ore'body
selected for the present ‘study is a gdid—bearing Quartz-
Fuchsite vein, known to be the highest Ore"grade-ve;n in
the mine. .For convenience,'the term Quartz-Fuchsite vein
will be shortened in QFV. |

Several features of the QFV make it an attractive
target for an ore genesfﬁ study, which adresses the
objectives of th/Izﬁgsent research. From ‘a practical
aspect, the' QFV fairly easily accessible underground in
both vertical and horizontal dimensions. Since it 1s nearly
mined out, it is possible to gain-a complene view of this
- particular ore body. The QFV‘consistS~ of mindralizedﬁand
barrén dreas. ?his.prnvides. an opportunity to undertake a
nomparative study to determine cfe;related geological and
geochemical features.- _
- The QFV is located 1n what is thought to be a fault
zone,” and in spatial assoc1at;on with felsic porphyry

lensesl and two of"Fhe major 'quartz—feldspar porphyry
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intrusipns of the Timmins area, namely the Preston and the
Paymaster porphyries. This setting permits a Study, in time
. and space, of the relatipnship between mineralization, a
fault (i.e. a structural site) and local iﬁtrusions.

For most of"itsilength, the immediate wall rock of
the QFq_ is a single Strongly carbonatized rock unit, which
is probably an gltered komatiite. The QFV éommonly lies
very close to the‘ lithological contact with anothér rock
unif, namely slate; This preéénts' the opporfunity . to
evaluate several: factors including the &hemical influence,
if any, ﬁhat a inen'wall - rock exerted . on ore deposition,
the _signiﬁicénce of the stratabounéf’character of thé
mineralization, and .the “particular relationship -of
k'komatiité to.gold mineral?zation. |
. Gold is consistentl;!rassociated with.gaieha and

ﬁith.fuchsite and chlorite_bénding in the QFV.ﬂT%e lead and
:sulfur isotope coméositiqn of galena (lead sulﬁide) may
possibly be used to trace the source of gold.‘Banded
quartz, also called ribbon- or lam}nated—qﬁaftz, ts of high
ore grade in gold deposits. Its importance on ore
deposition may also be evaluated in the Dome Mine
geologicél setting.

Besides 1lead and sul fur isotope studies, the
methods of i vestlgatlon which were used include :

- field ;Q? ogy, particularly structural geoleogy aspects,

- petrogr lcal studies;



- major and trace element geochemistry;

~ microthermometric studies of fluid*inclusioné.

15



~analytical data.

CHAPTER 2
_METHODOLOGY

e
< o
2.1 LNTRODUCTION
X N

The multidisciplinary approach addpted in tha

H

present research ‘combines &'field observatlons. with

petrographic, geochehical and - fluid - incluéion
investig#tions. The field work and the maps provided by the
Dome Hine_were'used to establish the geologic framework for

the interpretation of the subsequent petrographic and
L4 . S

2.2. FIELD STUDY
The field study wﬁs urnider taken' to map the esséntial
structural elements of - the QFV, and to investigate its

relationship with dharacteristic "features or étructures

presert in the wall rock, such as foliation, §uartz veining

A

dr alteration. The essential geeologiecal characteriétiés
related to mineralization were Viaentified with a
comparafive ’ degbriptidn of gold-producing and barren
domains of the QFV. anélly, the QFV and the wall rocks

were sampled for further petrographic, geochemical and

'fluid inclusion studies.

16
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Geological mapping of the llphologicall unifs.was
not carried out, since excellent méps'ét a scale of 1 inch'
to 30 Eeet'(izasoi‘were provided by the Geology Depértment.-
of the Dome Mine. All additional informatioh collected by
the author was recorded on these maps at a 1:360 scale.
'The QFv exteng; froﬁ the 6thf1éve1 of;éhe'Doh;%Mine
downwards to the 17th level. Levéls are Separatgd byfiSO'
feat (46 m). Happing and sampling was possible on levels 8,

1d, 12, 13, 15, 16, and 17, as well as in producing stopes

Description of the vein and sampliqg is biased towards ore_
zopés, since 'mining is concentratea in gold-produciig.
2pnes.. Thus, béffen domains ';of the vein ¥ﬁéfe .only

accessible along drives on the levels, an; nevér on their

full lengthllhccess to the wall rock of the QFV was limited -
.to its 1mmediate vicinity, 'usually at the most 1 tb 2 m

away from tﬁe vein. This restrlction 1s 1mposed by the cqt

and £ill stoping method’ (Thomas, 1978) used to mine out the
_ore zopes. Only a_few cross—cuts on.the_ levels 8, 12, 13,%
.and . 17'.permit£ed access to th-qélli}ppks ataa‘gféatey:,
dist#nce'from'the Qrv. Diémond drilligg is widéiy ﬁsed_as
an egp}oration tool in 'the. Dome Mine (Rogers, 1982a):
unfortunately, ail the cores ére assayed, thus efiminatipg
a further possibilit& for examination of thé'wélixroéks at

*

some distancg)from the QFV.

The shape of the QFV has been represented with the

help of a Conolly‘contoﬁr diagram (Conolly, 1936; see also
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Garnett, 1966; Taylor, 1966). Gold grédes have also been

dontoufed, and superimposed anto the Conolly diagram.,
Unfortﬁnately, the width ofr the‘QFV is highly irregular,
and not.'enough maps from stopes Qere avai;able-to trace a
reliable vein-thickness conthur diagram, The method of

constructing a Conolly_diagram is summarized in Appendix I.

'2.3. MINERALOGY

Samples from the QFV and the wall rocks were
examined petrd@raphically'gn both transmitted and reflected
light mode, in order to identify their mineralogy and
describe thgir texture.

_.The darbonate minerglogy of ﬁhe wail rocks was
detefmined :by- X-ray diffraction s&XRD).: This method was -
founé to be the most efficient in idenfifyiqg-carbonates
from“altereé - rocks Enrlgold .camﬁg from the.Abgtibi belt
(T-ihor, 1978). However, it does not allow ‘dolomite, éer_roan
folgmite and ankerite to be ,diff_erentialted, because their
diagnosfic X-ray reflection ﬁeaks ‘are virtué;iy identical
at - 30;90 28, Fryer ;t al. . (1979) publisﬁed microprobé
analyses of similar carbonate material from the Dome Mine,
whicﬁ shows éhat this-\phase is "a ferroan dolomite. Thus,
the ﬁregence of a peak at 30.90 28 " is arbitrarily referred
to as ferroan dolomite in,this sfudy. XRD!&as.alsb used to
identify the fype of mica land cﬁloritg ﬁresent iﬁ the

-banding of the QFV. Whole rock powders for the carbonates,
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'2.4. GEOCHEMISTRY , L ’
2.4.1. ) t i emical apalvysis:

@ . . 19

and mineral powder for the micas .and the chlorites, were

crughed to pass 20b.”mesh. The powder was slurred onto a
) a

.glass slide using acetone and scanned from 25° to 330 26

for cakbonates, ‘and from 0° to 90° 20 for micas and

-

chlorites, using CuK radiation produced at 30) kV and 16 mA.

The optical ;dentification of same opaque minerals, .

particularly Eelluridés, was verified by scanning electron

microscopy (SEM). The possible presence of gold within

pyrite was also examined using. SEM. \ o .
,‘ T ) D

1 X . ¥
Whole rocks were broken with a jaw crugper, and

theh‘grpund t9.-200 mesh using a éeramic .disk grinder, and'

) 7 -

a tungéten carbide shatter box. Chiorites,' micas and

. galenas were sortéd,ouf'by h9ndpicking from rock fragments

.

65 the Q%V. Pyrites were sepsrated from the QFV and wall
rock saﬁples by d}géstion in concentrated hydrofluoric acid
(HF) (Neuerburg, 31975). Purity of mineral separates was
checked with a binocular microscope. Chlorites and micas
were ground . to pass 200 mesh using a steel mortar. Galenas
and pyrites weré pulverizedA with an- agaté mortar. cleanea

with nitric acid (HNO3) between each grinding.

vk -
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2.4.2. X= uore. : VE |

Concentrations of major and trace elements were
determined on fusion (Norrish and Hutton,_1969) and pressed

powder (Harchand 1973) ‘pellets, respectively. Analyses

were carried dnt on a PW 1450 Philips automatic sequential

spectrometer. Anal%tical_ precedures-involved the follewingi"
five routines : major elements, Rb - Sr - ¢ - Zr — Nb,
Bi -Co -Cr -V - 2n - Cu, Pb, and S.

’Accuracy A.of analyses was monitered" using'
.international rock standards, including PCC- 1 chli JB-1,
NIM-P, NIM-D, SCo-1, NIH—G, Mica-Mg, and Mica—Fe. Machine
variation was corrected using a dtift monitor standard with
each. set -of  three samples. Precision, accuracy and

' detection limit estimates of XRF analyses are presented in

- -

Appendix II.1. T
The Co concentrations have not beeniused'throughdut
the present study, because of peSSible contaminetion fram

the tungsten carbide 8hatter box (Thompson and Bankston,

1970). .

2 4. 3 Neutroq ggtivg;j on_analvsis (NAA)

Instrumental and. radiochemical NAA- was. used‘to
fdeté?nine trace element concentrations’ in whole rock.
‘samples end mineral separates. Polystyrene vials were used
as sample containers for all irradiations, except for Ir

concentration‘determinations.;Irradiations were carried out

-

R
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in a high'flux poéition in the McMaster University reactor.

Analytical procedures involved four separate routines :

1) Rare earth elements (REE)

The procedure generéliy foilows that‘ of Jacobs et al.
(1977). Each irradiation paékage consisted of 14 whoie.rock
_or mineral separaﬁe samples of.approximatelyll g weight and
two 0.5 g rack stanaards (?TH—I, AC{(Open Univénsity{Rock
Standard: 6URS))L La and Sm were determined three days
after a £irat_ifradiation of 2 MW haurs. After one month
caoling,the samples were irradiated a'second time for 7 MW
hours. Foliowing a decay period,of 13 days, the abundances
‘of the remaining REE (Ce, N4, Eu, Tm, _ Tb, Lu, Yb) and Th
were then‘determined. The majority of_samples analyzed were
komatiiteaﬁ‘Kbmatiitéa are known to have 1ow.§EE content
(e.g., Sun and Nesbitt, 1978). Thus, Eu was the only REE
which could be detected after an additianaiftwo months of
"decay. REE abundances were normalized to éhondrite valuea

from Haskin et al. (1968).

2) Au - W - As - éb (short lived elements) :

* Each irradiation package consisted of 12 whole rock samples
'of approximately 0.8 g weight é international standards

(Sco—i, SGR-1) weighing approximately 0.5 g,'and 2 chemical

: atandards_(i e., silica powder doped - with known amounts of

1me;ai, kindly ‘prepa:ed by A.Xabir, McMaster University)

i
Y
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weigh;ng‘approximately 0.2 g. Samples were counted 3 days.

after a 2 MW hour irradiation.

3) Rb - Zr - Ba - Th - HE - Cs - Ta -~ Ni -Cr '~ Sc - Sb-

Co (long lived elements) :

Fach irradiation package consistgd of 14 whole rock or
mineral separaté samples, and 2 internation#l standards

| (STM-1, NIM—D}.“Samplés were irradiatedlgor 7 MW hours. A

15 days cooling period elépsed before counting.

3) Ir : °

-

Ir abundancéé of 10 whole rock Samﬁles and-minefal‘sgparatE‘
samples were obta;ned"by A.Kabir by " radiochémical NAA

following the ?rocedure_éescribéd bf Crocket ét al. (1968).

hpproximately 200 mg of sample were irradiated in é gquartz

vial._Standards we;e prepafed by A.Kabir.

Countihg Wwas cérr;ed out 6n"a io% efficiént,
coaxial intrinsip germanium detectoga (Aptec Engiheefiné
Limited,*Toronto,fHodEi C510), linked to a Canberra, Serles
80;‘multichannel analyzer. An account of analytical efrﬁrs
is included in Appendik TI.2.

Due to possible contamination during grinding in

.the tungsten carbide: shatpér box (Thompson and Bankston,

e
Rl

1970), W and Co abundances are nct considered.reliable.r
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Rb, 2r, Cr, and Ni abundances were obtained by both

ARF and NAA. Values obtained by XRF are used in—the preEEnt
stud§, in order to compare them to data published in the
literature. Abundances  of .these elements are commonly
obtained by XRF analxsis However. Cr, Ni and Rb abundances
obtalned by NAA aee used when ‘discussing the geochemistry
of the banding eresent in the QFV, since no pressed powder

pellets were made for samples from this banding.

2.4.4, Qsie;minﬁiign_gﬁ_zgiﬁiiiea

Loss .on - ignition (LOI) was, measured by firing

~

epproximately 3 g of powdered sample_.at 10000C £or 30
minutes in an electric-fﬁ:nace. | . | |
Fﬁsion of approximately 0.3 g of -powdered sahpie in

a LECO ihddction furnace vielded total carbon which was
calculated as carbon dioxide (CO,). |

N Since”the whole rock samples consist predominanfly
JWOf carbonate- and hydroxyl—bearing .minerals, total water

\

(H20) is given by the dlfference between LOI and CO,.
_ . |

2.4.5. Eglgg; isotopes
Zﬁ::) ) Pyrite and galena samples were converted to sulfur
’ dioxide (505} by burning at 13509C, in the p;esence of
copper monoxide (CuQ). In some ceses pyrite ﬁas'previouSIYJ
converted to silver sulflde (AQQSi,-and ~then bkidized ;o

SO0z (Thode et al:,. 1961). Sulfur isotope analyses were
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performed on a double-collector mass spectrometer (Thode
and Rees, 1971; Rees, 1978), The 6343 data are given with
respect to the Canyon Diablo Troilite standard (CDT).
Pfeqision expressed as the standard deviation of a éingle
determination is ¢+ 0.2 9/w,
2.4.6. Lead isotopés

Rock sample splits .weighing approximétely 300 mg

o

were digested in HF for four ‘days, followed by a twelve

hour dissolution in HNO3 and f;nally _another‘twélve:houf

digestion in hydrochloric‘acid- kHCl). The dry residue was

dissolved in 1 M hydrobromic acid (HBr). Pb was separated

by anionic exchange in HBr columns, and collected with 6 M
HCl solution. Galenas were dissolved in 0.01 M HNO,, and Pb
was purified by electrodeposition on a Pt-electrode (Arden

and Gale, 1974). , ' | -

-

Isotopic ratios were' measured on a VG 365 mass

_spectrometer;frhe ~accuracy of the Pb isotopic coﬁposiﬁion'

measurements was assessed by replicate: analyses of the NBS

SRM 981 standard. The two main errors that -affect the

analyses are mass dependent"isotopic fractionation in the
u mass"spectromefer and accuracy in measurement of Ehe small
zung.peék. Both Sf thaée parametefs can. be estimated from
day-to-day *variafion cf analyses of a particular sample

(Doe et al., 1966). This estimation was performed with

replicate analyses of the NBS SRM 981 standard. Within-ran

E o —



-

25
precision averaged 0.056% (20) and 0.006% (ch.for whole
rocks and ‘galenas, respectively. Between-run precision is
estimated to be 0.1%-(lo) for both whole rocks and galenas.
Analytical errors__afe discussed in more detail in Appendix

II.3. Total processing blanks were below 1.5 ng.

2.5. FLUID INCLUSIONS ~

| Hicrothermcmetric measurements were performed on
quartz samples from the QFV and from quartz veins present
in the wall rocks.. Samples consisted of doubly polished,
unmounted 100 um to 200 ym thick secticns’érepared by
Vancouver Petrographics Ltd. Ffagments of ebbuf 25 mm

square were most easily handled.’ , i

The £luid inclusions were examined with a Nikon

- AFX-II petrographic ‘/;Earosc/pe equipped with a U.S. .

Geclog;cal Survey gas flq?ﬂ .ting-freezigg SEége (Werre et
al.,iS]B; Woods et al., 1981). A Leitz L32 1long focus
objective was used, with whxsh a maximum magniflcation of ‘
480 tlmes was obtained. Most 1nc1usions were: too small (52

um) to be adequately v1ewed‘at°this magnification. Cnly a

- few inclgéions were large enough (between 2 and . 10-im) to

permit precise measurements. Cayﬁbration of the'heaéihg—

freezihg stage, and accuracy and 'precision of . the

analytical results are dlscussed in Appendlx I1.4. _
 The approximat@} composition of the flulds‘infthe

inclusions is determined by direct observation of phase
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changes in '1ndividua1 inclusionsr and by comparing the
observed temperatﬁres with experimentally determined phase
equilibria for approp;iate synthetic chemical systema. Most
£luids in the earth's crust fall in the C-0-H-§ + salt
system {Hoiloway, 1981). A large fraction of all fluid
inclusions consist almost entirely of Ha0, CO,, and NaCl
(smaller concentratiens of KC1, CaClz, and other chlorides‘
may also- be present, but salinities are commonly givenrin
equivalent  NaCl 'wt  %). The interpretation of
'microthermometric measurements of fluid inclusions 1is
ltherefore essentially founded upon the knowledge of simple
binary systems, such as Hq0-CO,;, H,0-NaCl, angd COQ—CHq
- (Roedder, 1984).

ﬁ .The\use _of the 'micfethermometric technique allows
one to measure the following phase ghanges (Hollister and -

Burruss, 1976; Ramboz, 1980)

- TmCO

5 = tempefatﬁre of melting of CO,.
= TmI = temperatufe of melting of ice.
= TmC = temperature of melting of C02 and/or CHq

clathrate hydrate

ThCO

2 temperature of'homogeaization of coz;
- Th = temperature of homogenization of the fluid

inclusion. i -
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’CH§PTER 3
GEOLOGICAL SETTING
. ]
3.1. REGIONAL GEOLOGY ‘

The geﬁlogy of the Timmins area has been discussed
by Dunbar (1948), Ferguson et al. (1968). Davies (19773,
querts f19§1). Pyke (1981,1982), Hodgson (1983),,and_Mas;n
and Brisbin (1987). - o ”

Witﬁ.thé{éxcéption of a few diabgéewdikes and hinor
Middleﬂ_Precambfran sgdimentary' rdéké, the Sedrock in the
:sféa is of Archean agé ﬁFig. 3-1). Two cyclestof volcanic
rocks are recognizéd, The older Delbro Grbup is donfined to'
the. southern aréa oflthe-mining,camp, It is largeiy a cale-
'alkaline'éequence, composed mainly qf andésite and basalt

flows in the lower part, grading to dacitic flows with

-

'daciﬁic and rhyeclitic pyroclastic rocks towards the toﬁ.
IfOn formatiogs.are common at or néar the top of the groug.
A mgjor change 1in volcanism® marks the beginning of the
_younger Tisﬁale Group. Its basal formation consists largely -
of ultramafic Qolcanic rocks and‘baséltic komatiites. These
rocks are in turn overlain‘ by a thick sequence of
tholeiitic basalts. The wuppermost formation is largely
vqlcaniclastic units of a cale-alkaline dacite composition

27



Figure 3-1
_A: Generalized geology of the Timmins area (after Ferguson

et al.; Davies, 1977; Roberts, 1981:; Pyke, 1982; Hodgson,

1983).

. B: Distribution of stratigraphic units in the Timmins area.

(after Pyke, 1982).

1: Preston porphyry,

2: Paymaster porphyry,

3d: Preston West porphyry,
4:; Pearl Lake porphyry,
D.F.: Dome fault,

P.S.: Porcuplne syncline,

C.T.A.: Central Tisdale anticline,
S.T.A.: South Tisdale anticline,
I eloro Group,
I Tisdale Group

I:



O Porphyries N . III/ T
V7774 Sediments o / 7//// ’2’:/ %\
‘ ' pros. 1111/

bawsast  Felsic volcanics __ I ///f ; : pN
‘ Basalts | /,-,/ / /;;:// i |
1 T w

Komatiites /” / —=1 = [B

® Gold deposit -~ Fault o



29
(Pyke, 1982). Metasediments, mainly a turbidite %equence,
consist dominantly of interlayered wacke, siltstone} and
conglometate. Aocording to- Pyke (1982), tnie sediment:
' seqyence is time equivalent to the upper part of the Deloro
Group and- the entire Tisdale Group. A thin unit of f£luvial
deposits is developed at‘ the top of the clastic sequence
(Pyke, 1982): - Hodgson (1983)  has questioned' the
aforementioned stratigfaphic interpretation, and places the
deposition of the turbidite sequence after the Eormation of

Y
the Tisdale Group. |

Small quartz-feldspar .vporbhyryﬂ bodies are - a
distinctive lithological. compdnent of the Timmins mining
‘oamp. The largest potphyry bodies are the . Pearl Lake
porphyry, with lthe adjaoent Gillies Lake, Miller Lake,
Crown and Corniaurum porphyries in the northwestern part of
’the mining camp, and the Paymaster, Preston and Preston
West porphyries in the southeastern part {Ferguson et al..

1968) - (Fig. 3-1). The mode of empiecementiof many porphyry

bodies, either. intrusive or extrusive, "'is - still not ..

raesoglved and remains controversial (Pyke, 1982)

No faults are observed in surface mapping (Ferguson.
et al., 1968)17Thus, in the Timmins area, proposed faults
and - their preoise location very according to the
interpregation of 'one author or dnother. The most.widely
accepted [‘ﬁault is the major 'north‘e"ast striking Destor-

Porcupine Fault which sepirates volcanic " rocks of the

G
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Tlsdale Group and younger _sedimeptarnw_rocks from the
predominantly volcanic rocks of thé Deloro Group to the
south. The Burrows~Benedict Fault is the most;prbminent. of
a number qfllate northvwest striking faults (Davies, 1972;?'
Roberté, 1981{.Pyke,'i982). Various other minor faults have
been bropqsed ~such . as the Hollinger Faulf, the Vipond
Fault, and the Dome _Fault (Ferguson et al,, ;968; Davies,
1977; Hodgson, 1983, 1986). "

One bf‘éhe dominant.structures north of.the Destor-
Porcupine Fault 1is the Porc&ping Synq;ine; which cldses in
‘the west and plunges to the northeast (Fig. 3-1). It is
flanked on ﬁhe'nonthwest by thg Centfal Tisdale Anticline
'and-on the southwest by the South Tisdale.Antic1ine.‘Davies
(1977), Roberts (1981). and Pyke (1982) .interpret these
structures to ,represént'twﬁ periods df foldihg, with the
ﬁorcupinersfﬁcline\as the ycunger structuré.‘Altérnatiqely,
Hodgson (1983, 1986) prdposed‘” that folloﬁihg' Tisdale
volcanism and _deposition of‘the lswer sédiment formations,
- the strata were rofated into subvgrtical' attitudés along
fiistrié( normal faults. Erosion followed and. the upper
sediment formétions were deposited. Both sequences were
then folded, after which they were cut by major faults.
Followiﬁg folding, a pene?rativé east-west foliéﬁion aﬁd .
strong east plunging lineatiog was imparted té the

. .

volcanic, sedimentary and intrusive rocks (Roberts et al.,

1978; Roberts, 1981; Hodgson, 1983, 1986).

N
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U-Pb zircon ad%es of 2725 + 2 and 2703 ¢ 2 million

years (m.y.), (Nunes and DPyke, 1980, 1881) . have been -
ob?ained for thelfelsic volcanic rocks at the top of the
Deloro and Tisdale Groups, respectively. The Pearl Lake and
Preston poqghyriés have é;U—Pb.zircon ége of 2665 t 3 m;y.
(S.ﬂarmon%@}n Masliwecng’/gl.. 1986; S.Marmont in Fyon,
1986). On the basis of K-Ar. ages, Leech (in Ferguson et
al., 1968) determined that the diabase dikes crosscutting
tﬁe Arbhean. volcanic rocks in the immediate Timmins area
"{Tisdale Township) are of Hiddle to ALate Precambrian aée.
_Pykel(1982i .alsgﬁbglgeves that some of the dikes are of
'Early Precambrian age. | | :
iThe rocks in the Timmins ‘a;ea have 'uhderéone
severai oﬁerlapping :events-of meﬁamorphism'and'éltefatioq
‘(Fyon; 19867 . - Initial seawater alteratibn wasroverprintedl
by . burigi . metamorphigm to prehnité;pumpelly;te grade
H(Jol.ly: 1978, 1980, 1982). Some areas were locally affected
by hydrothermal alteration (Ferguson et al.;‘iBGB; Davies
%nd Luhta, 1978; Karvinen, 1982; Fyon and Crocket, 1982
"Pyke,,1982;. Fyon, 1986; Mason and Mel‘- 1986a,b), and by
wontact metamorphism to dreenschist aqg amphibolité fa;ies '
(Jolly, 1978, 1980, 1982). The temporal relationship
between the élterétio typeg cannot q%.‘é//ba‘a_sily deciphered
. due to coﬁtact metamorphism. Fyon (198&) has shown that

carbonate alteration of the volcanic rocks from tbe Tisdale

Group occurred in  several stagesf Precipiéation of

L
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hydrothermal calcite started when the volcanic sequence .
underwent 1low tgmperature, seawater élteration. It was
overprinted -by / a more intense carbonate alteration,
characterized by fefrban ‘dolomite-ﬁich éssemblages.
Acbording to Fyon (19865, the intense carbonatization event
either .predated - or - devéloped -synchronously with the
“regional deformation and greenschist metamorphism.
' _”_Hogf 6f the gold deposits are located in the
Tisdale Group, norfh of the Destor—quﬁupine Fault (Fig. 3~ _
1). Virtually all the gold ‘production from the area has
- been - from | quértzmcarbonate ~ veins in the volcanLc;
‘sediméhfary anq‘intrusive rocks (Ferguson 'et‘ al.;'1963;
Pyke, 1982). Although’gold mineral}zation may occur within
. zones of carbonate alte:étion (Ferguson-ét‘ al., 1968;°Fyon
~and Crocket)f 1982; kafvinen, 1982; Pyke, 1982), not all
zones of 'carbonatg alteration ~are associated with gold
mineralization (Hodgson, 1983; Fyon," 1986){ It has‘long
been recognized fhat many' auriferous guartz veins are in‘
close proximiéy_ to fquartz-feldsp%r poiphyry stocks
(Ferguson et-al., 1968). |
- The time of gold-ore -formaﬁion in the.geological
evolution of the Timmins area is still a matter of debate.
On the one ﬁahd, Roberts et al. (1878), Roberts (1981),

=]

Hodgéon (1983, 1986), and Brisbin and Mason (1987) argue
for the emplacement_ of gold mineralization before the

development of - 'the penetrative east-west foliation and the
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strong east plunging lineation. This is also favored by

Mason and Melnik (iSBSa,b), who interpret the small
porphyry copper deposit hosted by the'ﬁez?ﬁ Lake porphyry
(Davies and ,Puhta,‘ 1978)' as an Archean gold dominated.
porph&ry copper sfstem,-emqgaced befére the devVelopment of
any penetrative fabric. On the _other hand, Fryer et al.

(1979), Kerrich and Fryer (1979), Spooner et al. (1985),

— g
» .

N

Burrows and Spooner (4986), ahd Wood et al. (1986a by =
advocate a late introduction of gold, - postdating the

development of the penetrative foliation'agd the lineation.

a2, DOME MINE GEOLQGY

- rhé'geology of the Dome Mine has been described by
Holmes (1968) and Rogers (1982a, b) Some specific
_ :geological peerqéréphic and geochemical aspects <of the
.Dome Mine were studied by Fryer et al. (1979), Kerriqh and
Fryer (1979), Roﬁeyts (1981), Robe;ﬁsoand Reeding (£981),_ =
Reading et al. (1982), and.HcAuley (1983). A s'implified m |
. of the geology of fhe Dome Mine  is presented in figure 3-2.
' The Dome Mine lies on ”éhe south ‘limb of tﬁe
,Po;cupine Synél‘ne. (Fig. 3-1). In‘the centrel_part-of t%e
mi;e, ;;ieenic ocks are ;verlain by, metemorphcsed slates
and coeg;omerates.f'*This folded . asseﬁblage plunges
nerf?easterly.and‘cieates the structere referred to as the.

"Greenstone Nose?®, ;To the north of the "Greenstone Nose"

lies a body of felszc pyroclastic rocks called "Gold Center

. - N .
. -
. o N -
. ’
. . N
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Pofphyry" in mine terminology. This ~latter‘ unit is

band of carbonaceous slates. South of the//
L
"~outh Greenstone" a serles of/

surrounded by

sedimentary roffks lie th

south-dippingjmassive .ha ic flows. The "South Greenbtone"
are bounded on the southeast by the Destor-Porcupine Fault
and on the northwest by a zone of carbonatized rocks and-
aItergd porphyries trending _northeast (Holmes, 1968;
Rogers., 1982a,b). This latter zone hosts the QFvV.

On thg mine plans, rocks of this zone ar® mapped %s
"Pdrphyry",."garbonate Rock".fand‘ﬁﬂighly Altered" (Holmeg,
1968), EachAfrock type. forms bodies usualiy' elongated
parallel tp {he zone, but irregulariy‘ arrénged within it,
Lenses of _slates are present as well. To the east, the ~
rocks of the zone betweeﬁ the '"South Greenstones". and the
sedimqpts change to talcose rocks. To the west the ioné'of
;carbdhatized 'rocké and altered porphyry 1lenses bends
southward befween the two mgjdr quartz-feldspar borphyries
of the qugxMihe"envircnmgnt,-the Preston and the Paymaste;
pérphyries. The. "Carbonate Rock" is composed dominantly of
magnesite, dolqmite, quartz, and chlorite. It -is often
coarse graineds and méssibé, but locally schistose. "Highly
Altgred" r;ckslhave the same mineralogical characteristics‘
as the "Carbonate Baek", #ith tﬁe difference-thaﬁ fuchslite

{cHrome—bearing'muscovite) is present 'rn variable amounts.

*

This zone of altered rocks is presumed to occupy a fault

- ' . '

-zohe, namely the Dome ‘Fault, which is thought %o be a

~
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 branch_o£ tﬂé major DeStor-Porcupine Fault }Holmes, l9e68;
Davies, 1977; Rogeks, 1982a; Hodgson, 1983). However,
according to Roberts (1981) a;d Roberts and Reading (1981)
there is no evidence for .major displacements along this
zone, and they suggest ?Bat the’ metasediments, the altered
rocks and the "South Greenstones" are a continuous
sequence. In this latter interpretation the zone of altered
rocks and the "Sbuth Greenstones" conétitutq a volcanic
'sequence that pr;gresses from komatiites at the base,
through mafic kbmatiites, o hagnesium—rich tholeites at
the top (Roberp;_and Reading, 1981).‘ Fryer et al. (1979)
also favor a“,k;matiitic p otolifh for the carbonatized
rocks.

| The Preston, ang Paymaster'porphyfies, as well as
the poréhyry lenses from the }one of altered rocks were
studied.by McAuley (1983). Their mineralogy is dominated by
phenocrysts of albitid feldspar and qQarti in a matrix of
quartzo~feldspathic minerals,. sericite and carbonate. Late
stage‘veins containing quartz, carbonate, albite, sericite,
byfite and  tourmaline cut the previous minefal phases. The
pérphyry' lenses  from the altered rock zone are’
petrographicaliy similar to the Prestqn‘porphyry. The main -
difference is that these porphyry lénses_are apt to be much
more - schistoée and carbonatized. Two metasomatic evénts
. have affected the porphyries : a sericite alteratiqn, bre—

or syn—Kinematic to regional folding, which was followéd by
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albitization. Thishlatter meﬁasomatic event developed after
regional délormepion and metamorphism (McAuley, 1983). The
effects of the two - metasomatic - events have obliterated
primary ta&tures and little is known about their original
nature. Holmes (1968) and McAuley (1953) indicate that the
Paymaster and Preston porphyries are discordant wirh

espect to the volcanic stratigraphy, which suggests an

intrusive npature. McAuley (1983)-aiso ooncludeS'that all
orphyries are'oogenetic and predate regional megamorphisn.'

Gold ore is found in - a. number of *different rock

types and in association with various stchtural settings
(Holmes, 1968; Ro;ere; 1982a,b) (Table 3- Y. As mentioned
above, Roberts et al. (1978i, Roberts ' (1981) and Hodgson
(1983) propose that the majority of: the'ﬁe bodies were
formed before the development of the penetrative planar and
linear fabric, whereas Fryer et al. (1979) and Kerrich and
Fryer (1979) favor an emplacement Eollowing foliation and
lineation development The ankerlte veins (Table 3-1, type
Ia) have for some time been interpreted as chemical
sediments of volcanic exhalatlve origin, and thus have been

used as one of the key arguments for the early introduction

of gold 1n the Timmins area .(Fryer et al., 1979; Kerrich:

‘and Fryey, 1979; Roberts, 1981; Karvinen, 1982; Reading et
.al., 1982). However, the sedimentary origin of the ankerite -

veins as been plaeea\einzo/ doubt by Hodgson (1983) and
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Macdeonald (1984); additionally, Roberts (1987) has
reinterpreted the ankerite units as shear zones. -
A crystallization age of 2685 ¢ 3 m.y. was_obtained
by U-Pb dating_ of zircon for '-the Preston porphyry
(S.Marmont ' in Masliwec et al., 1986). Masliwec et al.
(1986) oLtained an 40ar/3%r age of, 2633 * 6 m.y. for
fuchsite associated with - gold mineralization in the Dome
Mine. This latter age represeﬁts the minimum eﬁtimateiof
therage of the mica. Thu;i Hasliwéc et al. (1986) élaée £he
age o# fbrmation of the Dome Mine gold deposits between
2633 ¢+ - 6 m.y. and 2é35g¢,3 m.y.., since thgy COﬁsider.gold
emplacement to be syn- or bﬁ;—fuchéite, and post-dating the

porphyries.



TYPE OF ORE BGDY : S

CONMON HOST ROCK

Type [

[

Long narrow veins in schist,
parallel to the general trend
of the formations,

Ita) - Ankerite veins

ithﬁ - Quartz-toursaline veins

Ic) -'Qua[ﬁz-fuchsite_véin

Hetavolcanic rocks of the "Greenstone Nose®

Nainly in *Highly altered"-rocks

L

Carbenate rock

v

Type iI :

Lenticular or irregular
"tension" veins in both massive
and schistose rocks

IT(a) - Quartz veins arranged’
en echelon (Dacite ore)

II(h) - Stockvorks

11{c) - Stockvorks

Metavolcanic rocks of the “Sreenstone Nose®

Parphyry and "Highly altered® rocks

-| - Generally in conglomerates, between the

Paywaster porphyry and the *Greenstone Nose®

Type III:

Hineralized rock

1 congloleratesﬁglong the "Greenstone Mose’,
some are inside the "Greenstone Hose”

Type IV :

Silicified Greenctone

"South freenstone’

Table 3-1, Classification of ore deposits at the Dome Mine
(after Holmes (1968) and Regers (1982a)).
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- CHAPTER 4
WALL ROCKS OF THE QUARTZ—FUCHSITE VEIN

4.1. INTRODUCTION

The QFV is located in the zone of carbonatizeé}a

rocks and altered porphyries, at the ‘contact between the

carbonate rocks and slate; (Figs. 3-2 and 5-1). In order to

' understand.the genesis of £he gold mineralization stted by
the-_QFV, the mineralogy and the 1lithochemistry of the
immediate wall rﬁcks.need‘to be ' documented. In\pértibu;ar,
the pattern of wall rock alteration has to be elucidated.

AS mentioded éaflier, the rocks of the Timmins area

have undergone severél superimposéﬁ__stages of metamoﬁ%hism

and alteration. It can probably be assumed that all rocks

ha¥g éqffered-the same degree of burial metamorphism, and

seawater alteration. Alteration due to ore-bearing or other

~hydrothermal fluids was probabiy‘ more localized. ‘Thus, a
comparison of altered wall rocks of the QFG‘and relatively
."ffgsher" counterpaftsishou%d' allow one to .evaluate the
changes in element a;stributi;n associated with the ore-

bearing fluid. This approach is wvalid, provided that any

subsequent 'metamorphic event did not modify the element_

distribution resulting from the hydrothermal alteration.

40
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It can be expected that slates and carbonate rocks
reacted differently to the various metasomatic events,
sinée their original mineralogy, texture and rchemical
composition werg certainly different. The-origigal nature
and chemistry of both rock types will be established first,

so that the effects of hydrothermal. alteration can be

evaluated.

4.2. SLATES: _
- a.2.1. Mineraloaqv and texture

The slates aéé composed chiefly of quartz,
chlorite, and muscovite. With minor pyrite and carbonates.
They are fine—gfained and ‘well—bedded. Black . dense
érgillaceous beds alternate with light-coloured beds and
ffequently show gréin size gradation by which the tops can
be determined (Holmes, 1968).

No changes in texture or miheralogy can be obs;rved
dn abproaching the conﬁact with the carbonate rocks or the

QFV.'Visible'élteration zones are absent.

4.2.2, Lithoche

Major and trace eiement geochemistry of the'slatés
from the Dome Mine is fairly typica@ of Archean shales
{Table 411). Various factors control the compositio? of
shales (Taylof and McLennan, 1985; Wronkiewicz and Condie,

1987). Among these, . mobilization of elements 'during
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metamorphism and gréin-size effect (mineralogical control)
have to be taken into consideration, before the effects of
hydrothermal alteration assoclated with the QFV can be
gvaluated.' '_

The 'effects of metamorphism on the mobility of
eleﬁgnts iﬁ slates is -poorly understood. Some séudies
indicate that major ahd trace element changes are ﬁinimél
during regional métamorphism (Shaw 1954, 1956; Condie and
Martell, 1983). 1In cﬁnfrést, mobility of.éome‘elements
(large ion 1lithophile and high £ield strength elements
(HFSE)), as well as fractionation among rare earth elements
(REE) has been suggested by some wbrkers,respeciaiiy during
'low—gfade metamorphism (Hower et al., 1976; Hefriman et
al.;_1§86). Comparative studies on the Nortﬁ American Shale
Composite and its ‘metamorphosed equivalent shoﬁ that
element ébundancg variations between the two compositeé-are
relatively small (<15% for REE, Rb, SiOz,lTioz and Alj03;y
betweén 15 and 25% for %r, Cs, Ba, HE, Ta .and Th) (Gromet
et al., 1984). Furthermore, Taylor and McLennan (198%)
indlcate.that.REE have very 1large mineral-aqueous fluid
distribution coefficients, and suggest t%;g Gery high

water-rock ratios would be necessary to cause important

‘_ changes in REE patterns during metamorphism. Despite

" differing opinions 1in ‘the Iiterature, it appears that
3
metamorphism does not greatly affect the composition of

shales.
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Small resistate phases such as zircon, magnetite,

monézite and tourmaline might be present in shales and

| might be responsible for variations in REE and HFSE between

samples (Gromet et al., 1984)., TQg, fairly consistent

chemical composition and inter—element ratios between the

slate 'saﬁples suégest that ttete is no significant

mineralogiéal control due . to ifregulérly distributed
accessory phasés'(Téble 4-1, fig.4-1).

' Thus, a possible teaction betﬁeen the slates énd
the ore-bearing fluid might ‘be revealed by distinctive
compositional variations. at their contact with the
carbonate rocks and the QFV. 7

Kerrich anthryer (1979) suggestéd a genetic link
between the tlaté; and .the porphyries of the boﬁe Mine
environment based on REE patterns. Thisﬁﬁgﬁggestion is
partlallyégpbstantiated in the present study. However, the
REE patterns obtained for the slates in the , present study
. are less depleted iﬁ ﬁétﬁy REE. than the average patterns
obtained for the quartzFfeldspar porphyries ttom the Dome
'Hine envxronment (Fig. 4-1). A éécond coﬁpdnent other than
_the porphyries is cailedy for. Taylor and McLennan (1985)
- suggested .that .the geochemistry 'of Archean sedimentary
rocks is best exélained by a mixture of mafic volcanics and
felsic rocks. This observation probably applieé to the
slates of the Dome Mine, that is the slates were'deri;zaw’

‘from local porphyries and mafic volcanlics.
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10001A  10001B 10001C 12532 12534 12535 12537
Dist, ) 2 I 7S S | 5 10 35
§i02 60.56  36.55  69.49 63,32 6590 6L.98 666
AL203 18,85 2072 1446 18,18 1597  18.93 ° 15.27
Fe203 697" .27 578 658 621 657 5.42
Mg0 290 378 255 . 316 275 270 3.1
Cab - 0,50 018 023 0.08 0.9  0.35 1,38
Na20 10 L7210 410 - 258 240 199
KW L3 426 L2025 258 343 2.4
Ti02 .70 077 050 072 0.62 . 074  0.54
Ml 0.06 0,06 <0.01  0.04 006  0.04 0,05
P205 0.15  0.16 043 0.09 0,07  0.10 0,08
.o 406 453 3.5 250 312 304 A:
TOTAL 99.99 .100.01 100,01 100 100 99.99 100
o2 070 t.01  0.24 046 0.89 T 0,58  1.85
S \ 0.04  0.05  0.02 0,04
Rb _ B0 118 U 70 93 72
s [0 7214 13l 0 M3 309
Y Y’ 26 7 2 B2 15
wro 47 149 1S3 189 160 180 181
o 10 12 13 1 E..v' 8 3
Ba . T 2040 1752 170.0
Th ' 85 60 68 59
Hf - €0 34 33 34
s S 0.5 09 L2 1.2
Ta ' 0.8 0.8 0.8 0.9
N % 102 67 9 75 B4 59
Cr B! 295 185 165 143 153 143
5c 25 2 -8 19
v 156 183 2 1% 15 183 w7

Table 4-1, Chemical analyses of slates from the Dome Mine.

Samples vere collected on two cross-sections (10000 and 12500 suites),

Distance indicateﬁiﬁaaple location with respect to the contact vith the
carbonate rock, thus with the Quartz-fuchsite vein. Ratios in column 4

correspond to inter-element ratios typical of Archean slates

(Tayler and McLennam, 1935).
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&
4.2.3. Alteration

;

Slate samples collécted in proximity to the contact

with the carbonate rocks show QEpletions in K20, Rb, Ba and
Cs, as well as in CO, and CaO (Table 4-1). Na,0 is the only
constltuent which seems to be enriphed in one instance
(Table 4-1, sample #12532). This alteration will be

discussed in moré detail in section 4i4. (Pattern of

alteration).

4.3. CARBONATE RoCRS » ‘
2.3.1. Mineraloav and texture

‘The mineralogy -of the carboﬁate rocks is dominated
by carbonates, quartz, chlorite _and chromian—mu;covitg,
commonly referred to as‘ﬁuchsite;-Accessory minerals are
pyrite, rutile, and :arely .éhalcopyrite and melonite
(NiTez)s XRD—-analyses of whole rqék powder show that the
céfbonaﬁes are Vmagnesite .and féffoan dolomite. Chlorite
microprobe anal}sis indicates tHat it is the clirochlore
' sﬁeqies (Fryer et al..,- léijy.No' inclusions of gold were
' pbserved in pyrites from .thg wall :oc&.guring microscopic
and SEM analyses. Fuchsite crosscuts the other phases, and
repléces the éarbqnates;

The garbonate. rogks are coarse—graineq and massivé

to schistose. Textures reSembling flow top breccia can be

observed locally (Fig. 5-1), and carbonatized rocks on the

>
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sur face, south of the Dome Mine, show polyhedral jointling.
The carbonate rocks are intensely veined. Veinlets are
usually small;.their width and their length are in the
millimeter and. centimegpr range, respgctively. Quartz- and

™

carbonates compose the veln material

The spatial distribution o minerals and textures

in the carbonaﬁé rocks ~can be 1illustrated by a drift,
crosscutting the QFV on the iZth level (Figs. 4-2 and 4-3).
Close*Lfo the QFJ, ‘tﬁe cafbonate rocks are composed of
carbonates, quartz, and éhlo%ite.. Pyrite and?'fuchsite are
secondary minerals. This rock typeb corresponds tqathe
"Cérbrbck" in. the .mine terminology. Melonite 1is only
presént ip the immeQiaEe vicinity of the QFV, In contrast,
the carbonate rpck” on both sides of the p;rphyry lens

w

becomes fuchsite- and pyrite-richer, as the contact Between

the two rock types is approached. This fuchsite-rich

carbonate rock 1is referred fo as "Highly Altered” rock in

. B "‘-y’
the mine legend.

A plan%r pehetrative fabric‘is'bdcasionaily bresent__

in the carbonate rock. It 1s]qummonly more intensely

developed around the QFV.'The penetrative fabric is spéfse

to_qalmost absent around the porphyry lens, whefe the

carbonate rock is rather fragmental in nature. Its texture

progresses from massive
[~

porphyry ‘lens, aé&?*a conco itant decrease 1in size of the

£, the cajﬁi:?te rock also
. : ﬂ’)

fragments. Quartz wveini

PR

to highly'fragmentéd towards the -
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Flgure 4-2, Pattern of wall rock alteration and
distribution of textures and mineralogy in the =zone of
carbonate rocks and altered porphyries. Part I. éi:\

See ftext for discussion. Crosscutting drift on the 12
level (see £ig+- 5-1 for location). Except for sample
12537, the three first digits of the sample number have
been omitted. For instance, 02 should be>read 12502, 15
corresponds to 12515, etc. ' .
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Figure 4-3. Pattern of wall rock alteration and
distribution of textures and mineralogy in- the zone of
carbonate rocks and altered porphyries. Part II.

See text for discussion. Crosscutting drift on the 12
level (see £ig. 5-1 for location). Except for sample
12537,the three first digits of the sample number have
been omitted. For instance, 06 should be read 12506, 23
corresponds to 12523, etc, _ . X

A: CaQ/hl ratlu around 1 typical of komatiites (Nesbltt
et al. 578)

B: “i/Zr range of ratios {(between 110 and 160) typical of
komatiites (see table 4-3).

C: T1/Y range of ratlios (between 180 and 280) typical of
komatiites (see table 4-3).

Gold contents have been averaged at each sample location
from muck sample analyses provided by the.Dome Mine.

W
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becomes more lmportant in the neighbdrhood of the'porphyry,
accqmpany}ng rthe trend of increasing fuchsite and pyrite
abundances, and LntS%sity of fragmentation: This‘fextural
and mineralogical' zonation of the carbonate_rocﬁ in the
vicinity of porphyry lenses can be observed on several
levels (12th, 13th, and - 17th levels). Rogers (personal
communiéation, 1984) mentioned ' that . a =zonation ofteh
observed in the 'Dome Mine 1is a porphyry-lens enveloped
successively by "Highly Altered® rock and "Cafbrock". The
ffégmental nature of theiéarbonate rock around the pqrphyry
" lens can be int;rpreféd either _as - a tectonic or fauht
bré;cia, as advocated by HcAulq#iDlSS3), or as a result of
hyéraulic fracturing during hydrothermal‘ activity. The
combination of muscovite and pyrite alteration, fracturing
~of the ﬁall rock and development of intenﬁe quartz veining
close to the porphyry lens is éimilar 'to alteration
patterns observed around porphyry copper deposits (Beane
and Titley, lifl). Thﬁs, the fragmental nature of the
carbonate rock in the fp;oximity of-'ﬁorphyry " lenses can
probabiy be attributéd-in part to hydrothermal_fracturing;‘-
Howevgr, it cannot be ruled out that‘the‘ brecciated-nature
1s of tectonic origin, -since faults énd‘shears are often
rApresent at contacts between porphyries and their carbonéte
ﬁbstirocks. hlternativély, such aeformation %1§ht have ﬁeen

super imposed - on fracfures forméd during hydrothermal

activity. The presence of Qgﬁerolithic bréccias anhd intense
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fracturing has been noted around other porphyries in the
Timmins area, in association with sericite and pyrite
alteration (Mason and Melnik, 1986a,b; Brisbin gﬁd Mason,e
1987; Mason and Brisbhin, 1987).

Variations in both mineralogical and texture
zonations exist. Fuchsite development can be important in
the vicinity of the QFV, especially at upper stoping levels
of the QFV. However, fuchsite zonation around the QFV is
not consistently associated with high ore -grades 1in the
vein. The planaf'penetratiﬁe fabric is sometimes completély
absent near the QFV.I For instance, ‘undgformed and wéll

preserved flow top breccias can be found in the immediate

proximity of the vein (Fig. 5-1).

-

- 4.3.2. Origin of the carbonate rocks

The original character of the carbonate rocks may

be deduced from remnant primary- textures, and from

€ . - 7
. dlagnostic chemical features. Fryer et al. (1979)

claséified the carbonate rocks as‘komatiites on the basis
éf Ti/2r ratios, Mg, Cr, and Ni abundancgs. Roberts and
Readiné (1981)%ﬂ;;%gested a komatiitic protolith as well,
using the cation plot .developed by Jensen (1976) aﬁd REE -
pattern. | ‘

ﬁ Th%?present stgfy substantiates these conclusions.

Chemical analyses of the carbonate rocks recalculated to

100% on a volatile~-free basis are similar to those of
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komatilites from Munro {Ontario), Dundonald-Clergue
(ahtario) and Lamofte (Québec) Townships, and to komatiites
located south of the Dome Mine (Table 4-2). Bl,05, Fe,0,
Mg0, T10,, MnO, Ni, Cr, Sc, V, and some of the REE (Sm, ¥Yb,
Lu) are present in comparable abundances in both komatiites
and‘cérbonate‘rocks. High HgO content of carbdnate rocks,
and presence of flow top breccias and polyhedral jointing
are compatible with Arndt'’s aﬁd Nisbet's (1982) definition
of. a komatiite. Ratios of Ti0; to Al,045 are, within théﬁ
| range of komatiitES (Table 4~35.

The Ir content of the carbonate.rocks, ranging from .
1?é3 to ;.Gs_pﬁb {on a volatile-free basis), isrsimilar to
‘that of ultramafic rocks which range between 1 and 10 pib?
(Crodket{ 1961). These abundances are comparable to those
'of komatiités from Western Australia, Munro Township and
“ Alexo,(Ontario)‘ (Table 4-4). The Ir‘content of 4.69 ppb in ~
sampie #12530 is however slightly anomalous with respect to
Ir concentrations in komatiifes. The anomaly présented'by
this particular sample will be addressed after alteration
of the komatiites has been discussed. )

Carbonatized rocks, sampled near Qhe "South
Greenstone”, have relakivély lower MgoO, Cr and Ni'
. concentrations, apnd higher A1203, TiO,. and.REE abundances
than samples taken further away from the "South Greenstone"
(Table 4-5, figs. 4-3 and 4-4). This is characteristic of a

komatiitlic sequence, ‘in  which rocks of ultramafic

N
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composition grade into rocks of mafic composition (Maldrett
and Smith, 1980). This, type of progression in the Dome Mine
wég noted previously by Roberts and Reading (1981). Sample
#8506 (Table '4-5), which shows a mafic composition, lies
close to the nbrthern contact between the slaﬁes'and the
carbonate rocks (Fig. 5-3 and 5-7). This suggests that the
ultrémafic portion of thé carbonate rocks gradually pinches.

out towards shallower depth.

4.3.3. Alteration

" Beswick (f9825 recently reviewed the literature on
alteration of _ komatiites. Various methods ' have been
suggested to identify and evaluate . alteration in.
metavolcanic rocks.

A dommon practice is to grade samples with respect,
to the degree of alteration for a given rock suite. This is
based on chodéing éampleg which show the'best preservation -
of primary ;minerangx and textures as ‘least altered"
-sémples (e.g., Sun ahd Nesbitt, 1978)._Their chémistry is
then compared with "more altered" samples. Any attempt ko
designate a particular sample from the zone of carSOnate
rock in the QFV setting as "least" altered is doomed to
failure. The -volatile content of the carbonate rocks
(combined Hy0 and CO,) is around 25% (Table . 4-2). This
level of volgtilegléogether witﬁ the presence of.magnesite;

corresponds to the most altered rocks which can be found in
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ROCK TYPES AND LOCATION Ti/lr Tiny irlY TifSc  1Ir/Sc AL203/Ti02 Ca0/A1203 ] Ref.
Host rock of the QFY :
.Carbonate rock. .
Mean ‘ 53 | 145 3.2 93 1.2 18.3 2.1 |
sh It] 44 0.8 6 0.4 3.7 1.6
n 16 i { 19 15 k1| |
Range | 25-83 75-205 1.9-4.3 45-67 0.7-2.3 10.3-20.2 0.6~9.1
Konatiites, south of . :
the Dome Mine : 8015 146 260 {.8 69 0.5 13.6 1.6 |
807 180 132 1.2 69 0.4 13.8 1.1
Komatiites, C 105 140 L7 X 0.5 26.0 1.0 2
Munro Township.
Komatiites, " 110-160  214-230 98-105 0.7-0.9 i6-19  90.8-1.3 | 3
Lanotte Township. ' - '
Flov top breccia. T TR Bl 05 20.1 0.7 |4
Random and spinifex- .133 . 2.0 a3 0.6 19,5 0.9 3
textured komatiites, ‘ ' ) ‘
Plate spinifex- 126 © 253 2.0 84 0.7 19.2 1,2 b
textured komatiites. ; - ) B -
Cumulate zone in 130 300 2.3 89 0.7 6.8 0.3 19
komatiites, : : -
-Alexo (Dundonald- . .
Clergue Township), _ -
- Y
Spiwifex-textured ‘ 11~ 265 2.4 20,7 1.0 8
komatiites, . '
- Yilgarn bloc, ' Co a .
Western Australia. _ ) (,’~\

N
Table 4-3. Element ratios of carbonate rocks (Mgl ) IEI volatlle -fres basis) compared to prxnary
elenent ratios in komatiites. .
OFV: Quartz-Fuchsite vein, SD: one standard deviation. n: nusher of samples,
Relerences :
I - Present study.(y
2 - Peridotitic komatiite. Sample 31 (422/93) from Nesh:tt et al. (1979, table I)
3 - Xowstiite: range of ratios from Lamette I (K} and Lamotte II (K) fron Ludden and
Gelinas (1982, table 21.3).
4 - Sample WG67 from Arndt (1986, table 2, -
3 - Average of samples M6S!, MGS4, M863, and MEB4 from Arndt (1085 table 20,
" 6 - Average of samples NESE, MAS7, and N663 from Arndt (1388, table 2).
7 - Sample MG6! from Arndt (1986, table 2).
S - Average of sanples lto7 fron Neshitt and Sun (1976, table t.
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 SANPLE PROVENANCE, Ir ABUNDANCES | REFERENCE
TYPE AND NUMBER Y b

DokfixNine, Tiawins: . 1
807 (Komatiite) )
12504 {(Carbrock) : 1.97
12325 (Carbrock) R W ]
12526 (Carbrock) - " .57
12527 {Carbrock) 1.6
12530 (Carbrock) 4.59

Mt Clifford : _ ' ¢
(Western Australia): ' 2
Spinifex-textured . 2,99 .22
Cumulate-textured 210 2.37

Pyke Hill - _ .
(Munro Township): - : 3
Spini fex-textured 0.9 0.77
- Cumu]ata-textured 0.97 2,04

Alexe (Dundomald- :
Clergue Townships): 4
Plate spinifex 2.08
Random spinifex L 2.6

Table 4-4, Comparison of Ir abundances between carbonate rocks (carbrock),

a komatiite from the Dome Mine (Tilnihsl, and komatiites from
Western Australia and Ontario (Pyke Hill and Alexo).

- Data is presented on a volatile-free basis. ‘
The data for Mt Clifford and Pyke Hill represent the analyses
of tvo different flows in each ldcality.

Referencess 1 - this study; 2 - Keays (1982); 3 - Crocket and
MacRae (1986); 4 - Bruegman et al. (1987), (sample locations
from Arndt (1986)),

o
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CARBONATE ROCK 34DMATIITES SOUTH |  CARBONATE ROCKS WITH A, TREND
OF THE DONE NINE - TOWARDS MAFIC CONPOSITION

CMean 5D o} 801 BO7 ] 8S06 12525 171034 17536
5102 4101 5.69 31 | 45,63 46.41 |47.53 3578 49.85 50,88
A1203 .74 220 3| SE 476 | 692 1137 10.66 10,00
Fe203 | 12,45 1,98 31 ] 12.11 10,64 110.87. 18.54 | 13.29 16.99
Mg0 26,31 3.86 31 | 26.82 326 Y1774 1529  13.% Yg.00
Cal 1229 535 31| 8.9  5.08 |159 1580 10.87  10.40
Na20 0,55 0.16 S5{¢0.20 <0,20 }¢0.20  0.93 <0.20 0.3t
K20 0.28 0.26 24 | €0,05 <0.05 |[<0.05 0,88  0.21 1,34
Ti02 0.37 0.1 3t} 0.4 03¢ | 041 0,74  0.63  0.64
M0 0.24\56942;\\21 0.15  0.16 | 0,30 ° 0.57  0.28  0.42
P205 0,05 0.05~30] 0.03° 0.08 | 0.02 0.0 0.02 0,02
H20 207 1.3 3. 4.9 693 | 0.00 094 2.9  10.94
€02 2326 424 3] 091 022 [19.48 1961 10,52 7.6

. - N \
Rb 7T 63 <5 (s {5 15 3 28
Sr 423 . 159 3l 2 14 |- 468 241 68 98
Y - 16 13 10 S T 16 17 i7
Ir 45 8 16 17 13 48 44 51 “57
Nb 7 4 2% 27 4 3 "3 1 2
Ba 5 271 15 30 1 g 3. 40 51
Ni 1308 343 31| 1409 1645 717 503 N5 i34
Cr 3355 767 3| 2512 2646 ) 1927 . (810 2592 1880
§¢ L U B I+ 30 3| 50 50 50
v 67 46 31 3 144 130 290 211 20
La 0.98 0.48 8 .80 2.0, 0,34 130
Ce 3.89 2.06 11 1.72 3.4 2,63 428
Nd S 316 2,10 2 3.72
Sa 0.73. 0.40 1l 0.70 LIS L3 1.2
£u 0.65 0.85. !l 0.26 0.5 051  0.45
T 0,26 0.19 9 . 0.47
Yb 0,84 0,20 1! 0.77 - . 0.87 130 100
Lu 0.16  0.05 11 0.11 0.15  0.23  0.14
Tahle 4-3, Hafic konatiites in the zome of carbonate rocks.

The lucatlon of sample 12525°is given in figure 4-2, and of sample
8506 in figure 5-3. Carbonate rocks of ultramafic conp051t10n, and -
* kopatiites from the Timsins area (south of the Jome Hkne) are g:ven
for comparison purpose.

Major elements in weight percent. Trace elements in ppa. The data has

heen recalculated to 100 per cent on a velatile-free basis.
S0 = one standard deviation. n = number of samples,

e
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the Timmins area (Fyon and Crocket, 1981; Fyon et al.,
v ~
1983b). The carbonate rocks have most certainly been

thoroughly recrystallized, concomltant with important

chemical changes. These rocks are~probab1f thé result of

' carbonatization’ of komatiites.. In the course of such

-

metasomatism, large amounts of”C?a are‘aéntroduced into the

v . " . * . :
.origiha1<?ilicate rock, and tramsform it 1nto;§,rock}lhose

mineralogy is. dominated by carbonates (Johannes, 1969;

Harte andﬁgiaﬂam,.1975;Fyon et al., 1983). "Least altered"

komatiites  from other localities have to be selected for
comparison purposes'.(e.g., Alexo area, Munro and Lamotte

Townships). _ ) - ”“\\

. Gresens (1967) (see also Babcock, 1973; Gfant,

¢ w

1986) - suggested that volume changes during metasomatic

- processes must be considered to adequately quantify element

enrichment or depletion. However, this method ﬁay 1éad to
erronecus results, if the rocks being compared were not
identical 1in chemical composition before metasomatism.
Detaiieq chemical studies by Beswick (1983), Arndt (1986) .

(see also table‘q—z), Crocket and_HaéRae {1986), and Blals

et al. (1987) attest that element abundances can be fairly.

variable betw 3 différent zones of a komatiitic flow.

Greseﬁs' methol, cannot be used for the carbonate rocks of

the Dome Mine, since no textural or chémical criteria allow

them to be related to a particular zone of a komatiitic

» @
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.£low; and, as mentioned above, no unaltered counterparts
afe pfesent.
Beswick and Soucie (1978) and Beswick (1982)° argue
. for an analysis of the degree of alteration through
* molecular pfopoftiqh ratio (MPR) ﬁiagrams. However, great
caution must ‘be taken in the use of MPR diagrams, because
of possible introduction of spuribus - and  enhanced
c;rrelations (Butler, 1986;.Rollinson and‘Roberts, 1986);
moreover accofding tb'Pearce (19875, the extent of element
mobility cannot be deduced from such diagrams. |
| Thus, it seems that only'a~quélitative assessement
of element mobllity in the carbonate rocﬁé‘gan be made by a
broad comparison on a Golatile;free basis with equivalent
rocks from.other localities, as illustrated for instance in
Fable 4-2, ‘ i

On the one .hand, it is generally accepted that

elements such as Na, K, Rb, Sr, and Ba are very mobile

v

during alteration and metamorphism of metavolcanic rocks .

(e.g., Nesbitt and Sun, 1976; Sun and” Nesbitt, 1978:
Nesbitt et al., 1979;_ya1drett‘;;d Smith, 1980; Beswick

1982; Arndt, 11986; Canil, 1987). On the other ‘hand,
‘however, disagreement prevails as to the mobility- cf many

other elements.

If a komatiitic'protolith is a correct choice for
the carbaonate rocks, then the compafative approach can be

used to determingtshggﬁive element énr&chment or depletion.

-

VAR
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in the carbonate rock zone. It is assumed that the *
carbonate rocks and the comparative komatiite sultes
underwent fairly sim;lar seawater .alteration and burial
metamorphism.jThe diffgrgnce' in chemicél composition is
then attributed ;ma;ﬁly to interaction with hydrothermal
£fluids. Sinqe carbonatfzaiion of *the komatiitas proggb}y
.predated 9r was coeval with. regional deformatlion and
greenschist metamorphisﬁ {(Fyon, 19865, it. is furﬁher
assumed that metamorphiém' did not severely alter element
distribution patterns after hydrothrmal alterafion. The
following conclusions can be réadhed from table 4—2=§ ‘

1) Substantial amounts’ of CaO, K,0, CO,, Sr, Zr, Nb, and Ba
?ave been "added to the carbonate rocks." | -~ '
~ 2) Najy0, MnoO, Rb, and ¥ af; increaéediiin the carbonate
’rECRS'ﬁith ‘respect to '"fresher"_komatiites;'however{ this
increase is dess pronounced for these elements‘xhan for the
elements from the first group (Ca0 to Ba, point 1). | |
3) Sibz égd Hzoﬂ are the only constituents signiflcantly
depleted in the zoﬁF‘of carbonate focks. The guestion can
be raised whether silica~-depletion 1is real or not. Large
'quarti veins, which are not abundant,” were avoidéd during
sampliﬁ; of the wall rocks. small quartz veins could not be
'”avoideda durihg sampling. These are 'most 'certalnly an
integral part iéf fhe carbonatization. process pf. the

komatiites. Breakdown of Ca, Mg, and Fe “silicates and

introduction of COZ results in the formation of Ca,g Mg, and

~. S N
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Fe carbonates and .an excess of silica (Johannes, 1369:
Harte and Graham; 1975). Excess silicé was thus available
for formation of quartz veins, or might have been removed
from the carbonate rock enviroﬁment. It is believed that
the lower silica conteﬁt of the carbonate rocks relative to
komatiites is real and not an artéféct due to sampling
procedures, i;e.;some silica was certainly removed from the
komatiites during the cérbonatizationfprocess.
4) La, Ce, Nd& and Eu are present in higher abﬁndances in
the carbonatelrbcks than in the komatiites while Sm, Yb,
And Lu are fpresent in similar abundances. Chondrite-
_normalized'REEldiagrams of‘the qarboﬁate rocks are sh;wn in.
figures 4—4”' and 475; . The LREE display the léfggst
variations between samples, Mﬁst of the saqéles show
positive Eu ‘anomalies. éarbonate rocks and komatiites
X aisplay similar trends for HREE, whereas LREE are enr%@hed
in fhe carbonate rocks with respect to komatiites'(Fig. 4-
6). The Eu anbmaly is only present in the carbpngzézgocﬁ;.
REE patterns obtainedjin the presant study are cdébarable
to'those of Roberts and Reading (1981). They differ however
~from those obtaineéf;by Kerrich and Fry@r (1979) for the
same rock types from the Dome ‘Mine. The iatter\show

patterns strongly .depleted “iny HREE. This discrepancy is

‘ ;o .
“Ettriagted to different analytical. methods ¢i.e. NAA in the

i

»

~ present study and XRF b Kerrich and Fryer ¢1979)). Since

NAA is—'thought to be a more reliable technique for

ir.:‘ - LL

. j L] R ' .
-~ - _. . d
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+«.” Figure 4-4.

wall rocks

For sample
see figure

e

REE chondrite normalized patterns of carbonate
from the crosscutting drift on™the 12 level.

location see figure 4-2, and for drift location
5-1. .

»
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Figure 4-5. REE-chondrite normalized patterns of

carbonate wall rock samples
the crosscutting drift on th
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Figure 4-6. REE-chondrite normalized patterns of carbonate
rocks from the Dome Mine compared to patterns of
komatiites from the Abitib} Greenstone belt. -

a: Envelop for carbonate rock samples from the Dome Mline
depicted in figure 4-2. : . g
b: Envelop for carbonate rock samples £from the - Dome Min

. depicted in figure 4-3,

c: Sample 807. Spinifex~textured komatiite from area souf?
of the Dome Mine.

d: Envelop for {Upper komatiites from Munro Townshipw?
(Naldrett and Smith, 1980). {

e: Envelop for .lower peridotitic komatiites from Munro-
Township_ (Naldrett and Smith, 1980)

1: Plate-spinifex textured komatiitég from the ‘Alexo area
(Arndt, 1986), column #8 in table 4-2.

2: Random and chevron spinifex textured komatiite from the
Alexo area (Arndt, 1986), column #7 in table 4-2.

3: Flow top breccia from the Alexo area (Aandt 1986,
‘Column #6 in table 4-2,

4: Splnlfex ~textured komatiite from Munro Township (Sun
and Nesbitt, 1978), column #2 in table 4-2. _
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- _ )
analyzing REE, . especially at low abundanoe levels
(Henderson and ﬁankhurst, 13984), more confidence' is placed
’xin the patterns ~obtained in the. present worg; and these
will be used subsequently.

. 7From thie- combarative - study ;itl appears that'on
average Al,04, Fe2b3, Mgo, Tig,, Ni. Cr,‘Sq.‘V Sm, Y¥b, ;;a
Lu are substantially the same in the carbonate‘.rocks and a
komatiitic protolith. However, these elements may have. been
mobile within the carbonate rock =zone. Nesblitt et al.,
(1979) suggested that consistent inter—element ratios may
be diagnostic of a. primary magmatic character as they
canﬂ%i be duplicated by metasomatic pfocesses Nesbitt and
Sun (1976) noted that Ti/2r, Ti/Y ar/¥, TiOZ/P205 andq
Zr/Nb‘.ratios were relatively constant in komatiites Erom.

E Western Australia, Canada, and South Africa Consistency of
these ratios and simiiarity to chondrite values 1ead to the ™
éﬁgumption tha they represent primary petrogenetic
characteristlce. Remobitization. durin§ metamorphism was
implied to be insignificant. Using this ,approacn, Ludde
and Geiinas ,f1982) concluded that Ti, Y, Sc anddHREE vere
essentially imnobiie in komatittes from Lamotte and Destor .
Townehtps (Québec), and that variations in their ratios .

<

could be attributed to héterogenedus magma source reng S.
S

In contrast, mobility of Zr%?Y HE wag %uggested by Beswick

(1982 1983)_in a study (0of an altered komatiite #low in Val

d'or (Québec); Inter-element r;tfbeggetween Ti, 2r, Y, Sc,
- ’ . ' {3 ) .

oo ‘ ¥ .



Zr and Y are mqbiie in the carbonate rock environment, The

mobile to varying degrees.

®
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and A1203 are presenteq in table 4—3.for he- carbonate

"rocks from the Dome Mine, and are compared to those from

komatiites from .the Abitibi belt and from Western,

Australia. It can be noted that : -

s

1) The spread in ratios is greater for the carbonate rocks .

&
than for the komatiites.¥®

“

2) Excldding A1203/T102,' ratios of the carbonate rocks

usually do_nof borreépond'to values'typidal of kom@tiites.
4 o |

3)'Difference§ in ratiqs exist between ,varidus localities

and wié?in a single flow -{(e.g. Alexo area); however °

différénces are greater:‘bétween“ the carbonate rocks and
komatijites from Timmins, than they are between the Timmins
komatiites and: komatiites- from . more: or. ‘less remoté
localities in the Abitibi belt. | “

These obqervations'éubstantiate the conclusion tﬁét

difference of the Ti/Sc ratio with respect to komatiitic

values, and the large spread of the Al,03/Ti0, ratio also

lead to the assumptiqn-that Ti,lSc, and Al might have been,

-
N

These considerations indicate that the hydrbthé:mai
alteratiod‘resppnsible for the development .of the‘cérbohéte
roc%i 1nvolvea the :embbilization of mahy,y if notiéil,
eiements within the carbonate rock unit and. withih

r

Burrounding rock seduenqgs. Even elements such as Zr, ¥

Ti, and Al commonly regarded as immobile have ' been-
~ ‘ . - ' ) .

\ . s 4 |

. - - ’ . . v to. '
3 ; \ . o / - ‘ . . . /
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redistributed: to some extent. Other examples are.known
where carbonatization has redistributed :so called'immoblle
eiemenhs : Hynes (1980), Ludden &t - al. (1984) and Murphy
and Hynes (1986) have described mobility of Ti, ¥, Z2r, Ah.

Hf, Sc, P, and Nb in hetabasalts and felsic rocks affected
\\by carbonatizatfon. . N ) g -

- »
-

A general consensus-‘seems to exist aboot{v;he
behaoiof' of. REE dﬁrlng alteration' add hetamorphism of
}omatiites. LREE and Eu are thought to be_ more_euscepfible
to " redistribution than HREE (Sun’ and-'Nesbitt 1978;
Beswick, 1982, 1983). However, - Whitford and Arndt (1978).-

) Arndt (19%6/\End Blais et al (1937}ribate that differeﬁ&es
.in REE abundances and minor va/ﬁations in LREE patterns. are
consistent with primary chemical characteristics. ‘

The noo:zarbonatized komatiite sample ffom the
Timmins area (Fig. 4-6’ ~sample #807) has an REE ‘pattern

L which is- comparable to Kbmatiitee £rom the- Upper Cycle in-o
Munrao Townshlp, and g}rikingly similar to' the random and
chevron spinifex—textured zone of ;the Pleio'komahiite, ih
can be assumed that the. carbonatized komatiites (carbonate
rocks) “from the Dome myine had-comparable LREEldepleted
pattefn before thefalterationb event.;Thus,-carbonatization_
resulted in introduction of 'LREE and ‘Eu.  The overall
variatlon in abso}ute REE abundancesa(spread in-chondrite

" normalized patte;ﬂs) " of the carbonate‘ rocks ‘can‘ be

attrlbuted to pﬂdmary covarlance oE REE abundances with HgO
v, Q ,_ff ? ' . .

—
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content (e.g. Whitford and Arndt, 1978; Afndt, 1986; Blais
‘et al., 1987), or t& erratic redistribution of REE. This
later point is-suggested by the lack qf correlation between
REE and Mg0 concentrations ‘(Figs. 4-4 and " 4-5)., The
wvertical spread is probably a result of both :primary and
secondary processes.

It hés been experimentallyl demonstrated that REE"
can be extremely mobile iggfoz-rich fluids under crustal
conditions (Wendlandt and Harrison, - 1379). Empirical
observatio;s ;how " that HREE form strongér; carbonate
complexes .than LREE (Kosterin, 1959; Téylor‘ and ?ryer,
1982) - Thus, the LREE enrichment in the carbonate rocks can
be explained by preferential breakdown of the weaker LREE-
carbonate‘cbmplexeé from a COp-rich fluid; whether or nét
enriched in LREE. | |
N The Eu anomalies could be attributed to.either low
oxygen-fugacifies af the hYdrothermal fluid or 1nterécti§p

‘with a solutidn enriched in Eu. Fryer et al. (1979i found}a
Jhigh ferrous to ferric iron ratio for the éarbonate rocks
'EFe2+/Fe3F = 0.85 - 0.87), which they regarded as evidence
for the reduc1ng nature of the hydrothermal fluid. However,
a high Fe?*/Fe3t ratio need not  indicate a. reduced
-hydrothermal flgid;—‘For ;inétance, Eckstrand (197%) has
shown that carbonatization indicates oxidi?ﬁng conditions
rather than a reduc1ng environment. Thus,rthg Eu’ anomaly is
not necessarily dune to a reducing fluid"altering the

R

A



4.2, PATTERN OF ALTERATION

-&'9‘
komatiiteé which host the QFV. Another alternative is that
the fluld which carbonatized the komatiites was enriched in
Eu relative to the other REE. This couid be ﬁhe case if the-
hydrothermal fluid was derived from decomposition of a rock
containing feldspa:s. McAuley (1983) Qescribes the presence‘
of remnant prima;y feidspars grains—in the porphyries of
the Dome~ Mine environment. Thus, at least some of the Eu
might be deriveé from the 1local pdrpﬁyrfes, and -its
subsequéﬁt Hdeposifioh in the carbonate rocks might have
coniiibuted to the Eu.an;ﬁgiy. H;rédver, iCa was introduced
in* the komatiites as they were carbbnatized.'Ca—bearing
carbonates would be 1likely hosts for any " bivalent Eu

present in solution. —

F

_The cross-cutting drift on the 12th level through
the QFV and adjacent 1ithologies permits aﬁ'examinatidn of
the'pattern 6f elemqnt<distribution in fhe alteration zone.
The komatiltes and fﬁe porphyries (McAuley, 1983) have been

fmé?émaffecféd by the carbonate 'alteration than the slates.

':’This is a common‘ observation -in alteration halos around

gold-bearing quértz veins, where slates usually remain
largely unaffected by the hydrothérmai ore-bearing fluid
(Boyle, 1979).

L

Most of the elements show no  particular

'distrlbution trend in any of the rock tybes. Nevertheless,
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COp. and LOI are higher in the carbonate rocks in the
vicinity of the porphyry lens (Fig. 4-2), as are~sz, Rb,
Ca0 and Sr (Fig. 4-2). These patterns correspond to thé

mineralogical and textural zonation » observed 1in the

carbonate rocks around the porphyries (Fig. 4-2). It

‘appears -that the alteration pattern is centered around the

porphyry 1lens, rather that around the QFV. TFuchsite
development is a direct result of the higher K,0 abundances

around the porp@xgxm lens. Sb and As, which are commonly

good geTd indicators (Boyle, 1981; Fyon and Crocket, 1982)
are, together with gold, the only elements whiCh‘show.a
slgnificant enrichment around the QFV. Au, As, and Sb are

also enriched in ‘the neighborhood of the porphyry lens

. (Fig. 4-3). Tﬁe gold concentration in the carbonate‘rocks

is far highef-fhan in unaltered komatiites, which usually
contain around 2 ppb gold, suggesting that gold must have
been added to _the komatiiteé"ﬁﬂging the hydrothermal
alfefagion. Thus,l it appe;;s very unlikely tPat the
carboggtized ‘komatiiteé were the gold~56urce of the

-5

minéralization present in the QFV.

The por;hyries in the zone of altered rocks have
been ;xtenéively sericitized (McAuley, 1983). The carbonate -
rocks are commonly rich in fuchsite*ln the wvicinity of the
;;rphyries. It is inferred from this‘observatigp that ;he
fig}d which sericitized the porphyries ‘is cegtainly also

responsible for the develcpmént. of fuchsite in the

~
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immediate host rock. This implies that some kind of f£luid
circulation was active from the porphyry lens towards the
komatliitic host rock.

In contrast, depletion of_KZO, Rb, Cs and Ba can be

recognized in the slates immediately aagecent to the-

carbonate rocks (Fig. 4-2, and Table 4-i). The K/Rb ratio

of the slates increases sharply towards thes slate-

'u.

'carbonate rock contact (Fig. 4- 3). This trend is a typical

result of rock-hydrothermal fluid interaction durlng which

\

Rb 1s preferentially, removeé\kgelative to K, leaving an

altered rock with a higher K/Rb ratic and a2 fluid enriched.

in Rb (Armbrust and Ganicott; 1980) Due to very 1ow K-

-

and/or Rb—concentrations in most of the carbonate rocks, 1t'

was not possible to profile the dlstribution of K/Rb ratios.

along the complete cross—section depicted in figure 4-3,

The formation of fuchsite, i.e. introductlon of K

and Rb in the carbonate rocks,in proximity to the porphyry

lens, and the removal "of K and Rb in the slates at-the

contact - with the cerbonate.‘ Xrocks-- suggests two
interpretations : s

1) Two independent hydrothermal fluids might oe‘;esnonsible
for this alteration pattern. One f£luid Sericinizec the
porp ry lens and dep051ted fuch51te in the'carbonate
rocks, and then a second fluid migrated along the‘QFV, and

removed both K and Rb from the slatesT and the carbonate

rocks in the vicinity of the gold—bearlng vein.
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2) Alternatively, a single fluid .may account for this
alteration(;;ttern as follows : the f£luid which sericitized =
the porphyry lens migrated into the carbonate host rock.

- Since it was oversaturated in K (and Rb), it formed the Cr-
muscovite in the country rock At a certain distance from

’ the porphyry iens, the hydrothermal fluid became too
depleted in K—content to stabilize fuchsite When it

reached the slates, it started to leach such elements as K,

Rb, Cs, and Ba. : .
The second scenario seems to be more iikely "in~the

view of the distribution of Ti/Zr, Ti/¥, and CaO/Al,0s
ratios‘in the alteration zone (Fig. 4-3). Since komatiites
are the originai protolith of the'carbonate rocks, the
':Ti/Zr and Ti/Y ratios lwould be expected to range between
116 and 160, and between_iBQ and 280,‘respective1y (Table
4f35. The carbonate‘rocks,'.however,‘ ;how Ti/2r and Ti/¥
ratios which are lower than komatiitic values. It was

7

argued that this resulted from 'introduction of 2r and Y;
into \the komatiites during carbonatization Figure 4 -3
‘dlsplays a trend of increasing Ti/Zr ratio in the carbonate
rocks towards %values characteristic of komatiites, with
gincreasing sample distance from the porphyry lens. Thls'nay'
indicate that the source of Zr wasNEhe porphyry iens..znd:
~gpntent af the h&drothermal fluid(lwas higher near the
sporphyry 1ens, * thus resulting in lowerl Ti/2r ratios near

it. The more remote carbonate rocks near the slates were
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brogressively less enriched in 2r. An analogous_observation

is that of Ludden et al. (1984) who ‘noted .that Zr was

- leached from felsic rock during carbonatization. Thus, it

seems plausible in the _present case _tha}_the-hydrothermal

fluld which carbonatized the porphyry lens removed some er

and deposited if in the adjacent‘komatiifes. It is believed

that the slates did not contribute T1 or Zr to the
carbonate rocks. There is no noticeable . depletion ofiTiOz
or 2r in the slates at the contact with the oarbonate
rocks. The Ti/Y ratio shows a - similar trend to hhe“Ti/Z:

ratio iFig. 4-3). However, the slates seem to have

contributed some Y to the carbonate rocks as well. The Ti/¥Y

ratio in the slates ihoreasé% towakds'the carbonate rocks, .

‘and this trend can be attributed” to Y- leaching. ,The-

-

-Ca0/A1203 ratio is usually close to 1 in "fresh" komatiites
i from the Abitibi belt (Nesbitt et al., 1979) In the

carbonate rocks there is a constant decrease of this ratio
from 3 to 1 as. one progresses from fé

e ‘porphyry outwards to

the QFV and the slate’ contac (Fig. .4-3). This treno

togeghier, with the cao halo around the porphyry lens (Fig.

4T2), uggests that Ca0 was eﬁoed. to the komatiites, ‘and

that 1t was brought in by a /éluid"migrating__gnh of the

porphyry lens. - / ' I | |
Thus, there was probably one single fluigd Wthh was

'responsible for the altération paLtern in the ‘zone of

' carbonatized rocks and altered porphyries. The path of

73
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fiuid “miération° wasr probably from the. porphyry lens
outwafdsginto the carboqate country rock and up to the less
Permeabie slates. The fluid did not penetraté very far into
- the slates, and left qnly a slight signature by removing ;
such elements as K50, Rb, Ba, and Cs." - ‘

It seems.highly unl ikely that two successive fluids
~ first modified ,primary.hagmatic fatios in the komat}ites,
and then altered these rocks a second time to return'these

_ ratics close to- the original magmatic ratios.

| 4.5. IRIDIUY ANOMALY

- | ‘ Aé mentioned above, one sample in the carbonate
rocké has a higher Ir“Eontent than usdal for a komatliitlc
brotolith-(Table 4-4, sample'#12530f. Cohflicting oplinions
exist about the distrithion and the conéfol of Ir in rock
forming minerals. lA positive correlation of If-abuﬂdances
with Cr or Ni conégntrations is often observed “in
ultramafic rocks. For instance, Agiorgitis and Wolf (1978)
.and Razin and Khomenko (1969) found a high correlation
between Cr ' and platinum group elgments (PGE), particularly
Ir, Os andiRu, in chromites _ﬁrém ophiolifes and Alaska-
.type complexes. :These authoré argued tﬁqt PGE substifuted
for Cr3+ in spinel. Howeverf recent .;tudies-havé described
_incl&sions, of platinum-group minérals (PGM) in chromgtes
from ophiolites (e.g.,“-Stockman and Hlava, 1984; BRAugé,

1985, 1986), leading to the inference that PGE occur in

-
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discrete sulfide or allo§ phasés, Eféther than in the
crystal structure of 'majdr‘bxides a#d silicates. Crocket
(1979) and Naldrett et al. (1979) suggested ‘that, in R
sul fur-poor rocks, olivine might constitute‘a sink fof Ig,

whereas Keays (1982) and_ Barnes (1983, in Crocket and

« -

MacRae, 1986) contend that ;hlfideéJand refractory metai
phases are the majof Ir-concéntrators ig komafiites, In é
study on the. Pyke Hill komatiite flow (Hunéo Township,
OnFario),_ Crocket and .MacRae .(1986) found no affiq&}y
. between Ir and sulfides, but accepted'fhe possibility of an
Ir-concentrator phase (i.e., a metallic alloy) mechanicélly‘
incorporated in“olivine. W -

The covariance " of Ir with respect to Cr and Ni is
shown in figure 4-7. Overall, there s -a poéitive
céfrelation between Ir, Cr, and Ni in samples from the wall
rock and from mineral separates from the banding "of the
‘QFv. The geochémistry‘ of the chlorite and fuchsite
tseparates will be addreéééd in chaptér G.JAmong the wall
rock samples, . the—éovariance seems to bg better for Ir'énd‘
Ni than for Ir and Cr (Table 4-6). Samples from the wall
rocks show a gooa ceorrelation hetween Ir and Ni (r=0.83),
but it is weaker than the correlation between Ni and MgQ
(r=0393). Moreover, the correlation between MgQ and Ir is
afso wgak (r=0:66)‘ Suggesting" that Ir was probably not
incorporated in%_the'structure of olivine " in the briginal

komatiites. The association of Ir and Ni possibly results

[t



. Flgure 4-7A. Covariance diagram for Ir and- Cr in the
carbonate wall rocks, a splnifex textured komatiite from
the Timmins area, and chlorite and fuchsite
the Quartz-Fuchsite vein.

-

13
{

{

Figure 4-7B. Covariance diagram for Ir and Ni in the
carbonate wall rocks, a spinifex textured komatiite Erom

the Timmins area, and chlorite and fuchsite separates from
the Quartz-Fuchsite vein. * ‘ '

separates from
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Cr
Ir

MgO.
.S
VCu_

Table 4-6.
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N )
Ni cr Ir Mgo - 5 o
0.74 o | | |
' 0.83 0.45
0.93 0.93 0.66 .
0.51  -0.82  -0.36  -0.71
0.42  -0.67  -0.44. -0.57 ' 0.9

Interelement cbrrelation matrix for carbonate
rocks from the Dome Mine, and a komatiite
loc;ted south of the Dome Mine.

Sample numbers: 807, 12504, 12525, 12526, 12527,
and 12530. For sample location see figure 4-2:
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from the pregsence of mineral inclusions in olivine which .

concentrate Ir. A{:Dsuggested by ‘the low corrélatioﬁ

coefficient (r=0.45) between Ir and Cr, substitution ofLIr )

for Cr-bearing minerals is not 1important. The role'oﬁ
sulfides as Ir-carriers s pfabably'”aléo minigal as no
relationship exists between Ir and S or Cu. Thus, in the
wall rocks ‘ef the dFV, Ir may have'beéq'éarriéd iﬁ a
refractory metal ‘phasg, concelivably as an inclusion /in
61101ne. As noted previously,'the wall rocks were sévefely
altéred, resulﬁing" in the mobility bf many elements from
thé protolith. Alteration might have modified tﬁe inter-
element correlations on which the present discussion is
based. Nevertheless, Crockef "and HacRae_:(19867‘reached
similar conclusions on much less élteféd komatiites from
Pyke Hill (Ontario)e | |

Due to highgr Ir content, sample #12530 stands out
from the linear trend dispiayed by the ofher samples -(Fig.
441). In this particular sample, Ir may be concentrated by
som; other phase rather than a remnant refractory carrier
in olivine. ~As mentioned abdvé, sulfides are‘prdbably not
important Ir-carriers in the .enviipnment of the QFV. Ir‘
appears to be fairly immobile during alteratidn processes
}e.g., Glasson and Keays, 1978; Mitchell and Keays, 1981;
Oshin and Crocket, 1982; Barmes et al., 1985). Thus, it is

presumed that Ir behaved like all the elements - that are

‘present in comparable abundances in the carbonate racHs
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relative to komatiites (Al,03, Ti05, Cr, Ni, Mg0, etc.);
that 1is, it waé- probably moblle to some ex;enf in the

altered komatiite, and‘po Ir was added.from an extraneous

v
source.,

Excluding PGM, arsenides and’ sulfarsenides act as
majors concentrators ?$ PGE (Crocket, 1981). Sample #12530

was collected in very close proximity to the QFV (Fig. 4-

2). This Zample has the -highest As cdntent of all the
_ samples analfzed‘for Ir (Figf 4-8)., It is p?ssible that the
1gtfqductién cf As in 'the komatiites during élteratlbq<
‘resulted in .crystéllizatiDQ_ cf an arsenide:éulféréenide- .
mineral which concentratea'I;. The presence of an arsenide-
.sulfarsenide in the’ immediate afv—environmentl will be
subst#ntiated furfhermoté in chapter.s. . |
4.6. CONCLUSIONS

| The waél rocks of the ‘QFV .have been fa;tered to
various degrees. The..slates, were altered o ly' in the
immediate vicinity' of the QFV. .The,.alteratzgf pattern
suggests -that K20, Ca0, CO,, Rb? 'Bé,vand Cs were removed
froﬁ-the slates whilelﬁazo seems to.be the sole conatituént

that was added to the slates.

. .

Thé carbonate focks are probabl% the completely
Sy . | ,
altered counterparts of komatiites. A komatiitic protolith
is suggested by high MHg0¥X Cr, Ni, and Ir abundances, as

) . . - - i :
well‘ﬁs flow top breccias and polygonal jointing. A1203f
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14 on 12530
= _
(- .
'E: 2‘I - 12526
= el . '0.1.2325 . - Q12504

Q12527
00 Carbonate Jrotk
~ ® Komatiite (south of Dome Mine)
| B A | |
0 200 AOO 600 800 1000 1200
| As (ppm)

Figure 4-8. Covariance between Ir and As in carbonate rock
samples from the Dome™ Mine and a spinifex-textured
komatiite from the Timmins area. - ‘
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Fes04, Ti0,, ~Mn0, Sec, V., and some REE (Sm, Yb, Lu) are
present in the carbonate rocks in similar abundances to
"fresher" komatiites from the Abitibi belt. Carbonatization
of the komatiites resulted in the introduction of Ca0, K50,
Sr, 2r, Nb, Eg, Naj;0, MnO, Rb, ¥, As, Sb, BAu, and of counse
CO,. The altered rocks are alsoc enriched in LREE, and most
display a posiLive.Eu ranomaly. The latter might reflect a
reducing hydrothermal ‘fluid.’ However, more likely they
represent a hydrothermal fluid Athat was splked with Eu
after reaction with a, rock containing plagioclase Si0, and
H,0 appear to be the only constituents that have been
partially lost from the carbonate rocks |

" The large variation in A1203/T102 ratio, and.Ti/2r,
Ti/¥, 2r/¥, Ti/Sec, and 2r/Sc ratios inconsistent with
vaiues- typical oE‘ komatiites, suggeéf high element
mobility. ‘Elements were probablyl¢m0b1¥F Vwiﬁhin the
carbonateu}ocks to some extent, and iokchaqée' of certain
elements with surrounding'litholooios was tmportant. This

precludes the hse of duantitative mass-balance calculations

to evaluate element mobility in these rocks.

1
ra

Alteration of the cafbonate rocks is centered
around the porphyry lens in proximity tonnhe QFV, rather
than around 'the QFV itself. The mineralogical and textural
zonation around the porphyry lens on the 12th level is
analogouo to the alteration pattern that can be found in

the periphery of porphyry copper deposits. The geochemical
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alteration £follows the trends displgyed by texture and
mineralogy. Elgments that are enriched in the carbonate
rocks relative to komatiites were probably introduced into
the latter via a singleualteration event. The hydrothermal
fluid migrated outwards from the porphyry lens into the
komatiitic host rocks. This fluid probably did not
ﬁénetrate very - far in the less perheabfe_slatés; and diad
."not greatly alter,them: Thus,'itq seems -that -héét of the -
‘ extraneous major and trace elements ;ﬁ the éarboﬁate rocks_
- were derived ffom the-‘immediate neighboring lithologies,
-mainly the porphyries, and to a lessér extent the slates.

" ’qud‘fis‘ enriched 1in all *hbqt rocks. f; appears
4unlike1y théf carponatizatidn. of"-thé Eogitiité; supplied
, gold. to the QFV, since the komatiites are themsélﬁes;j

enriched. -~ o ’ . . ‘ ’

*



CHAPTER 5
ANATOMY AND-MECHANISH OF FORMATION
OF THE QUARTZ-FUCHSITE VEIN -

5.1. INTRODUCTION

Gold mineralization in Archean greenstone belts is

commonly located In, or adjacent to, shear zones and faults

(e.g., Gustafson and Miller, 1937; Dunbar, 1948; Henderson,

1948; Thomson, 1948; Travis et al., 1971; Robert et al.,
1983; Colvine et a1§}'1984; Bernasdopi, 1985; Clark et al.,
1984; Robert and Brown, 1986a;'Groves and Phillips, 1987).
This observafion led many researchers tq conclude that
Archean gold depdéité are structurally éoﬁtrolléd'by faults

or  shear zones. The deformation affecting host rocks of

gold deposits is often one of the lateét ‘recorded events, :

Thus, caution "is needed in suggesting a genetic link
'\:

between the late deformation event and the emplacement of

the ore "body. The question is whether the structure

controlled the development of the ore body, or whether the

ore body was a zone of weakness which controlled the

localization of higher strain.
The choice of one or the other of these
alternatives will - have major implications on the

_ ~
interpretatiop of the gecchemical and fluid inclusion da;a,

! ‘ &

- 83
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and the interpretation of ore genesis. In this context, it
is imcortant for the Dome Mine study to. determlne the
mechanism of formation of the QFV, distlnguish features
related to. vein formation from features related to
deformation,. place the vein genesls into the geologtcal
evolution of the Timmins area, determine the distribution
of gold within the QFvV, épd understand how the ore

L)

distribution ties into vein deﬁelopment and deformation.

5.2, LOC D G ' STRUCTU
OF . UARTZ-FUCHS I

The QFV is ' located in the zone of carbonatized
komatiites %nd _altered porphy;ies (Fig. 5-1). it has a RE—U
jsﬁ trend a;d commonly dips towards the SE fFig. 5-24). It
-is subparallel to the northern contact of the altered rocks
and the slates (Fig. 5-3), and for'most of its'extensioh,
the immediate wall rccks are the carbonatised.komatiites.
However, the QFV sometimes marks the boundary cetween the
carbonate rocks ' and the slates. The gold mineralization is
entirely hosted within the 500 m by 550 m.by 3.5 m average
width QFV, althqugh in the upper 6th and 8th levels,
economic concentretlons are also fouhd in the lmmediate
carbonate wall rock. The structure and the thickness of the
‘vein is{righly variable along strike and dip. The vein is a

chain of\quartz lenses, often bounded by faults of variable

9
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orientations (Figs;hs—l,JS—S, and .5-7}. For the sake gf
simplicity, the. chain of qhartz lehses islreferred to as
QFvV, Two main types of quartz velns can be distinguished
along the strike of the .QFV : gquartz veins in tﬁefwall reek
and quartz material forming the QFV.

Figure 5-4 represents the shape of the QFV with the
help of a Conolly contour diagram (Conolly, 1936). The
strike and dip of the reference plane are 04§ (N450E) and
75°SE, respectively. Measurements oE the distance between
‘the reference plane and the vein are at lﬁ' intervals
Overall, the QFV has a convex shape towards the NW (Fig. 5-
4)}. According to the Conolly diagram (Fig. 5-4), the QFV
can be broadly separated in two domains. The western part
of the veln has a very regular shape. The distance between
the vein and the .reference plane increaées regularl& from-
east to west, as well as from bottom to top.. The eastern
domain .has_ a more irregular shape, -and 'structurally
speaking, = seems to be ' more complex than the 'weétefn :
extension of '“the vein. The irregular -shapel is also
reflected in the greater difficulty in following and mining
the eastern part.of the veiﬁ. In tﬁis area, the contouring
values show a sharp break between the 10th 1level and the
12th level. This jump in the values can also be noticed oh

' the cross-section in 'figure' 5-3. On the 12th and 13th
levels, the vein is located at the lower carbrock - slate

contact, whereas on the 8th and 10th levels the vein lies

o
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Flgure 65-2, Stereographic projection of structural
elements of the Quartz-Fuchsite veln and of its wall rocks __
(Wulff.stereographlq net). ' ’

A: orientation of the (Quartz-Fuchsite vein and the
foliation in the carbonate wall rock 4. . ‘

B: orientation of the slickenside striations in the
Quartz-Fuchsite vein, and the two high grade ore zones in
.the Quartz-Fuchsite vein. ' :

C: orientation of relatively undeformed quartz veins in
the carbonate wall rocks. .

D: theoretical orientation of fractures associated with
strike-slip simple - shear and concomitant development of a
~foliation in the wall rock. Orientation of second order
fractures has been -.taken from Hancock (1985). The
orlentation of the theoretical foliation in D has been
.visually estimated to represent the average orientation of.
the foliation of the carbonate wall rock depicted in A.

Y



Quartz-Futhsite vein

Foliation in carbonate
wall rock

% Long axis of. high grade
ore zones in the QFV

Slickenside "striations along

banding:a & walls: e

Quartz veins in
carbonate wallé,ock
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along’ the upper contact between the carbrock and the

20

-slates. At its western extremity, the vein has a NNE-SSW

trend, while it strikes NE-SW at the eastern end. Two main
structural trends can be observed: one which isg nearly
horizontaki_ and anotner wniph is subvertiqalf " dipping
steeply to the NE. The horizontal tfend is only present in
the eastern domain of.the vein. |

‘“{£§‘ _ - | .

5.3. IIMING OF THE QUARTZ-FUCHSITE VEIN IN. THE

oLu ‘0

The most distrnctive deformation event‘ in. the
TimminS'area is .the . development of an eastward striking

foliation and plunging lineation, defined as Dy by, JRoberts

s

‘et a1.,,(1973) and Roberts (1981). It 15 important to

-

establish the time relationship between t/;s penetvative

deformation and the QFV to understand . the development of

thefgein and its gold mineralization within the.geplqgiCal
evolution of the Timmins area. )

' In the viclnity of the va, "foliation is indicated
by preferential aligﬂment ‘0f chlorite and mica. It common;y

strikes NE . and dips steeply to the NW (Fig. 5-23),

k.

midentléei with the trend of the planar, fabric in the D;

deformatlon event (Roberts et al., 1978; Roberts, 19817,

" The follation appears to be:.discordant w1th the orientation

of the QFV.'Happing of the behavior of the foliation across
the QFV alsoc shows the discordancy betéeen foliation and

oL
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the vein (Figs. 4-2, 5-5; 5-6). The vein becomes parailel
to the foliation only in the upper levels (Fig. 5-7) where
it bends into a veréical orientation and dips to the NW
(Fig. 5-3). For most. of théﬁ extension of the QFV, it
strikes parallel to the strike of the foliation (Fig. 5-
_ZA)t This parallelism often gives the impression in stopes
and drifts, that both the foliation and the QFV are
paraliel. However, the Importaﬁt vertiéal dimension is not

% available in these situations so that a full view of the
L relationship between the veih and the planar penetratiﬁé
fabric cannot bejobtained.

&

The presence of a fracture cleavage in the QFV

¥Plate 5-1A), and crenulations at the contact between the’

~ vein and the wall rock ™(Plate 5-1B), 1nd;é;te, that’
fo;gafion‘ gf_ the QFV  preceded " thé .development ofrthe
foliétion. HSFeoGEf» the fcliation cén!vary in an irregu}ar .
— - fashion across the QFQ.(Fig._:E—S ;nqk §-6), or may Dé
{ _. ) present in one wall and ébéentl iz the oppoéife wall
/ suggesting that the foliation is irregulariy,refracted
- through the QFV. Holmes (1968, P-21) noted this seemingly

puzzling behavior of the feliation in the proximity of ore
bodies : "...The degree and attitude of the = schisting are

diff;fult " to establish. Frequently the dip . appears

considerably different on the wall and on the adjacent

back; it is also common for the rock to appear moderately

sﬁ\?chisted.on the wall and perfectly massive on‘the back...".
2 _ -
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The quartz veins present - in the wall rock predate

the foliation as well. Some veinlets are tightly folded,

-and the folliation is axial planer Eo the isoclinally folded

veins (Plates_S—SA and .5-7A). This indicates +that these

veins were present before the follation was.imparted to the

~rocks, and presumably at a hiéh angle tquit.

ToN

The orientation of the foliation in wall rock
inclusions in the QFV is similar to that of the wall ‘rock
(Fig.. 5-8). The immediate inference from such a
relationship .is that. foliation antedates quartz veining.

However, this is most unlikely, since :

1) the contact between wall roeﬁ’ and éuartz material is

jagged or crenulated, whether one considers the wall rock

1nc1usions inside the QFV, or ggartz veins in the wall rock

(Plates 5- EA and 5-2B); :
2) a fracture cleavage)(whigh is the refracted counterbe;t

of the host rock fofiation, is easily recognized in veins

extending from the QFV into the wall rock (Plate 5-2BJ.

™~
In conclusion, the bulk of the guartz material

present in the QFV or in the wall rock was precipitated

before the foliation developed. The only veins which seem

4
to be coeval with the foliation are small en-échelon gquartz

veins, sometimes sigmbidal_in shape (Plates 5—4A'an& 5-4B)
This type of quartz veining is howevef poorly represented

in the carbonatized rocks, and is volumetrically

.

- .&.
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Plate 5-1A. Fracture cleavage and contractional fault in
. the Quartz-Fuchsite vein.

a: fracture cleavage, .

b: foliation in carbonate wall rock:

c: chlorite and fuchsite banding ou 1ining a contractional

fault.

ocation: 16 level, back of the drift

The foliation of the wall rock runs from the lower right

corner to the upper left corner of the plate. It is

refracted through the Quartz-Fuchsite wvein where it
" becomes steeper and is developed as a fracture cleavage

rather than a foliation. This relationship is evidence for

quartz veining preceding development of the $oliation in

the wall rock. Since the plate shows the back of the mine

drift, the contractional. fault indicates a right-hand

sense 'of motion in a thorizontal plane. Note how the

banding from the vein runs in the wall rock, and how some

bands are truncated by a second group of banding (c).

Plate 5-1B. Crenulated Quartz-Fuchsite vein - wall rock
. contact, . ' . ' '

T » . . - %
a: crenul§ted contact between the Quartz—Fuchsite gein ‘

and'the carbonate wall rock, .

foliation in the carbonate wall rock.
Locatlon. 12 level, back of drift (for location see figs
5-~1 and 5-9).
The crenulation along the wall of the Quartz—Fuchsite vein
was formed as_a. consequence of foliation development in
the wall rock. Note the fracture cléavage in the vein

ﬁ,which extends subperpendicul&r from the crenulated wall of
t N

he vein (a).

"
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Plate 5-3A. Typical ore~bearing zone in the Quartz-—
Fuchsite vein,

a: gold~bearing fuchsite and/or chlorite banding in the
Quartz-Fuchsite vein,

b: massive and barren quartz zone ~in the Quartz-Fuchsite
vein,

c: boudinage of banding,
d: relatively unstrained crosscutting quartz vein.
Location: 12 level (see fig. 5-1). Carbonate wall rock.

Plate 5-3B. Folded banding in the Quartz-Fuchsite vein.

isoclinal fold of the bandlng, ‘ e«
boudinage of the banding,

: fracture cleavage in the Quartz—Fuchsit%avein.
stylolitized banding. : ' .
Location. 12 level (see figs.-5-1 and 5-9). Carbonate wall

" rock.

The fold in the banding - dicates that the banding was
developed before deformation along the Quartz-Fuchsite
vein took place. Pressure-solution in the Quartz-Fuchsite

vein is lndlcated by the stylolitized banding.

¢
5
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Plate 5-4A. En-échelon guartz veins in the carbonate Qall
rock. ' '

a: en—échelon quartz veins, -

b: quartz vein in the wall rock antedating foliatlon,
c¢: foliation in the carbonate wall rock.

Location: stope 108146. - '

The foliation in the carbonate wall rock is sub-vertical.
The quartz vein running from the lower left corner teo the
upper right corner of the plate (b) antedates foliation.
This is evidenced by the buckled appearance of the velin
labelled ‘b, the fracture cleavage running through it, and
the crenulated vein-wall rock contact. The larger en-
.échelon and sigmoidal vein crosscuts vein' b. The
development of these en—échelon veins is probably:
contemporaneous with formation of the foliation.

Plate 5-4B. Boudinage of the Quartz-Fuchsite vein.
a: Quartz-Fuchsite vein, R . |
b: en-échelon quartz vein in the pinch of. the boudin,
c: foliation in carbonate wall ‘rock. T
Location: 15 level. : .

- \.\
The sigmoidal en-échelon quartz vein probably formed as a
consequence of boudinage of the Quartz-Fuchsite vein. A
fracture in the pinch of the boudin acted as a sink for -
silica removed by pressure-solution from the swells of the
boudinage structure. \\\\\\

~

Plate 5-4C. Folded banding in the Quartz-Fuchsite vein on
a microscopic scale.

a: isoclinal folg,

b: recrystallized quartz, ' ‘ . o
c: pressure-solution . contact between quartz grains
(stylolite), Ty : '

The folding of the banding indicates that deformation
- followed development of the banding. Pressure-solution
contacts between quartz grains and recrystallized quartz
are typical textures of banded zones from the Quartz-
Fuchsite vein. - ' '
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unimportant with respect to the veins which predate the
foliation.

5.4. QUART L AN uc _PRES
UARTZ- 'E VE]
The QFV is composed of twd main q#a%tz types : one
which is 'Massive,' and consists almost entirely of

relafively unstrained quartz, and 1is usuallyf of iow gold

grade; agg//é“ second type which consists of alﬁernating

'bana$>bfﬂquartz angd ﬁhyiioéilicates and/or wall jrock, and

which contains high gold concentration (Plate 5-3A). The

-banding is mainly present in both eastern  and western

extremities of the QFV.(Fig. 5-1). Fuchsite is dofinant in
the weSternAdoﬁaiq of the vein, whereas chlorite is thg
main banding-cdmponeht in tﬁe eastern part oé the QFV..

Banding is subpqréllel to the walls of thé vein

s 5-BA and 5-7B). The width of the bands is in the

millimete range. Thicker bands can be recognized as
slivers or_ inclusions of carbonatized komatiites or slates.
The thin banding sometimes grades into inclusions of wall

rock. Bands tend to occur in domains of several subparallei

(41nqiziéuai of \ single bands. in‘detail, however the bands
f _ ,

are hiégig_igregular and discontinuous. Thg banding can be
parallel to one wall \§f the wvein, and bends towards the
opposite wall. It may be “oblique with 'respect to the

general trend of the vein or it may run into the wall rock.



One band méy be truncated by another band (Plate 5-1A). The
banding is also highly deformed, boudinaged (Plates 5-3A
anc 5-3B), and fclded on both a macroscopic and a
microscopic scale (Plates 5-3B and §-4C).

Q&artz within the bands is'largely recrYstallized,‘
and, to a lesser extent, fréctured. Stylolites are also
observed in the banded zones of the QFV (Plates 5-3B, 5-4C,.
5-6A, and S—GB)..This contrasts with the coarser grained
| acd less deformed texture of the massive vein gquartz. -

Discordant quartz veins crosscutﬁ‘the bandicg at
high anjle '(Piate 5—3A). These veins range in width and

. length ffom a few millimeters to several centimeteré);}”"

-
-~

-soméfimes'rup £§Hi2 6r 3 meters: Some of the Sm;}lér
crosscutting veins secm to be related. to the boudinéée of
the banding J(Plate 5—3A)}_ The quartz in these/small veins,
is 1ess strained than the quartz within the banded parts of

the QFV Boudinage can also affect the entire QFV, where

-

/

its width is small. A small sigmoidal vein often occupies
_the pinch of the boudinage structure (Plate 5-4B).
Contractional faurts are present in éhe QFV. Most
show a right hand‘ﬁgtion (Plate 5-1a4), while some-indicate"
a left hdnd motion. Both the QFV and the wall rock
‘foliation/gré occasionally folded. Faults anq foids are
mcre/poﬁ;only observed in the eastern portion of the QFV.

'§1{ckenside ctriations'are common along both the banding

~ and the walls of the QFV. The majority of the slickenside
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striations plunge to the E and NE (Fig. 5-2B). This
Vi .

oi}eﬁtation is similar to that of all linear structures

/ﬁ}esent in the“Dome Mine (Holmes, 1968), as well as the

] A . :
orientation of tbe Dl linear fabric of the Timmins areas

(Roberts et al., 1978; Roberts, 1981). The slickenside

&

sur faces indicate a reverse movement along the bands and
walls, i.e. the south-eastern - block moved upwards and the
north-western block downwards.

‘.

Phylloeilicate laminatioﬂs have been observed in

-rare?éases ‘within quartz grains from the banded parts of

the QFV (Plate 5-64). These small laminae compoeed of

fuchs;te and/or chlorite are most certainly crack-seal
;‘\

inclusion bands, as defined by Ramsay (1980a) and Cox and

Ethefidge (1983). These laminations, together with some

-

‘quartz fibers - (Plate 5-6B), are probably the only intact

-feafures_remaiﬁingofrom the iﬁitial‘development of the QFV.

) . .
Many areas of the QFV consist of massive, barren,

and relatively unstraiﬁed quartz - (Fig. 5-8, plates 5-23,
£5-5B and 5-7B); The mode of occurrence of this type of
quartz is wvariable. In some insﬁances, the QFV is entirely
coﬁposed ef"such massive quartz,.Wherer banding is present,

lenses Qof mas;ive quartz separate zones of banding. In.
otg\g occurrences, individual quartz veins are’ outlined by'

wall rock inclusions. -

: ‘The time relationship between the banded and the

messive quartz types 1is . ambiguous. Massive quaftz velins
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crosscut'banded quartz, or’ in turn they are found_fo be
truncated by banding (Plate 5-5A). LN

_ - |
5.5. QUARTZ VEINING IN THE WALL ROCK
| Qﬁartz material shows various configurations in th;
wall rocg. Straight quartz veins of relatively uniform
‘width are the most common (Plates 5-2B, 5-4A and 5-58) .
" However, sysfems‘ o;“ quartz pocketsl'ahd anastomosing
veinlets (Plate 5-7B), and breccias occur as ﬁelie Brgcéias
consist ef éngular to subangular and: 9gntimetgr to—meter
sizé cgrbonatized wéil rbck fragments;/;ﬁichr afe‘émbedded
iﬁ a m;trix of quaftz. fhese'breccias are présent‘as l;ttle
pockets along the QFV (Fig. 549). Rlthough it is difficult
to quantify, it appears‘ that the ifregulap quartz pockets
'wh;ch éfe'éonnected by small quartz veins (Plate 5—78), 
‘become-mbre. abundant towards the upper levels of the QFV,
i.e. 12th level and upwards.

The guartz veins présent in'thé wall rock display é
state of deformation ranging from unétrained to tightly and
isoclinally folded (Plates 5-5A and 5-7A). The most
deforméd ve?ns are usually found in the immediate vicinity
d;#fhé QFV. Besides isoclinal folding, deformaticn also
éonsist of boudinage, ff&cturing and/or"defleﬁtioh of wall
_rock veins into"parallelism with the QFV'(Plate 5-5B).

Relatively undeformed veins in the wall rock

= . g_——-fd
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Plate 5-5A. Amblguous time relationship between banded and
massive quartz material in the Quartz-Fuchsite veln.

a: massive quartz vein, &
b: isoclinally folded quartz vein the carbonate wall
rock. . e\“/}n

Location: 13 level.

In the lower part of the plate, the quartz vein labelded g
crosscuts the bdnding of the Quartz-Fuchsite veln running
from left to right, whereas this same vein a is truncated
by a second generation of banding in the central part of
the Quartz-Fuchsite vein. o '

AN

——

Plate 5-5B. Quartz veins in the wall rock deflected by
fault movement along the Quartz-Fuchsite vein, B

a: deﬁlected quartz veins in the carbonate wall rock,
b: well developed boudinage in quartz gggias of small
width, = - , ‘ o .
c: fracture cleavage running normal to e walls of the:-
veins in the wall rock, IS ,

d: crenulations at the quartz vein-wall rock contact,

e: Quartz-Fuchsite vein.

Locaticn: mine face on 16 level, barren domain of “the
Quartz-Fuchsite vein. . b -

A

The- deflection of the quartz veins in the wall rock
indicates a left-hand motion along the Quartz-Fuchsite
vein in a vertical plane.

£

w






Plate 5-6A. Phyllosilicate lamigiipjin the Quartz-Fuchsite
vein, § )

a: phyllosilicate laminae, or wall rock inclusion-.band

{(according to the terminology by Ramsay, 1980a), _

b:,wall rock inclusion trail (according to the terminology

by Ramsay, 1980a). .

C: pressure-solution surface (i&ylol}te).
'

—

Phyllosilicate laminae and inclusion trails are orliginal

growth features of the Quartz-Fuchsite .vein. They were
developed during crack-seal vein growth when slivers of
the wall rock were isolated, from the main wgll rock and

were mechanically incorporated in the vein
contemporaneously with quartz precipitation. These primary
growth features . were largely = destroyed . due to

- recrystallization of quartz and pressure-solution.

4 :

.o

Plate 5-6B. Quartz fibers in the Quartz-Fuchsite geinf

a: chlorite.banding,

b: quartz fiber, 8 o

C: pressure-solution surface (stylolite), . .

d: saw-tooth contact\between quartz fibers (according to
the terminology by Ramsay, l980a). :

This type of texture = is typical of:. quartz growth
perpendicular to the banding in a crack created by
-hydraulic fracturing. The .saw-tooth contact between quartz
fibers shows the competing Bffec?s of cryiﬁal-growth.

L1

-
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Plate 5-7A. Isoclfinally" folded quartz vein in the .
carbonate wall rock. - R -

e

a: isoclinally folded quartz vein in the- wall rock,

b: foliation in the carbonate wall rock,

¢: Quartz-Fuchsite vein.

Location: 10level, back of the mine drift. . ~

The small quartz vein in the wall rock was folded as a
consequence of foliation development in the wall rock. The .
foliation is axial planar to the fold.

-

Plate 5-7B. Irregular quartz material in the carbonate
wall rock. - :

~a: irregular quartz material formed of pockets conected by

veinlets. - o .

" b: banded and ore-bearing quartz in the Quartz-Fuchsite
vein. ' - ’ '

c: massive and barren quartz in the Quartz-Fuchsite velin.

Location: 1081#2 stope. ‘

Irregular quartz veining’%pecomes more. frequent ¥owards
shallower mining levels 4f the Quartz-Fuchsite veln. This
may indicate that the stress field was at certain times
relatively isotropic, and probably more often at shallow
depth.

=
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display varfable orientations (Fig. 5-2C). In one Instance,
it was obséfved'fha; veins present on one side of the QFV,
show a diametrically different orientation in the opposite
wall (Fiﬁ%‘ 5-9). . Veins on both sides however show a

) deflection‘which is consistent with the right-hand motion
deduced from the slickenside surfaces along the banding.

Most of the veins in the wall rock’ are composed of

only gquartz. .Banded veins have been :ecognized-in some

I

: v
instances. Very few of the veins in the wall rock contain
. - s

visible gold and galena. . - £f 
The chrénologicél relationship between:gthe‘wall

rdck veins and the QFV 1s equivocal as well, since baéhque

. can be found to crosscut the other. - :
’ ' oL 1.'.
5.6. GROWTH FEATURES VS DEFORMATION FEATURES

5.6.1.-Summary of textures and structures

The preceding description  shows. that f two
£ﬁndamental features can be recognized in the environment
of the QFV : those that érq related to vein fo}mation, and
those that are due to subsequent deformation. The purpose
of this section is toj summarizé ~these téxéures and
structures in order to ."looi through" " the staée of
deformation, and ﬁndefstand the 4 mechanism of quartz

deposition.

- Growth features related to quartz deposition are
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inclusiong of wall rocks, 'banding and .phyllosificate
laminae, quartz fiberé;'massive quartz veining, wall rock
breccia embedded in quartz, and irregular qgartz material.

Deformation features are : foliation in the wall
rock, fracture cleavage fn the QFV,. crenulations at tﬁe
QFV-wall rock contact, slickéﬁside‘ | striations,
contractional faults, folding of the 'QFV and ﬁcliat;on,
boudinage of banding and the QFV, small croSscutfing
veinlets in the pinches of  boudins, 'recrystallizatioﬁ.of
quarti, stylolites,ﬂfgq%g}ng, deflection, _boqdinage,‘and
fracturlng-bf veins preseh%’ in ‘the wall . rock, and en-

échelon quartz veins in the wall rock.

5.6.2. Conseguences of the deformation event on primary
égog;h £§a¥u2e§ and location of strain

The orientatioﬂ of the foif;tion with respéct”to
the QFV (Fig. 5~2A) indicates that  the méximum principal
stress reéponsiblé for the developmenE of_thé planar fabric
was subperpendicular to. the vein.

The difference in strain which can be observed in
massive  and banded Quartz' is .striking. ‘duartz
i}ecrystallization and stylolites are common in banded
parts, whereas massive ‘quartz rafely .displays th;se.
rtéxtures. Robin (1979} }ndicated that "...When a same

strain rate 1is imposed on rocks which contain 'quartz' and

differing amounts of 'mica', the rock which is richer in

I
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mica (other things being equal) will require a lesser
differential stress, 01-04, to cause the strain rate...".
Thus;.Phe .Same st;ess which was applied to the entire QFV
resulted in highly strained areas, i.e. banded quartz, and
relatively less deformed portions, i.e. massive homogenecus
quartz. ' ~

Furthermore, Robin (1879) . also . noted how

deformation can 1lead to segfegation of bands or domains of

+ f

different bulk composition; One of his conclusions fs that
under suitable conditions,  variations in quartz-mica
proportioné willl“be accentuated due to stress induced
diffusion’ transfer. As. applied to the QFV, a maximﬁm
principal stress subperpendicular to th IQFV would result
Ain quarti-dissoldtion in the phyllosilicate laminae and the
banding. Silica wduld tend to migrate from the latter to
the quartz layers so that the quartz layers became richer
in quartz, and the phyllosilicate 1layers depleted 1in
éuartz. ‘
| The developmeht of Bouéinage and crosscutting veins
in the pinches of the banding are akin to the fo:matioﬁ of
boudins and extensionél strucﬁures 'in, aniéotropic or
foliated rocks - (Platt and Vissers, 1984, Under
compressional deéormatidn, the banding 1limited ducfilé
extension alaong the strike -of the QFV. This caused brittle

failure of the banding accompanied by the development of

subperpendicular fracturesz The cracks acted as sinks for
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"the silica materlial removed by pressure solution in the

banding; resulting in the formation of small crosscutiting

-quartz velins. Shbsequent shortening of the rock normal or

obligue to the bgnding produced the pinch-and-swell
stqucture:

Thus, the subhorizental coﬁpression'appiied to the
QFV resulted in the préferential "location of strain in G

areas which were heterogeneous in composition to start

"with, 1i.e. banded" quartz. As a 'consequehcg; | quartz

- . dissolution and. recrystallizétion was more important in

’

these areas, Delicate primary textures, such as

-lﬁhyllosilicate laminae and quartz fibers so charaéteristic

of‘ vein growth by crack-seal (Ramsay, 1980a; Cox and

Etheridge, 1983), were largely destroyed

: : o
5.6.3. Sense of motion along the Quartz-Fuchsite vein

‘Many of the -deformation features described abave
are.zvidéﬁce for some displacement along the QFV.-The§
allow the nature of the movement which toock place along the
QFV to be deduced. These features are summarized in flgure
5-10. The motign along fhe QFV is a re:erse dip—strike
faulting, striking NE,-with fa sense of movement plunging
approximately 60ONE, the SE block moving upwards and the NW
block. downwards ‘The occasional $-C fabric of the foliatlon

in the wall rock is also in agreement with such a

displacement history (Fig. 5-1).
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5.7. MECHANISM OF FORMATION OF THE QUARTZ-FUCHSITE VEIN

5.7.1. WMW,

#{'

A model of brittle-ductile ‘shear zone development
(Raméay and Graham, 1970; Ramsay, 1980b; Ramsay and.Huber,
1986) has been advocated by mény researchers for tﬁe
formation of Archean gold deposits (e.g., Kerrich and'
Allison, 1978; Robert et al., 1983; Colvine et al., 198%;
Robert and Brown, 1986a;. Groves and Phillips, 1987).
However, the overall structural setting and anatomy of the
QFV is not satisfactorily explained by such‘a model. The
reasons for this are: N |
1) The deposition of most of the quartz material within the
QFV and veins in the qall rock antedates thé_aébelopment of
the foliatipn.lThe folia?ion cuts thro&éh the QFV which
contains % fracture cleavage.and crenulations occur at the
QFV-wall rock contact. In a typical shear‘zong #}stem, the
foliation commonly makes an andle of 489 to fﬁg strike of
the shéar zone, and fhis angle.'progressiv%&y décreases
~towards the cénter of the shear zone (Ramséy and Craham, 
13970; ‘Ramsay,  1980b). Such a siémoidal _shape of the
foliation has ‘n;ver beeﬁ observed at the contact with the
- . -
2) The majority of the quartz veins in the wall rock do.nb?*‘

display the en-échelon fractures, and_ Riedel, R' and P

shears characteristic of strike~slip fault. zones evolved

g o ' . -
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during simpie shear (Tchalenko, 1%68; Ramsay and Graham,
1570; Elmond, 1983; Hancock, 1985) (compare figures S?ZC h
and 5-2D). Therg are énly a few small sigmoidal and en-
échelon veinlets which mfghﬁ be contemporaﬂeous and
genetically related to the deveiopment of tﬁe foliation.
The presence of veins in the wall fodk with contrasting
orientations on both sides of the QFV (Fig. 5-9) are yér&
ditficult to explain in a classical shear zone model. —
3) The foliation "is irregularly distributed along the
~ strike of the QFV; It occurs predominantly in proximity of
the Bandéd parts of the QFV. Foliation.isf absent in some
areas where primary textures can still be recognized in the
' carbbna#izedlkpmatiites, i.e. flow top breccias (Fié.:5—9).
Sﬁch irrequlAarity in sfrain ié difficult to eiplain'within
é shear zone \nodel which‘impliés ,incre;sing ductile ifpain
up to brittle failure.

In brief, the deposition of the bulk of the gquartz
material in the QFV eﬁvironment is unrelated to movement
along a brittle-ductile shear Zone concomitant with
_development of foliation in the wall rocks.

-
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5.7.2. Mechanism of veining

An alternativ& mechanism to the shear zone modél is
prgsented in the follow;ng discﬁssion,‘wﬁich might bhetter
integrate all the v-.'rc:corde.d fieid sand thin-section
observations. In this process of vein formation,
hydrostatics plajs a predominant role, and deformation is ,
negligible. . » Y

Cox et al. (1987) recently reviewed fracture
formation and vein growth Brocesses. Two“princibal modes of
fatlure can take place in rocks :
1) In high differential stress environments, when/3tress
differences Become approximately"four E}ﬁgs higher than the
tenslile stfength of the intact rock (61233 2 4T), failure
will ., occur in a shear mode; reggrdless ofu thelfluid

2

pressure level,
A P

2) In 1low differential stress environments‘-(ol—c3 < 4Ty,
extensidﬁ failure can occur proqideq that p&re flulid
: préssure is high. The effect of fluid pressure (Pf) is ;o
decrease the effective nofmal'stress (Gagg) acqoréiﬁg to
the following rélation P _ |
‘ \\,gi' éeff"z GN-PF, |

whereé oy is the normal stress acting on ’the wall of the
vein. In a thfee*dimensional stress state , hydraulic
fracturing can.fake place when . |

[+
PF 2 U3+T.

L

/k
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Thus; the conditions required for 'hydraulic extension
failure are : 1low tensile strengfh of the rock,-small -
m;himum principal Sfresg, and higﬁ fluid pressure.

In the QFV environment, theré are two distinctive
types of qhérLz material : banded ‘quarti and massive
quartz. The latter forms iargg ‘veing of lenses, with
thicknesses ranging from a few lcentimeters up to 3-4
meters, and_lengths‘generally in"thé_meter range. According
to Cox et al. (1987), such massive textureless veins form 5
usually during a ﬁ}olonged stage pf fréctu;g growth and
opening as?ociiﬁed witﬁ con?}nuous_crystaliizéfion.If $he
fluid pressure‘withiﬁ_fhe frgéture is sufficiently high to
hold the vein walls apart (Pp > oy), and if the fluid
remains sﬁpersaturated\ in ecertain compoﬁents, then vein
.growth“w;ll bersi;t;‘The vein will become’sealed as soon as
the fluld pressure drops below the normal stress acting on
its walls (Pp. ¢ oy), or when mineral growth is_faster'than
- the rate of fracture-wall separation. &

o The presence of pgx%losilicate laminge within the
banded quartz 'sgggests that this tyée of quartz veining
occurred by é'crack~sgal growth mechanism (Ramsay, 1980a;
Cox and ‘Etheridge, 1983). Such vein grawtﬁ iﬁvolyes many
repeafed increments of micrécrack épening, folléwed by
sealing dug to crystallization of material from sdlutioh

(Ramsay, 1980a). Wall rock incliusions can be mechanically

" incorporated in the vein, when microcrack opening and veln .



118
accretion occurs at the vein-host rock contact. As shown in
plate 5-64, repetitiVe crack-seal increments result in
characteristic microstructures such as wall rock incluslon
bandé and trails in .crystallographic continuous quartez,
'Numerqus.repeated increments of microcrack opening resulted
in ripping g§£ of wall rock'selvages and their mechanical
1nc6rporation in the QFV' concomitant ﬁith quartz
précipitation frdm the - hydrothermal fluid.' This
accretjonary veih g;éwth process |is responsible for the
formation of the characteristic banding in the ore-bearing
zones of the QFV. For instance, Cox et al. (1987, p;77)
mention that "...the'groﬁthi_of a ‘vein abogt 100 mm thick
generally involves. several thodsand crack-seal growth
increments...": Etheridge et al. (1984) have modeled the
operation of crack—éeal é?stems‘(Eig.'S—ll). A fracture {n
the rock is'fofmed' when local | £luid pressure increasés
A (PF- > o3+T).,fAn"instaptaneous drop in fluaid pressure
results inside ,tﬁe crack. - A fluid pressure difference 13
' thus established between the surrounding rock and the
fr#cture, resulting~_in fluid migratiog to the crack until
fluid presshre is reequilibréfed. Once ggié stress state is
obtained, the vein seais. Increase in fluid pressure'leads
to anothef“crack—seal sequente of fracture, ~fluid bressuqéfﬂ)
drop, and precipltation. It has to be noted that the drop
ih £luid pressure inside the crack is small with respedt to

l ‘ A
the total fluid pressure in the enﬁgqsing rock.

=



PR

; . "pereaqiimnbasa st aunsgaud pin[j souo pajeas st doeuo
8yl *9Jnssaad prniy ut doup ayj Jo Finsed e.se dyoeua ayj ul aoerd sa eruajew 4o ucrjejrdrosay e
- , . ) ) ’ /(AxUOL 11em jewtxoad ayjz ut
& PIN13 asod Juatque syl ueyy aunsseud jo sjeys samO[ © UT ST aJnjoedy ayj ur PINT4 8Yy3 ‘pajeuqryinbaad
St aunssaud pIN(y (13U ">OEIO Sy3 SpPeno} pInfy auod ayj SaArJp juatpe.b Sy} 3004 [[em Burpuno.rms
Y3 pue >oRUO Byl UlaM3SY PaFPEID St Juarpesb aunssaud y ->opJuo B JO uotjewdog ayj3 ur syfhsad

WL:mmmLa PINT4 asod jo dn P1IINg :2 -But.ngoeuy orinesphy jiwaed o3 MO ooj st aunssaad pinyy suod :f
*(rE61 ‘"1® 32 Sbpriay33 asjge) wsrueyoaw [eas—>joEao ayj jo uorjedadp {[-g a-mBig

E g

[



119

Y

o
ssayjs jediud wnuiuiw

ssayjs |edisuldd E:E_,_xme.._“
y304 jo yjbusdjs ajrsuay :
aunssaJd pinyy adsod :




120
Consequently, only those fluid compdnents which are
strongly pressure sensitiVve wil preciﬁitete-(Hobbs, 1287).
Quartz, the main vein constituent inntte present case, is
such a mineral sensitive to sudden pressure drops
(Fournier, 1985).

Wall rock and quartz breccias present along the
strike of the QFV attest of sudden drops in £1uid pressure
as well" (PBillips; 1973). The occurrence of‘quartz pockets
connected by) quartz veinlets is further evidence that
hydraulic fracturing was predominant in the vicinity of the
QFV. -

In summaty, low-stress diffefences -and'hiéh £luid
- pressure would fully explain.,the\ggéiéﬁce of the vatious
gquartz typesﬂin and along the (QFV. A high fluid pressure‘
regime might have been developed by fluid migration in’ the
cgibonate rocks towards the contact with the slates (Fiqg.
5-12A) which represent &Bzone of low permeability, and may

have. hindered fluid migration. IncreaSing fluid pressgge at

the contact resulted in - hydraulic fracturing. [ The

-

orientation of the fracture was a function of the str

field present at the time of vein formation. The %F#‘ghd

[

many veins in the wall rock have a su%y~§ tcal attitude,

L

which suggests that the, maximum principal stress axis ¢
was subvertical. Preexxgiing fractures or bedding plaggs in
the slates, i.e. low tensile sﬁiength of the. rock, probably

also  acted as controls for = hydraulic fracturing,
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independent of the orientation of th& main stress Eleld

(Haimsaon, 1981:; Cornet, 1982).

Muf%iple cycles of fluid pressure increaée,
fracturing, and " fluid pressure drop resulted in crack-seal
type veins, which resulted in mechanical incorporation of
wall rqck slivers in the veinl In contrast, fractures held
open by a high infqrnal Afluid pressure acted as.opeﬁ
channel ways along which £luids mbved, and formed the
large, massive and unbarded quartz veins. These two
processes of vein formatiog ocperated alterna}ly, thus
resulting in the ambiguous and undefinable time
relationsﬁip between both types of vein material.

| The randomly .ofienfed quartz pockets connected by

quartz veinsnwere developed under a near-isotropic stress
_ . & .

. field (61502303). The observation, that this type of quartz

material configuration is mere frequent towards the upper
levels of the QFV, might be evidence that the stress field

was changing from low-stress diffe::hces at “the bottom of .

)

the QFV to a'near—iSotropic stress £field at the top of the

o
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5.7.3. W&M@hﬂﬂg
The present configuration of the QFV is the result
of two Independent gedlogical events (Fié; 5-12)
1} The bulk of quartz.material was‘precipitated‘in cracks
forméd by hydraulic fracturing; The important controls on
quartz deposition were : the presehée of a lithological
contaét which acted as an impermeablé” barrier (slaté—
garbondte rock contact), high pore fluid pressure, and a
loﬁ—stresg difference environment, close to’ isotropic
stréss levels in some- cases. The two types of banded and
massive d;artz were deposited in a single continuous event
during .flucfuating fluid pressures, and do not represent
two séparate episodes of ’quartz precipitation. The bulk
chemical comgosi;ion and the source of the fluid bringing
the quartz into the frécture syétem was certainly‘identiéal
for both quartz types.
2) Deformation was superimposed on the original growtﬁ
feéturés. The deformation features indicate that it was a
compressional episode, ﬂwith the maximum principal stress:
axis subhorizontal and sﬁbperpendicular to the orientatioq
of the QFV. The féliation in the wall rock and the fracture
cleavage in the quartz veins were developed at this stage._
Strain was ~concentratedlin zones of low competéncy, i.e.
the banded éarts of the QFV, which favofed development of
foliation arodnd zones of banding. The banding was

bdudinaged and folded. ' Pressure-solution dissolved quartz

VS

-
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in the banded  part of the vein. Fracturés crosscut the
banding and the dissolved silica was deposited therein.
Sigmoidal veins were emplated in the wail rock. As a result
of higher Strain, reverse movement took place along the QFV
as -‘indicated by the s};ckenside striatioﬁs, contractional
faul@ds, folds and deflection of the velins pgzsent in tﬁg
wall rock. Some of the :wall rock veins wef; completely
rotated into parallelism with fpe QFV and inporporated intb
it. Even the foliation was foldéd at this increasing stage‘
of deformation.’ '

Suach a geoiogical evolution explains the variaﬁle

state o©f deformation .disélayed by the veins in thé'wall
. rock. Thelr deformation is a function ‘Qf,their oriehtation
- with respect -to the principal stress field, thelir width,
-and their prqximity to fhe QFV and zones of banding. For
instance, small isoclinally folded veins In the wall rock
do not represent an carlier generétioh of veins, but rather
veins which due to their small width, and their unfavorable
orientation weFe-relafively easlly geformed, whereas large
and massive vein'structures'weré less affecteq by the same
strain. |
E The' more complex strﬁcture "0f the ‘QFV ‘in its
easéérn extfemity (Fig. 5-4) can be explained in the same
manner. It is possible that this zone of the QFV was more

unfavorably orient with respect to the compressional

event, and accommodated strain with a more complicated

>
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JMIne (Rogers, 1982a,b). Visible gold and high ore‘grades-

125
distortion. Field evidences in support of this argqument is
that folds and faults are more common in the eastern than

in the western portion of the vein.

5.8. GOLD DISTRIBUTION WITHIN THE QUARTZ-FUCHSITE VEIN
5.8.1. Distribution of gold

The QFV is the highest ore grade vein in the Dome
are commonly associated’ with thé characteristic fuchsite
and/or chlorite bénding of the vein, Hassiv? and unbanded
q;értz ié usually barren ‘6r of iow ore -grade. Véins
crosscutting the banding do not contain any visible gold:

The gold content contour diagram has been
superposed io the Conolly diagram (%ig. 5-4), ;%% high ore
grade ZQﬁes can bg . recognized. The highest grades are in
the westerﬁ portion of the QFV, while a secohd high grade
zone'ﬁs located in the uppér paft of £he eastern extensibn.
A further high grade ‘ore zane seems to be pfesent in the
'very eastern part of the QFV. Unfortunately, lack of:
informafion does not allow a clear contouripg' of the
latter. Both high graée ‘zones are ellipsoidal in ;hapé:
Their long axis plunges to‘the“NE similar  to the trend of
the slickenside striations in the;QFV.(Fig. 5-2B}), the B4
stretch lineation (Roberts et él., 1978; Roberts, 1981),

and thg steeply northeast d&bping structural trend apparent
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in the Conolly diagram*(Fig. 5-4). However, ore grades show
no particular affinity for width of the QFV.

Economic gold concentrations are typically present
only in the QFV. However, in a stope below the 8th level
(stope 1081#1), visible gold was observed in the wall rock‘
adjacent to the wvein. According to D.S, Rogers (chief |
geologist at the Dome Mine,; personal communication, 1985),
this is a common observation at the shallower stoping

levels of the-QFV.

5.8.2. Relationg?ib between gold distribution apd the

geglogical evolution of the Quartz~Fuchsite vein

Two scenarios can be envisaged, which may explain
the consistent association of high ore grades and banding
in the QFV : elther gold was introduced in the QFVialong
witn the bulk of quartz, or gold wae introduced into the
banded guartz during or after the compressional deformation
event.

The second scenario is very unlikely, 1nasmuch as
the deformation episode was 'accompanied by extensive
pressure solution, especially in the banded zones of the
QFV. Pressure solution is a mechdnism during which rock
porosity is drastically reduced, rather than increased
(Sprunt and Nur,‘"1977) No evidence suggests that vein
_materlal was thoroughly fractured during deformation, 50
that enhanced permeability in the QFV was generated.

'y
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Thus, ’it appears thél gold was introduced before
the deformation event. The systematic afffﬁify of gol& fof
tﬁ; banded quartz might be evidence for ‘2 genetic
relationship betwegn both. It has to be remembered that
massive and texgufeless quartz 1s mainly barren. Multiple
crack-seal ﬁein growth must have been a ‘very effective
mechanism in removing gold and associated elements from the
ore~bearing fluid. In such a case, gold is likely to have
been 'déposited from a hydrbthermal fluid which, 1like
silica, was very pressure sensitive} The nature of this
.fluid will 'be discussed in chapter 7 dealing with £luid
inclusions.

At shallower mine levels, the occurrence éf'gold in
the carbonate wall rock adjacent to the QFV is fdrther_
evidence fof the £fluid  susceptibility to "decreasing -
~pressure. At about the d%pth of the 8th level, confining
pressure was probably 'rélatively , low S0 Ehat

destabilizati&n of metal complexes in the ore-bearing fluid

occurred.

[

L.

Hence, a vertical distribution can be recognized in
. the QFV,. Belowithe 17th level}'stress differences were too
high aﬁd/or pore fluid bressure was teoo low to rééult in
hydraulic extension fracture and no guartz and ore material
could be deposited. Betwegn the " 17th level and the &th
level, ‘hydfaulic fracturing = was iﬁportant, ,!and

precipitation of quartz : and gold during crack-seal vein

o, .
o .
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» growth took place. Towards shallower depths, i{.e. 6th and
8th levels mainly, Ebnfining pressure was low enough to

\Bﬁrmit destabilization of the ore-bearing fluid and

-

deposition of gold A the wall rock in the abseniz:i§>

crack-seal wvein gnﬁﬁtﬁi The stress £field probably“also
became more isotropic (01®02%03) at shallower depths, as is
indicated by the more frequént 6ccurrence of quartz” pockets
eonnected by quartz_véinlets. The latter type of quartz"
configurafion and higher gold abundances in the wall rock ,
is coincident with the ﬁresence of_ anlarge fuchsite halo

around the QFV at these levels.

Visible gold in wall rock veins and high gold

values in massive and textureless guartz are anomalles in

the QFV ;anironment. ‘However, they are fully compatible

within the mechanism of quartz and gold deposition
described above, since occasional drops iﬁ fluid preSSuré
might have occurred in these sites as well.

y . The ellipsoidal shape of the two.‘high aore grade
zones in thé\va can be ascribed to the deformation event
which stretched the rocks in the Dome Mine (Holmes, 1968),
parallel . to the regional NE plunging D1 linear fabric

" (Roberts et al., 1978; Roberts, 1981).
gt .
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5.9. RECOMMENDATIONS FOR GOLD EXPLORATION

- If the genetic model of the gold-bearing QFV is
correcf, then several ore guides applicable to the Dome
Mine can be suggested. Indeed the guides can probably also
be applied to the entire Timmins mining camp, and perhaps

l
Other ore bodies like the QFV should be lboked for

universaly.

at contacts between two rock types where a high pore fluid
pressure regime might have been built up. Tre igeal
situation is where a hydrothermal fluid Cﬂuld have
cir;ulated in a gilven rock tybe{ 'but wher% further
migration would have been hindered by a_rock,t#@e of low
permeability. The contact can  be a lithologicalgbdundary,
11Re the s;ate-~ carbonate rock contact where #he QFV is

located, or it could be a clear cut transitionfbetween a

fractured and altered rock and its unay tered #nd massive-

. counterpart, as ;s represented’ by the quartz%toufmaline
vein, which lies at the boundary between /%ﬂéfkﬂigﬁly
Altered" rocks and the "South éreehstone" (Flg 5-3). In
other words, prime targets are altered rocks, bndicatlve of
hydrothermal fluid circulat;on, at the coquact with a
relatively more impermeable rock type. ﬁ

df couréé, fluids which migrate pe@allel to the

rock contact would not create 3 high pore fluid pressure

environment. A mechanism has to operate wﬂidh drives the

" i
fluids towards the contact. The later restriction is

N
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illustrated by the QFV and the quartz-tourmaline vein (Fig.
5-3). Both veins are more or less vertical and parallel to
the transition from the altered rock zone to.anopher rock

type. This implies, at least - partially, that £luid

~migration was 1lateral from, the center of the altered rock

-~

. zone towards_ﬁ:ts margins. The concept of fluid migration

will be hddressed in the‘chapter 10, where the genesls of
the gold—ﬁéaring QFV will bewconsidéred in thehlight of the
comﬁlete findings from the preseﬂt research and conceptuql
models cf Archean gold deposits. | “

'Since gold precipitation éppears to be related to
crébk—seal vein growth, veins wifh a'high density of émall
alte:pqting bagds of quargz and wall rock léminae should be
a go?d 1ndicatpr of high ore grade. This type of Quértz
veining seems to be vefy productive  in many Archean and
younger terrains (e.qg., -Malcolm, 1929; Chace, 1949;
McKinStry and Ohle; 1949; Coveney, 1981; Groves et al.,
1985; Read and Meinert, 1986; Robert and Brown, 1986a,b;
Vearncqmbe, 1986; Cox et al., 198f; Mawer, 1987). It is

often described as ribbon- or laminated-quartz. Ore grades

in many cases are dependent on. the abundance ‘of such

veining, since it is recognized as generally being the

ricdhest in gold..

Most researcherz in the Timmins areé agree with an

emplacement of gold-ore  bodies before the regional

compréssional event ftsee chapter 3).The QFV under study

£
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2
fits such a geological evolution, as do banded veins- from
the McIntyre-Hollinger Mine near +the Pearl Lake porphyry

‘(Fig.3—l)g since they are also folded (Plate 6 (figs., 18

F e

héeterogeneous compositionl such as the banded parts of”the

QFV. This 1n turn resulted in preferentlal developmeot of
foliation ‘1n\\\he wall rock adjacent to. these zones,
accompanied by a highetAhegtee of recrjstalllzation, guartz
diésolutidh‘agd }edeposition.'Rogers (1982a) mentioned’ that
diamond‘,;drllliog otten' interqects’ iodividual :veiﬁ

N

structures, but that assaying faile to yield any economic

gold teﬁor Pegree of strain of quartz and intensity oﬁ

;ﬂ) foliation development in the host rock could be used as an

indirect indicator of the ‘proximity of high ore grade
! -

. and 19) in McKinstry and Ohle, 1946}. During "thelreéional '

compression, * strain rates -were higher in zonesv of

banding. Such a procedure can orobably be applied to any

ore tﬁresent in banded quartz, which has undergone

compressional deformation after its emplacement.

-}

§,10. CONCLUSIONS
Deposition' of quartz vein materlal took place
before the compressional event labelled as Dl by Roberts et

al. (19:8) and Roberts (1981).
. ;:C‘l I

Quartz was prec1p1tated :in__‘cracks formed "during

hydraulic fracturing 1in a low differentlal-stfessﬂand high

_pore fluld‘pressure environﬂgzz; The high fluid pressure

N
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regime was developed at the carbonate rock-slates contact,
where the slates acted as an impermeable barrier to £lulid
migration. Two types of vein material were deposited :
masslve unbanded ouartz during protracted - stages of
fracture growth, opening and continuous crystallization,
and banded quartz during repetﬁtive stages of crack—seal
vein <;rowth The characteristic banding of the ,Q;t‘_
developed uring these accretionary stages of vein orowth
when Qaf{?

rock slivers were mechanically incorporated in

the QFV simultaneously with Quartz precipitation from the

‘ hydrothermal fluid.u Gold is consistently associated with

banded quartz, suggesting .that" it was probably deposited

-from a hydrothermal fluid which was sensitive to slight

pressure drops characteristic of the crack seal mechanism.

The subsequent deformation event was accompanied by

) important pressure solution effects, which destroyed

primary growth features.to a large extent. Porosity was

reduced, which rules out the ‘possibility that gold was

introduced at this or a later gtage Strain was mainly
localized in and- around zones of heterogeneous composition.
that is . the banded quartz Thus,,foliation is better

developed in the wall rock adjacent. to zones of banding.

~ Contractional faults, folds and -slickensiQe striations

indicate that strike-slip ~ displacement took place as

deformation proceeded. Thdsent!;e- QFV and the- ore zcnes

: ‘ - : ' \ _ :
=4 Contained therein were stretched parallel to the regional
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(h_, D; lireation. In the view of field and petrographic

evidence, the genesis of the gold mineralization in the QFV
.cannot be realisticelly explained within the development of
"a brittle-ductile shearuzone.model. -
| Structural and chemical controls are often invoked
t}as the principal reasons for ore depos;tion. The geologieal
setting of the QFV however clearly demonstrates that fluid
hydrostatics and state of the stress field were predominant
in the genesis' of the ore body under study. These two
concepts should at least deserve equal consideration to the
‘two factors mentioned above in modelingvere deposition.
Hydrothermally altered rocks et‘éhelcontact with
impermeable focks.are a prihehtarget in any eearch fer ore
e .
banded quartz should be a good indicator of high ore grade.

Additional  guides - afe higher strained areas, where a

~deformation event may have been super imposed ‘on crack-seal

vein growth and ore deposition,

bodies similar to the QFV. In this type of environment,
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CHAPTER 6
MINERALOGY AND GEOCHEMISTRY |
OF THE QUARTZ-=FUCHSITE VEIN

-

6.1. MINERALOGY | |
. The mineralogy of the dFV is dominated by quartz.
The remainder is composed of_chfomién~mus¢ovite,‘chlorite,
carbonates, and épaque minergls.uThé principal opagques are
gold, galena, altaite (bee), and melonite (NiTez)._Lgss
abundant \mineralg are tellurobismuth (Bi,Te,;), hessite
(AgéTe).‘pyrite and tourmaline. Inclusiens 5;‘ wall rock
e : D :

fragments, either slates or carbonatized komatiites are
A presen£ as déal.'

-

Multiple generations of milky, translucent to smoky
quartz form the bulk of the QFV. Vein quartz can be massive
_ " : _

-

or fractured and recrystallized. The latter texture is
evidéncé for deformaZEOn following precipltation of quartz.

The crystailograpﬁic'id?ntity of the chrome-bearing

_ muscovite was confirmed by its.XRD—pattern; Using the same
techniqu?, chlorite was fodhd to be clinoﬁhlore. Thin

éectién evidence.iindicétes that 'musc&@ite repiades‘both

chlorite and“wall rock carbonéteé.' The \hhrome—bearing
muscovite and ghlorite form.'the characﬁeristic baﬁ?ing of

the QFV. Thele bands gradé.locallylinto tabular wall rock

134 T
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inclusions. The banding in the western part of the ?e;n is

. due mainly to the chrome-bearing musqoeite;‘ whereas
chlorite is predominant in the eastern section of the.g;%n
(Fig. 5—1); The distri?ﬁtion of the phyllosilicates in the
vein is spat;ally assoeiated with the porphyries in an
enaiogous manner to the distribution of the chromian-
muascovite in the cafbonate wall.focks‘ which 15 localized
around the Q@orphyry lens. ‘To the ﬂwest where the peréhyry
lenses are more'prominent in the‘ zone of * carbonate rocké,
the banding is predominantly muscovite, whereas to the east
where porphyry bodies are ‘rarely encountered, muscdvite
becomes secondary to chlerite, and is sometimes completely
-absent in the banding. ﬁ{thin the banded zZones, quartz i$
tcommdnly recrystallized and fractured to some exteﬁt, while
pe;ts-of the vein lacking banding 'coqtain massive guartz,
Latter generations of undeformed quartzlveins géosscut tne
banding;w o C \ i
Galena )and gold are consistent_ly-( associated in the '

' QFV‘GPlate 6-1A); Often they are accompanieé by variable
~amounts of melonite and altaite (Plafe, 6-1B}ﬁ These
minerals afe ihtergrdze. ‘Smalll inclusions of ' altaite,
tellurobismuth, and hessite are found in galena. Another
OE‘ESE mineral -is oceasionally’found in_aseociation w;th
'J‘melonitg The minefal was too .small to _be adequetely

} determined by optical means. SEM analyses of thls mlneral_

| indicate the presence of Ni, Co, Fe, As,_ %nd S suggestlng

\/\_ S S i
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intermineral ' textures permit a temporal sequence of

_ 136
: _ : .
the presence of a sul farsenide (Plate '6-1B). No

e

deposition between opaque minerals to be determined. It is

assumed that these opaque minerals e coeval. Such age

similarity has also-been described for fhig gold deposits
in the Timmins area-(Hurst, 1935; Fergpnson et al., 1968).
The opaque minerals are f?und within Px ctures in quartz,
between guartz grains; and along the / andiné. The banding
is the prédominant- £éature of gold- saring areas in the
vein. Opaqué minerals are usually sent in areaé where
banding does not appear and only massive quafti*is;preéent.
The deformatlon sestained by the QFV precludes‘agy
detailed aiscussion of mingral paragentesis. In particular,
it is _not‘ possible td"aecide whether the ﬁain opaque
Q}herais, i.e. gold, galena, and telgﬁrides, have been
deposited‘ contemporaheouslyA with quartz, and ﬁe&haniéally
remobilized into fractﬁres and alongG grain bouﬁdaries
dufing_ 'recryétallization of qua;tz or if mineralf
precipitated in a given sequence. o 3
Late st;ée carbonates are present along fractures
in gquartz, and also fepléce qugrtzT-Bufile and tourmaline,

when occasionally preseht; are located within the banding.

Pyrite is poorly fepresented in the QFV. Cubic pyrite ﬁ;

either present between quartz grainé or_along the bandiné.'

!
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Plate G—IA;'Typical-gold—galéna association-in Mhe Quértzf

Fuchsite vein. o

. Gn: galena, Au: gold, ‘Al: altaite, Qz: d%ﬁ&tz,\

&

L\[ﬁw

& Plate 6-1B. Telluride~gold associatioh in the Quartz-
Fuchsite vein. - .-

- v . -

Bu: gold, Me} melonite, Al: altaite, ?;jénigmatic mineral
cften associated with melonite containing Ni, Fe, Co, &s
and S (SEM analyses).

A . 4

S
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Komatiite wall rock inclusions in the‘ QFV show the
same state of_alﬁeration as the unveined wall rock. This
suggests that carbonatization preceded quartz. veining.

Although‘nc exact ass-balance calculation can be

CS;e_amounts of quartz preeent in

made, the source of the la

the QFV can be speculated upon. In chépter' 4, it was

concluded . that the komatiites were depleted. in silica:

during the carbonatization event. The silica content of the

carbonate rocks .1is lower by about 10% with respect to

a major percentage of the quartz from the QFV is formed of

- silica of very local derivation,.that was removed from the

komatiltes during carbonatization. -

6.2. GEOCHEMISTRY

Chemical analyses of fuchsite and chlorite

separates are presented in table 6—1:“ The ﬁajor element

o

chemistry of chlorite from the QFV ‘'is compatible with

¢linochlore compasition (Deer et al.,. 1962). The higher

5105 value “of sample #12019G can be attributed to quartz

—

‘contamination. The chromidn-muscovite,’ referred to as

fuchsite, has Si0;, Al,03, Fey03, Mg0, Ca0, and LOI values

which Qeviate”frqm analysés of pure Ffuchsites (Whitmore et |

h ]

al.; 1946; Deer et’-al., 1962).~ This can be ascribed to
confamination from chlorite, qéaftz, or carbonates which

werekndt completely separated fr'om muscovite. The XRD-
3 R . . ’

) . Nﬁm 7 & Q

'»,___/

tiites (Table 4-2). Thus, it is entirely possible that
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10010C 13011 15003 17002C 10005D 120195 . 13003 120094  12024A  160OLF
Fuchsite Fuchsite Fuchsite Fuchsite Chlorite Chlorite Chlorite Chlorite Chlorite Chiorite

~ HEC _  HeC H&C ['aC HeC HEC Het L6 - LGC L6t
>

8102 36,56 3.2 30.72  41.25- ) ’ 30,90
.A1203 - 22,18 19.82  17.18 11,02 17.73
Fe203 2.21 .17  14.58  10.08 : 13.17

- Hgd " 2.76 .53 2.9 14.99 o ;:;4.17
Cad 1.78 5.32 0.08 306 . 0.25%
Na2D 1.0% - 018 1.06 0.39 . 607
K20 .44 5.29 0.06 0.09 ~ £0205 -
Tid2 0.28 0.42  "-0.60 - 0,20 0.22
¥nl 0.02 . 0.08 0.01 0.03 . 0,01
Piﬂﬁ ] 0.01" 0.04  <0.01 -0.03 ' ‘ €0.01
Cr203 0.01 1.03 0.99 1,18 117 7 0.94 0.96 1.15 0.3 0.79
Lot 6,72 19.12 11,55 12.34 10,69
fb , 54 226 152 . 195 . )

I . n 63 - ’ L34 ' 85 87 196

Y h 2t 542 389 225 38 13
RLU : 0.5 .
He 0.7 0.8 0.9 | 0.3 0.3 0.7 0.3 0?€ii
Cs 2.1 3.7 2.8 2.3 0.3 0.3 0.8 0.2 0.8 (1
Ta
Ni 928 2338 1488 1994 . 2402 1003 - 1542 2874 573 1670
Sc 4. +25 ] 14 10 3 mooou 37 1 U
§h’ 2.7 3.5 4,7 3.1 3 1.9 2.2 3.9 0.5 £.2

I . 3. g 5.03 1.0%

Table &6-1. Héjur ang race elexents of fuchsite and chlorite separates from the Quartz-Fuchsite vein,

Hajor eiements and Cr203 in utﬁi; Trace eleaents in ppm, excest Ir in ppb. :
HEC: area of high gold content. LGC : area of low gold content. -
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chlorite and muscovite separates.

pattern substantiate the presence of other(jphases in the

The Cr,03 proportion in muscovite separateg between

0.81 and_1.20 wt% confirms the desigatiqn‘of the gfeen mica

3]

in the QFV as fuchsite (Whitmore et al., 1949; Deer et al.,

1962).
Ni appears to be an uncommon constituent of

muscovites and chlorites (Deer ef alr}a 1962). Its

relatively high - content in both mineral separates might

indicate the presence of small melonite inclusions.

‘. Ir concentrations are high in both fpcpsife an
chlorite -separates (2.7-5.1 ppb). The controls on the
distributién of Ir in r forming minerals were discu;sed
in. chapter 4 (sectioz§k4—5). In the banéd g, Ir SHows

neither a weli—deiined affinity for Cr nor for- Ni (Fig. 4-

-

7}. This ralses the question whether the mineral phases

controlling the Cr. and ' Ni distribution in the banding,.

fuchsite and melonite, - respectively, incorporate Ir in

their lattice. It has been shown that Ir probably did not

substitute for Cr or Ni in the original rock-forming
minerals in  the wall rock. The associa€ion cf an
undetermined opaque phase_ﬁith .melonite is oftén observed
- in tﬁe banding (Plgte: 6-1B). Thé main dgﬁ;oﬁ;ﬁts -o£ this
‘enigmatic.minefal are Ni, - 66, Fe, As, and_S,&ahq.suggést
the;,ﬁrgéence of. a. sulfarsenide. As ;entione@ qbévé,

arsenides and sdl&grsenides act as majgf cOnbentrators of

)

s = /o

P
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PGE (Crocket, i981). For instance, the occurrence of Ir-
+arsenides within do—Ni sulfafsenides has been described in
?yseveral cases in nickel de dsite' from Finland (Hakli et
al., 1976) . -and Western Australia (Hudson, 1986) Thus, it

9

is suggested that Ir in the banding isl not controlled by

chlorite or fuchsite abundences,'but rather by the presence

of a sulfarsenide within or in close spatlal relationship

\

with melonite

In brief, the  development of fuchsite, melonite,
and probably an’ arsenide-sulfarsenide minerel in the
bandgg provide host phases for Cr, Ni, and Ir, elements
which are typical constituénts of ultramafic rocks, theJ
probable protolith of the carbonatized rocks hos*ing the

. QFV. K, Te, and As were introduced into the QFV, perhaps
-with the BAu- and Pb-bearing fluid Wall rock slivers ™

"méghanically i;Lorpoqated in the QFV during crack—seal
fincrements probably; reacted with the,hydrothermal flu;d
that precipitated+quartz and gold. As a'reﬁn%t, relativeiy
immobile elements from - the slivers (Cr, Ni, Ir) were

[T

combined with conetituehts of the hydrothermal fluid (x,°

N

phase This conclusion cogfriffi/y

‘(1979), who suggesteéd high mobilit1e§ of Cr and " Ni ik a
: . ¥ &
hydrothermal fluid'to ef%%eln their elevated conckntrations

in the banded quartz- fuch51te—tsﬁrmai}ne veins of the Dome _

Mine. It appears that fuchsite fin the banding of the QFV is ..

‘ - . B .
r ‘ ) .
N et - . a) o ) A \>‘)

Te, AéLc to precipitate fuch51te ,)melonite, and an Ir-rich

th that of Fryer et al,

\,
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genetically related to deposition of gold since both were

142

probably deposited in response to hydreulic fricturing and,

pressure drops during crack-seal vein growth However, the
capacity of. the hydrothermal}fluid to stabiliif fuchsite in

the QFV diminished as th&xdistance from the porphyries,.the

w

most probable source, increased.

The K/Rb ratio of fuchsite from the banding is low

»

(K/Rb = .205 - 228) with respect to- that of the wall rocks

(Filg. 4-2) and is characteristic of a 1late stage -,

hydrotherm fluid enriched in Rb (Armbrust and Gannicott,

C b

1978). It is very“mrobable that the fluld which deposited
fuchsite 1in . the 'ca bonate rocks in proximity to the

porphyry lens, became enriched in Rb with respect 'to K.

Further interaction with ' the slates ‘decreased the K/Rb

ratio of the £fluid even more. 'The remaining Efuid,‘which

reacted with‘.slivefs of wall rock during the crack—seal

ﬁydraulic fracturing stages, was probably highly enriched

- ;n'Rb reldtive to K. It isrposslble that X and Rb, which
//’Ge}e‘added to tﬁe QFV,eare derived ffom allocal'souroe,
namely the .adjaceot 'sletes,. and mgge importantly the
(:> porphyries For instance, McAuley (1983) suggested that‘the
Prei:on porphyry and small lenses_are relatively depleted

"in Rb and'K-with'respect to normal intrusives.

- Determination of REE in the banding was attempted.
4. a

L/ ‘However, LREE were, commeonly below detectlon limits, and:

reproducibility was poor. ”‘?”? 4

LY
.
>

o
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6.3. CONCLUSIONS - ~

Wall rock selvages indorporated  in the QFV duriné
crack-seal episodee \of' veln growth: prpbably reacted with

\\_the hydrothermai fluid that Pprecipitated gold and quartz.

[ »

JRelatively immobile elements fromythe wall rock sliuers, in
particular Cr, Ni, and Irv,’ uere combined -with ore- fluid

-

components, in particular K, Te, and As, to form fuchs site,
cmelonitef and ‘an Ir-carrier- (probably a sulfarsenide;.d&

“ “%/Rb ratio of fuchéite Erom the- banding
suggeststtﬁht“ the fluid, which deposited thé Cr~musc0v¢te,
is the sdme fluid which previogsly interacted with the
carbonate host rock. and the slates As concluded in chapter

-4, this fluid yas driuen ocut of the porphyry lens towards

the slate —carbonate rock contaqt
/

Many of the components pﬁesent in the QFV probably
have a local source dé » Ni, and Ir are original components
of the slivers that Were isolated from the host rock duriqg

¥

hydraulic fracturing. K and Rb could be derived from the

porphyries to a large extent, and from the adjaced@ slates

g

4

Silica was possibly largely derived’ .from  the host
komatiites during'barbonatization R | ..
Like the distribution of fuchsite in the carbonate
rocks, fuchsite a?undance in the QFV is a . fu ctiOn‘Qf the -
proximity of ghe gold—bearing ‘véin to po phyrflbodiee,

- Fuchsite is prﬁbably genetically Trelated to  depdsition of

~r
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gold in the QFV, but its presence is spatially cdntrolled
by pofphyries.Carbonatization of the ,wall rock predates
duartz veining. - ‘ é@

-~
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CHAéTER 7
FLUID INCLUSIONS -

7.1. INTRODUCTION

Fluid inclusion (FI) microthermometry is a direct

‘ method of studying the physical and chemical environment o& %

\u?

ol

‘mineral formation. FI studies can provide information about

. temperature,“pressure, density;' and composition‘—of*the

fluigd’ from whic?v¢he host mineral was precipitated (primary'

*FI), orr that migrated through the mineral after \its
prgoipitation (secondary FI). Microthermometric studies may

also.prouide evidence for_ mixing or unmixing of fluids,

which may promote ore deposition. -Fundamentals on FI

studies can be found in Hollister and Crawford (1981) and
Roedder (1984). FI microthermometry was applied to, quartz
samples from the QFv to characterize the nature of the ore-~

bearing fluid,.and the processes of ore’ deposition.'

7.2. REVIEW OF PREVIOUS FLUID INCLUSION_STUDIES

IN ARCHEAN LODE GOLD DEPOSITS

Recent microthermometric studies by Smith et al.

. (1984), LaKind (1984), Ho et al. (1985), Santosh (1986),

Wood et al. (19852), and Robert and Kelly (1987) indicate:

145

- p
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that the predom naﬁt components of fluids assoclated with
‘Archean gold mineralization are sz and CO,. Salinities are
usdally low, betﬁe n less than 2 up to 12 equivaient NaCl
wt % . FIs are either .primary or secondary. Inclqsibhs can

. v .
be Hy0-tich, COy-rich, or mixtures of H,0 and COy. Unmixing

of a parent Hp0-CO,\ fluid into a low-salinity aqueous’

liquid, and a Coz-rich vapor 1s often recognized. CHy is
‘occasionally -associatld’ with Cdé. Homogenization
temﬁeratures.rahge betwedn 1500 and 400°C. Robert and Kelly
(1987) _rgpofted_ very g&l;né FIs with 25 to 34 wt% salt
coexlsting with COz;rich .inclusions in gold~bearing‘

fractures. Leachate analyses of FIs by Ho et al. (1985) for ¢
deposits'from Western Australia, and ﬁy Robert.and Keily )
(1987) for the Sigma Mine, Québec, show that Na ié the main
'ﬁatign in these fluids, accompahied by wvariable amounts of
K and Ca, and to a lesser extent bj Mg and Fe._Gas‘"
Ehromatography analyses‘of Fis from the Sigma Mine, Québec

(Robert and Kelly, 1987) ,indicate kthaé the Pfincipali

gaéeous components are Hzo.and'coz, and to' a lesser extent
CHg. €O and N, were found to be. ﬁrésent in very low .
~abundances (less than 1 mole %). More importantly for fhe
current study, in the 'Timmins area, Smith et al. (1984) and
Spooner et al. (1987) found that Hy,0, CO,, and occasionally
CHy, aré the most abundant specibs .in the -McIntyre—-
Hollinger mine.“czng, co, Ny, NO, and NO, were also

recognized, although in minor éoncentrations.
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It appears that most microthermometric FI data from
Archean lode gold deposits ceg be adequately interpreted in
éhe quaternary COé-¢H4~NaCl-H20 system (Ramboz, 1980).
Sinte CO; has a low solubiliiy in HZO at low temperatures
(< 50°C), and CH; and salts are strongly partitioned in CO,
and H,0, respectively, phase changes occurring- in FIs at
temberatures below 500C are adeguateiyﬁinterpreted with
respect to the much esimpler Ha0-CO3, CO5-CHg, NaCl-H,0-
CO,. ang Ha0-C0O,~CH, systems. A good and concise review of
. these systehs can be found in Holliste:'and Burruss (1976),
and a’ more detailed discussion in Burruss (1981),.Crawfofd
(198la), and Roedder (1984, chap. 8). The CO,-CHg-H,0-NaCl
-systes has yet not been established to interpret
quantitatively bulk hgmogenizetign‘phenomena of saiipe and
CHq-rich H20-C02' solulions. However, experimental.data and
thermodynamic celculations are available for the H,0-NaCl-
Co, system at high tempergtures (Takenouchi and Kennedy,
1965 Hendel and Hollister, . 1981; Hollister, 1981;
Hollqway; 1381; Bowers and Helgeson, 1983a) (Fig. '7-1).
-Although the effects of CHy on the HZO-NaCI—Coz sysfem have
not been experimentally studied, it is generally suggested
-that due toc complete mlsc1bllity of CHg in CO,, addltlon
of CH4 to an H20~NaC1—C02 solution will .not significantly
. change the shape'of that system (Hollister,11981; Pichavant
et al.. 1982; Ramboz et al., 1982). Horeover, Hollister and

Burruss . (1976) suggested that addltlon of CH, to the HoO-

i

LS
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Figure 7-1A. Data on the effect of NaCl on the position of
the Hy0-CO5 solvus (From Hollister, 1981), \
Pressure conditions: 1 kb. Numbers are NaCl wt % in the
aqueous  solution. XCOy: mole £raction of C0, in the -
aqueous solution. The two phase region ‘lies on" the low
temperature side of a given curve. Note how addition of
NaCl to the pure Hy,0-CO, system widens the zone of
immiscibility of such a solution. '

!

Figure . 7-1B. Pressure-temperature sections through the
immiscibility volume in the H,0-NaCl-CO, system (From
Holloway, 1981). 4

The two phase region lies to the lelft of a given curve.
The curves are (in mole %): . . “
a: 96.0 H,0, 4.0 CO,, 0.0 NaCl. N

b: 94.1 Ho,0, 4.0 CO5, 1.9 .NaCl,

c: 91.5 H20,35.7 CO,, 1.8 NaCl.

d: 88.6 Hy0, '$.7°C03, 1.7 NaCl.

f.



148

- T°C
500—

400}
300

- 200




149
SN

NaCl-CO, system might raise its solvus

¢ higher
temperatures, and the miscibility gap of that gystem might

therefore be widened. Thus, it appears that eyen 1if CHy is
present in relatively high concentraf&ons,-the diagreﬁe
presented in figure 7-1 remaio valid to explain at'least'
qualitatively homogenization phenomena of low salinity Cﬁq—
ricﬁ HSO-COZ fluids. The important observation to make
about the diaoreos in figure 7-1 is that éhe low salinity"
Hz0-Cc0, fluids commonly described in Archean . lode gold
deposits are * particularly. sensitive to pressure ‘and
temperaturé’variations in the 2000 to' 400°C temperature
range and at. pressures below 1 kb Drops in temperature or
pressure mlght promote unmixing of an . aqueous fluid of
.moderate salinity and COz content into a liquid with higher .
salinlty_and lower Co, coptent, and a vapor with lower
salinity’ and higher coé content iRamboz et ai , 1982),

During unmixlng of an HZO—NaC1—C02 fluid, NaCl fractionates
strongly into the HyoO-rich liguid phase which results in a
»“higherd salinity 1liquid (Bowers and Heigeson, 1983b),
whereas COZ (and other volatiles such es CHy, HZSQ No,
etc.) are strongly partitioned ioto the vapor phase (Ramboz_.
et al., 1982; Drummond and Ohmoto, 1985). Loss of CO, from
the parent fluid to' the vapor phase' hae‘ the effect of
.increasing tﬁe pH of the £luid while partit;oning of

‘reduced gases such as CHy and H,5 into the vapor phase
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Increases the oxygen fugacity (£0,5) of the remaining liquid

(Drummond and Ohmoto, 1985},

7.3. 0 0 TIO N ' NCLUSTIONS |
‘ In chepter 5, it was concluded that . the bulk of
guartz and gold were deposited,<inﬁ\the‘QFV before the
1atter underwent a severe compressional deformation event,

Therefore, any FIs related to the mineralization event must
have been affected by the same deformation episode A brief
‘review of the effects of changes in pressure-tempereture
conditions, deformation and recrystallization on inclusions

r .
is necessary to | interpret FIs from\\the QFv, ‘and their

: microthermometric data correctly ﬁfl
Kerrich® (1976), and Wilkins and Bargas. (1978)

recognized that deformation and recrystallization of quartz
grains may 1ead to significant-modifications of FI. These
chenges are :
li A decrease in the number of primary FIs.
2) FIs .in strained erees tend to be smailer in size
(predominantly 1less than 2 um), than primary FIs in-
undeformed domains. | .
Sf A shift towards higher homogenization temperatures-in
deformed grains attributed to leakage of inclueionsl
4) A more variable ‘distribution . of homogenization

temperatures.



- 15i
5) A clearing of FIs‘from the 1nﬁerior' of quartz grains
("sweeping out"), Boundaries of_newly'recrystallized grains'
are often outlined b§ these expelled FIs.

In microthermometric’studies of Ffs, it is,commoniy
"assumed that the composition and the density of the fluia
has not been altered since it has’ been trapped (Hollister.’
1981). However, Pécher (1981) noted that densities of FIs,
. that are dependent on the pressure and the'temperature of‘-
- trapping, often disagree with pressure;temperature couples
dedueed by lother geological means. Thus, it.raiaes the -
qﬁestion of density c?nstaney in'FIsl Pécher and Boullier
(1984) have experiﬁentally demonstrated that shape and
density ofrFIs;are:‘changed under canfinidg {experimental)
pressure. Their main findinés are : -

1) At a given temperature, when confining pressure is lower
tﬁan the pressure of the fluid inside the inelusion, Fls
eith:r decrepitate or their shape .changes considerably
(e.g. necking down). - Homogenizatioa: temperatures of
decrepitated or pewlyl formed FIs are higher, and very.
Qispersed rélatlve§lc initial homogenization temperatures
of primary FIs. ﬁomogenization temperatures of FIs that .
only changed  in shape 'are'still highly clustered, albeit
. higherrfthan @he homogenization temperature of 1nc1u51ons
" measured. priorlto running the experiment

2) At a glvea temperature, when confining pressure 1is
higher‘ than éthe internal pressure of the FI, only

A &5,
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modifications of shape and densities were recorded.

Hoﬁogenization temperatures were \shffted‘ towards ‘lower

values after experiméntal runs.

The chaﬂée‘of FI shapg;-iﬁ the absence of'decrep;tatioﬁ, is
attributed to ?hg,mechanism of pressure-solution (G;atler,
1982). However, this is not accompanied by a signifagantf
modificatiog'df the 1nc1usién ‘volume. According to Pééﬁer
and -Boullier (1584), - variation | in * homogenization
temperatureg, hence of densities, requireslthat diffﬁsidﬁl
of components such as OH and. "Si takes place. This process

is - poorly. - understood and remains controvérsial.

Nevertheless, the experiments of Pécher and Boullier (198

show ‘that,  under stfess, dénsities or homoééhizatidn

temperatures can be progressively 'modified towards higher

or lower values. N

| rLeroy (1979) -pdinted out that decrepitation of FIs
ié a function of the nature of the fluid, of the size and
the shape of the inclusion, and of the degree of fracturing
of the .host- minéral.l Leroy  (1979)  experimentally
demonstrated that 'small inclusions are able to sustain a

larger difference: between confining and internal pressures

- than larger inclusions. -

These observations indicate that FIs can survive
deformatiqn and may still'Be suitable for microthermometric
investigations. Nevertheless, care has to be G3ken in.tha

selection of a particular inclusion for microthermometric

- -



153
runekrqu 1n§tan¢e, incluslons heve to be carefully checked
for absence of necking down, decrepitation, orf&eakage.
;especiaily iﬁ' fheicase of larger inclusions. Slze of Fls
can be ekpected to be small. The data obtained in “such a
centext should be taken with caution, in so far that

temperature and composition might have been altered to a

certain extent 'These points are pertinent to the case of

the QFvV. |

.l 'Tj .
7.4. NATURE AND OCCURRENCE QF FLUID INCLUSIONS
. UART? VE .

‘Host of the FIs were too small (less than 2 um) to
be _adequately‘ studied with the heating-freezing staée at.
the maximum magnification of 480 times. Small FIs (less
then 2um) are 'predoqiﬂantly present in healed fractures

crosscuttingé&arge and felatively unstrained quartz grains,

or .were found to cutline newly recrystallized quartz grains

(Plate 7-1A).
FIs 1large enough -to»r permit microthermometric
studies (between 2 and 10 pm) are located in large quartz

grains showing little or no recrystallization or

,defopmafion effects. Besides some low temperature and high_

salinity FIs (see below), large FIs have never been
observed to crosscut- recrystallized quartz grain-
boundaries. In particular, these types of FIs "disappear"

at the contact with recrystallized quartz (Plate 7-1B).
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Plate  7-1A. Effects of qég;:;' recrystallization and

deformation on fluid inclusions.

a: shall'fluid inclusions ouflining recrystallized quartz.

b: unstrained quartz with relatively larger agueous— _

carbonaceous fluid inclusions than in a.

+ 'Recrystallization of quartz results in clearing off of

fluid inclusions from quartz - grains.. Note how f£luid
_inclusions from area b "disappear” in proximity to the
area of recrystallized quartz.

Plate 7-1B. begfgiggjfal felationshiﬁ -between fluid
ineluasions. . ‘

a: trail of late stage saline agueous inclusions (ﬁzo— :

salts) homogenizing between 1109 and 1500C.
‘b cluster of early CO,-CHy inclusions.

The C02-CH4 inclusions from an earlier aqueous—m

carbonaceous hydrothermal fluid stage are crosscut by the
later stage lower temperature saline aqueous inclusions.

¢

v
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No. primary inclusions  were recognized. "All
inclusions seem to be secondary; that is, they were fpfmed
after thelir hosp quartz was preeipitated. There are many

.FIe' with  variable ‘degrees of £11ling. This can be
‘attributed to necking‘ doqp‘ of older FIs in some cases,
Inciusions for which neekipg down was recognized were not
' examined in heating and freezing_runs. ﬁq differenee in FI
_ EOmposition was - oﬁserved between barren and ofe zones of
the QFV. R | o .

' Four main fypes of TFIs were recognized in querti‘ ’
from the QFV. These are .
1) Aqueous COy- and CHg-bearing 1nc1usions (HZO—C02—CH4).
2) CO0- and CHj-rich inclusions (COZ-CH4),
3) low‘salinity aqueous inclusions (H,0-NaCl),
4) high salinity aqueouS'inclusions (HZO-Saiée).

All inclusions oceur . in trails.*IleuSions of type

-1 and-- 2 occur in clusters as eell. Hige‘salin;ty'aqueous
~inclusions (type 4) are the oniy ones §;ich were found eo
crosscut quartz sub-grain boundaries. Tybé 4 inclusions
alse crosscut CO5- and CHy-rich ;;clusions (Type 2) (Plate,
7-1B). Each single type appears to have 51m11ar degrees of
filling. Usually, only one type of FI occurs in a given"
&clgster or " along a given trail. An”exception is & f£ifth
" type of inclusions ﬁith_nvariable" degrees aof filiing and
composltions whlch shocwed no petrograpﬁic7 evidences oﬁ

necking down.
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Aqueous CO5- and CHi-bearing inclusions (Type 1)

display_negativeaqrystal to subro:nded shapes. Low salinity

inclusioné (Type 3) also display equant shapes, but tend to

be more“ irregular, subrounded, and ellkpsoidal.‘toz; and .

CHg-rich inclusions {Type -2} are commonly 1rregu1ar and

subrounded,‘ wheréés Fne‘ high salinity aqueous 1nc1usions
(Type 4) were found to be more angular 1nb§hape.

No solid phases were observed in. any of the FI

types. All inclusions contain twol‘phnses at room

temperature including an inner vapor bubble. :which is

‘rimmed by a liquid- phase.

7.5, FLULD INCLUSION MICROTHERMOMETRY
7.5.1. Ixu__w zww
{H70-C05-CHy) _ _

An additional third phase appears .in the;}nner‘
bubble on'couling,lThe entire FI is.frozen at approximntely
-1000C. On _heating,'four successive stages %f melting or
homogenization cnn'be observed:(Fig.‘7—2A)._ Mélting of CO,,
takes place between -63.99 and —GthOC. Homogenlzation Of
CO, to the liguid phase occurs between:-10.50 and -5.60C,
- Melting of n further>phasells recognized between +9.6° and
+12.80c,:and inéicntes_the.nresené; of-a_éiathraté hydrate.
Tne fnclusions often decrenitated 'béfore homogenization
canbe'reached Howevef;\ homogenlzatlon tenperatu}es were

\
obtalned for three FIs at +344°C te the liquid, and at

-
e
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-+37%.7°“and +406.5°C to .the vapor. No melting of ice could
be observed in these FIs.
Tte presepce'of CHy is suspected because :
1) The melting temperature of CO, is shifted. from -56.60C

£

2) The homogenization temperatufe of .COZ is also

towards lower temperatures.

“anomaiously low. | ‘ ‘ L

' 3) Meiting_of ciathrate occurs'pﬂedominantly'gbove +106C.

h Addittonlof CHy to CO, is known to lawer both
meltiug' aud homogenizatien temperatufes of the latter;
Increasiug CH# conteet'in‘ the QOZ—HZO system shifts the
melting temﬁerature df‘the.ciathfete_hydrate'tewetds_highef
temperatures.(Hollieter aqd'Burfuss, 1576; ?u;ruse, 1981;

Roedder, 198@,' chap 8). Cozrfin these iuclusions must -
(contain a high proportion of CHy, up to 25 to 30 moleﬁgi
according to either figure 3.10 in Burruss (1981 p.55), or
figure 2 in Heyen et al. (1982, p. 205), or flgure 236.5 in
ASpooner~et al (1987 p. 43). Non-detection of ice melting,
and the counteracting effects of salt and CH,; 'on clathrate
melting preclude any measurement of salinity in these Fils
(Hollister ‘and Bur%uegkf19§6;*Collin$,‘1979).

7.5.2. Iype 2: g 2-.and CHq—glch 1nc1u51nns (CO5=CHg)
) ‘Due to strong inte(;al reﬁlectlons, this type of

“inclusion appears to be vetry dark at room temperature, and

thus is easily distinguished_ from the other types of FIs
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(Fig. 7-2B). Melting temperatures of C0, range between
~67.00 and&~62.4°é, and homogenization temperatures between -
-82.6° and -12.50C (Fig. 7-2B). No melting of ice or
clathrate was observed. An outer rim of liquid (H,0 ?) ‘is
suspected in some cases, where a meﬁiscusrcan be observed
at sharpﬂedges. Accarding to figures 3.10 in Burruss (1981,
p.55), 2 in Heyen et al. (1982, p.205), and 236.5 in
.Spooner et al. (1987, p.43), CO0p must cbntain more than ad

mole % CHZ, and maybe as much as ‘50 mole %

7.5.3.:Type 3: low salinity agueous inclusions (Hp0-NaCl)
o ﬂeltlng femperatureS"of ice_range between -12.20
and f2.70C for this.tjge of FI (Fig. 7-2C). No ﬁelting was
detected below about -200C.  This suggests that the main
dissolved salf—spécies*is_ﬂgCl, although the présénce of
KC1 cannot be ruled out (Crawford;_1981a, table 4.1,
p.83). Using thé method of Potter eﬁl al. (1878)., the
range of melting tempera#ures of ice corresponds to 4.5 to
16.2 equivalent NaCl wt% . Besides salts, dissolved.wcoz in
the liquid éhase co&lﬁ be ancther componeﬁf fhat caﬂ
dépress' the freezing point of HoO (Collins, 1979;
Hedenquist and Henlgy,.iSBS). However, owiqg to the small
siie of the indlﬁéions, the p;;Sende qf CO, could not be

detected. Homogenijzation temperatures clustér tightly

between +260° and +3000C, with two 1inclusions yielding-



160
temperatures between 1900 and +210°C (Fig. 7-2C).
Homogenizatioﬁ is to the liquid, |

-Helting of ice at temperatufés above 00C is one
' prpblem that wa; often encountered with this type of FI
(Fig. 7-2C). In these inclus;ohs, fhe vapor bubble #aﬁ
eliﬁihatéd on"freezing.,It reappeared suddenly on heating,
at a temperature abqve 09C, together with almost
1hstan£aneous melting of‘ice. Melting femperafures were nﬁt
reproducibie for a given ihclugion. This " type of phendmena
‘can be attributed to metastable 1liquids in stretched
uinclusions (Roedder, 1984, p.298-299), It preclgﬂed'the
measﬁrement of reliable microthermometric data for tﬁése
;particulat incldéions.l

—

7.5.4. Type 4: high salinity adueous inclusions

(H>0=-Salts)
This type of FI can be differentiated from the

former type by ice  melting and bulk homogenization
temperatﬁres. Mglting of ice starts below -350C, and £inal
' melting takes place between -24.40 and -13.60C (Fig. 7-2D).
According tb Crawforad (1581a,‘ table 4.1, p.83),\this type
of behavior indicates that the major dissolved salts are
‘Nagl and CaCl,, although.the presence of such components aé
MgCl, or . KC1 cannot be edcluded. .No solid phases were
observed above melting tempergtures~ of ice. Homogenization.

temperatqres " ¢luster between . +110.99 and +144.4°C.
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‘Homogenization is to the liquid. No CO, or CHg could be
detected. '

' 7.6. INTERPRETATION AND: DISCUSSION
7.6.1. bnomalouslv high CHs_content in €O, ’ -

High abundances of CHy and C02 aré incompatible in
the same £fluid. Either COp-rich aqueous fluids or CHa-rich
aqueoﬁs fluids can be stable in‘equilibriﬁm with graphite
(Hﬁlloway, 1984; Lamb and Vglley, 1985; Kreulen,-1987).
Thus,qihe high mole pefgentage of CHq in type 1 and type 2
indlusions seems . to be ?;nomalbus. According to Kreulen
(1987) several ‘possibilities may account: for such a
discrepancy :

1) Reactions betﬁeen gas .%pecigs_ within the inclusions
might lead to modifications of the origiﬁal composition.
Tﬁis”;eems to be possible only in the présence of graphite
(Dubessy, .1984). No graph;te was detécted by mic;oscopiéc
means in the inclusions unde% .study. CHqy might also be
proddced by‘ feaction.rbetween €0, and NH5. However, tﬁe
resulting N, would h;be to be a dominant species in the
inclusion. This seems unlikely, 4in so far as .Nz was not
found to be a .dominant species in the nearby McIntyre-
Hollinger Mine (Smith et al., 1984; Spocner et al., 1987).
2) Tﬁe fluids hiéht havenbeen iq disequilibrium at the time
© of trapping. In other words, evsn if graphite was present

in the rocks, the hydrothermal fluid might not have been in
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equilibrium with it. H,0 and CO, seem to be the predominant

'species in ore-bearing fluids associated with Archean lode

gold deposits (see section 7.2.). CHy appears to be
insignificant in most cases. Therefore, it is possible that
the original fluid which®came into the QFV environment. was

mainly-a COp-Hy0 mixture, and that CH4q came from another

e

source. The mosﬂ. obvious‘ source for such CHy is the
adjacent slates (Fig. 5-1). Iﬁ chapter 4, it was shown that
ﬁhe hydrothermal £luid which carbonatized the host
komatiites came into contact with the slates, and that it
leached out suchféiements'as K, Rb, Cs, and Ba. Thus, the
original H,0-CO, £luid might have been feduced auring_
interaction with the slates. According to Kreulen (1957),
graphite could' fail to nucleate for kinetic reasons.. CHy-

rich FIs 1in . Archean 1lode gold deposits’ seem  to be,
predomihantlg encountered where carbonaceous sediments are
present iﬁ the immediaté ;re environment (Ho et a1i<‘1985;q
Spoonér et al., 1987). |

3) The real H,0 content might be higher tﬁén estimated by
micrq;copic observations. HqO brefefentially wets the walls
of FIQ. For.instance according to Kreulen (1987); more than
65.to]85 mole % of H0 would have to be present to be
detect%d in a 10 .um spherical inclusion. With_tﬁe small
size o% the inclusions present in the QFV, this might be
one'ofl the main problems for the dark - COy- and CHgq-rich

inclusions (Plate 7-2B).
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4) Hydrogen might have diffused out of the inclusions. Thls

would result into a shift towards highe:'COZ‘c ent.

5) Hy0 might have been 1lost after.trdpping. This is a
process which is not fully underétood, although
experimental studies have shown that Hy0 can .diffuse
th}ough-quartz. Kfeulen (1987) suggests that deformatlon
might‘ remove H,0 from the inclusion as the host mineral
recrystalliées, whereas other components stay behind. As we |
have seen above (see section 7.3.), the same reasoﬁ has
Eeen invoked by Pécher and Boullier +«(1984) to explain
- changes cf'homggenization'temperatunes of inclusions, after
they had undergone deformation.

- In summary, fouf ouf ‘of the £five possibilities
discussed by kréulen (1987) can e;plain the apparent
presence of high CHy aﬁd high CO4 conceptrations in the,
same inclusions. Large amounts ©f Hy0 could easily go
unnoticed in  the small  inclusions available. The’
deformation event dthat affected the QFV and its FIs, might
have promdtéd diffusion'éf water and/of hydrogen through
the quarfz " host resulting in * an .altératioﬁ‘ of the.
originally trapped fluid. Finaiiy, interacfion of aL,HéO-.
CO, fluid with the slates could have resulted in production

of CHg. The iate: possibility seems to be the most likely

by analogy to other Archean lode gold deposits.

‘szﬁx
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7.6.2. Chronological seguence

i Type 1, 2, apd '3 inclusions are commonly found in
Blarge and relatively unstrained quartz grains. They nevef
crosscut recrystallize&- guartz gréins (Plgté 7-1A) wherea

type 4 inclusions (high sal;nity, low temperaturl
inclusions) are found to crosscut recrystal}ized quartz
gralins and FIs of type 2 (Plate 7-1B). Thus, it appears
thét two main hydrothermai stages were recorded in the.QFV:f
. lf ‘ An early, probably hiéh temperature,‘ ‘aqueous _
carbogﬁéeous. stage represented by type- 1, 2, and 3 1“

;nclusions.which'predate recrygtallizatiqn of quartz. ‘

..2)‘ A later, 1low 'temperature ‘and high salinity stage,
représehted by  type q 'anluéion#, which‘ postdates
recrystallization of qﬁar;z. This stage is certainly
_unrelated to gold mineraliiation,'since ore formation tock
place beforerdéfdrmation,‘ |

~No age. relationships could be obéer;ed{between Fls
of type 1, 2, andl3.
;

7.6.3. Fluid immiscibility

Inclusions with variable degrees of —filling'may

/

coexist in a given fracture or clusté:.'Composition of .
these inclusions aré Qariable - (Fig. 7—3),' but show many

similarities to the carbonaceous aﬁd agueous  inclusions of

typé 1, 2, and 3 (Figs. 7-2A, B{ and C). These similarities

afe - e A

oA

-
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1) Melting temperature of CO, clusters around -630C, '
2) Homogénizaﬁlon temperatures of C02,var§ between -420 and

=590C.

3) Low salinities between 4.5 and 8.7‘équivalent NaCl wt%

pe—I

Melting temperaturés of ice’ clﬁster around -QOC (6.4
equivalent NaCl wt%). :

4) Melting tempergtufes of clathrate are above +100C,
clustering around +13°C. | '

5) Bulk hﬁmogenization is~ éorthe liquid andnto.thE'vapor;
mainly between +2000 and +4009C. | o
| Suach .heterqgeneous fluid . indicates either the
presence of an iﬁmiscible fluid in the QFV, grlthat neckiﬁg
down took place (Ramboz e£ al., .1982), Necking dpwn of_
inclusions.certainly took place in some areés of the.QFV,

features suggest that these heterogeneou represent

especially where strain§§;§§/{conéentrated But several
(7

unmixing of a hydrothermai:fluian:”

1) No necking down could be recognized during miqroscopic

obsefvation;% In particular, the sample'studied in detail

in figure 7-3 comes from a zone Gf maSsive and féiatively

unstrained quartz from the QFV. -

2) Simuitaneous trapping of -all inclusiqns took placé,

since they are found in the same cluster and trails.

- 3) Highly variable degrees g% f£illing.



‘ . : *pinb1y ay3 o3 uoijezrusBomoy >[ng s1ee [ejuoziaoy

a3 moraq sjuted ejqeg -uodea eyy o3 Uorjezruabowoy sing :sixe [ejuozidoy ayj asoqe sjutod ejeq .

: - -uotrjezruabowoy

1821310 y3tm uorsniout isasenbs payojey -uorjeziusBowoy auojaq pajejtdaiosp yotUm uorsniout

:sauenbs oelg *a.mjedssdway uorjeziuabouoy Mqing Y] -ajenpIRld 4O mL:AMLmaauuLmeu-ma gw) -321 jo
aunjedadway Burjjew :pw) -zgg 40 a.njedadual uorjeziusBowoy :2pJyl ‘200 40 sunjeusdwai Burjrev :zgawy

*Butdde.y srosusbouazay Butmoys ‘suotsniour 4o Ja3sno 04 ejep ouLuuemeLNLAOLUm: ‘e-2 a.nbryg



v

166

. g g ,
6l=u |, n=u |,
. ainor1 ¥ , L, .
- [} _
[Jo) o0gp+ o056+ 2 o o 74 otr ge 2 [Tl 1
[1 {, L1 1 S D T A
j t — LI L __._ I U . H N—v Q- N—.l
4l 00> o052+  oozr |z WL _Jl_l_l_ |, Tul
T #n0dvA | i’ . . ¥
[0l - o N 0z~ e~ . . 0% ¢ [0l 85- 09- 2,
o5, = e e g
02y LB—; =i S B
. 7
€=u ¢
, -8 =y
:la
) . Sju3wainseaw
Z . 40 Jaguny

Lo

gL=u

|

siuswasnsesw

Jo Jaquny

=8

™



¥ 167

4) Scattered temperatures*néf homogenization and hence

variable densities. Low density FIs that homogenize to the
vapor are aresent together with high denSLty Fis that
homogenize to the liquid.

5) Hdmcgehization temperatuyes to ., the - vapor are

sygtemetiqally higher than homogenization temperatures to

the liqu;d.‘ This 1is due to trapping of a f11m of fluld ‘

around the vapor ‘bubble' in* the ' low density inclusions‘

St

(Ramboz et al., 1982).

' 6) Vadorfrieh‘ inclusions, that are type 2 (C02-9i§9 and

CHqﬂrich inclusions) are found ;h the absence.of any liéuid

inclusions in _single frectures. A fracture centaipinglall

%

vapor-rich inclugioné could not result £from hecking down

alone.

:This evidence for unmixing of 5 carbonaceous.and
aqueous fluid suggests that type 1, 2.-and 3 1nc1u510ns are
related to “each other. Thék\apor -and 11qu1d represented by
FIs of type 2 (COp~CHg)  and  type 3'V(H20—NaC1),
respectively, could be the resultpof unmixing ot the fluid

e

‘contained in type 1 inclusion (HéO—COZ—CHq). The

heterogeneous fluid, whose m%crothermometric‘ data is-

displayed in figure _7-3, woQld represent the transition

stage -between the primary f£luid (Type 1 FIs), and the
uhmixed vapor (Type 2 FIs) and liquid (Type 3 FIs)., The

coetxstence 1n the QFV of 1nclusions contalnlng the initial

+ £luid before unmiglng (Type\_1), the 1liguid and the.vapor '

[

(
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g ,
after phage ' separation (Types 2 and '3), and the
heterogeneous fluid, suggests that ‘intermittent unmixing of-
an Hp0-CO, 'fluid took place in the QFV. As shdwn in figure
9—1, such unmixing wmay be due' to pressure and/or

-
temperature fluctuations back and forth through the solwvus

"0f such a fluid.

-

The strong partitioning of CH,4 for the vapor during

unmixing is well 1llustrated in the cas of the'

'microthermometric dath from the QFV. The increasC&g content

of CH4 in C02 with unmixing is shown by t-e»positive

correlation between the homogenizatisén temperature of CO,

and the melting tenperature of COz, and the negative

-

correlation DBetween clathrate melting and the -melting:
temperature of CO, (Fig. 7-4). Highér CHy|content in'CO,
ldads to lower meltiﬂﬁ_}and’gzmogenizatidn temperatures of

05, and.- to clathrate melting at higher temperatures

(Hollister and Burruss, 1976, Burruss, 1981, Roedder, 198¢/’

chap. 8) It is unlikely that deformation of the FIs would

r

‘mlmlc an identical evolution trend as that displgyed in

figure 7-3.

%2

1
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7.6.4. Pre - tu hdit £

Since  fluid unmixing took place, temperature

conditions at trapping can be deduced from homogenization
. temperatures - of the aqueous—carbonacequs FIs. Two fluids

. which are formed by phase separation of a common parent

: fluid at a given‘“tempefature,‘ and which are trapped_-

simultaneously in separq;f inclusions 'gust homogenize to
_ W .
the same temperature of entrapment on heating. Thus, bulk

homoggg}zation4temperatuf35\obtqined from microthermometric

studies of these FIs eQuals the trapping temperature of the

hxdrdthermal fluid (Pichavant et aiﬁ, 1982; Ramboz et al.,
/ 4

{982; Roedder, 1984, chap. 9). In the case of the QFV, the

. two immiscible‘phases that resulted from unmixing are

type 2. FiIs (COp-CH4) - ardd type 3 FlIs (HZOHNaCI). The most
. reliable ‘trapping temperature is obtained - from the

~_inclusions homogenizing to the 1liquid that are type 3 FlIs .

\EHZO—NQCI)'(Fig} 7-2C), and whi iqdicéte that entrapment

4

of -the  aqueous-carbonaceous’ fluld = took place during'

episcdesdof unmixing around 2809C..  The inclusions that

trapped the - heterogeneous_fluid (Fig. 7-3) can be used as

* an additional ihdicato;‘of the temperature "of entrapment.

~

This'heterogeneous' £luid was trapped at the instant when
liéuid and'vapor were runmii:ing from a parent fluid. Only

the hamogenliation temperatures to the liquid should be

considered, since trapping of a thin £ilm around a vapor

. bubble can result in! anomalbdsly high bulk homogehizatiqn
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temperature to the vapor (Ramboz et al., 1982; Roedder,
1984, p. 256‘end 273). Trapping temperatures inferred from

FIs containing the heterogeneous fiuid range between 2500

“and 300°C. These temperatures. are in concordance with the

entrapment temperature of 2800C yielded by type 3 FIs (Hp0-
NaCl) Provided that '‘deformation did not greatty alter
homogenization temneratures, the trappingltempe}atures tor
the QFV are very similar tou the range of L2770 & 480C
obtained by Wood et al. (1986a) for the nearby MCIntyre—‘

Hollinger Mine, and to the range of 2850 ‘to 3959C obtained

by Robert and Kelly (1987) for the Sigma Mine (Québec).

~ Figure 7-1B 'shows that the temperatnre' of
entrapment, the composition of ‘the pafent fluid before
| g, and the position of the immigcibility surface of
the chem1ca1 system pertinent to the fluid under study need
to be known to define the pressuare of trapping from
microthermometric data of FIs Unfortunatelj, it ‘is not
pessible to determine the relative éonbentrations of Hp0,
0
¥

CHy) Wlth the freezlng data of the present study, and more

CO;p, CHy ‘and NaCl in the parent fluid {Type 1 FIs. Ho0-C

,lmportantly, the‘effects of CH; on the position of the

solvus: in the Hy0-NaCl-CO, system are unknown. Thus,
pressure of fluid entrapment cannot be esteblished for the

QFvV. Nevertheless, Spooner et al. (1987) obtained

“

homogenization températures for low salinity sz—coz Fls

with-negligible CHg concentrations 1in .gold-bearing quartz

.

-
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veins from the nearby McIntyre-Hollinger ﬂ;nﬁ. By usipg
figufe 7-1B, they were able to estimate a™ pressure and a
depth of entrapment‘ of 500 bars and 2 km, respectively.
Sinee both the Dome Mine and the HcIntyfe-qulinger Hiﬁe
have similar geological settings, fluid inclusion types,
arid homogen;zation temperatures if_ is possible that these

pressure and depth estimates are also valid for the QFV,

' The carbonaceous and aqueous fluid observed in the
QFv is-very similar to the'type of fluids observed in other
Archean lode gold.deposits (see section 7.2.). Occasiocnal

fluid unmixing is also noted in the - HcIntyreéﬁollfhger Hine_

(Timmins, Ontario) (Wood et al., 1986a; épooﬂer et al.,
1987), and the Sigma Mine (Val é—j Québec) (Robert and
Kelly, 1987). The carbonaceous ae agueous inEIusi’“s\ like
gold mineralization, predate the. deformation. eveng.whlch
has affected the QFV. Furthermore, the komat;ite wail'rQCk
- of the QFV has_eeen'extensively carbonatized éeriﬁg ingress
ef‘a COs-rich hydrothermal fluig, probab;f-breceding guartz
veingng. These peints suggest that FIs of type 1, 2, and 3;,
Zand the FIs with variable degrees of £illing are probably
the closest in composition to the ore-bearing fluld

. ',‘ _ By analogy with otper Archean lode gold deposits itl
kan be |

‘inferred that the primary fluid before unmixing was’

s n
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a low salinity H,0-CO, fluid (see section 7.2.).‘CH4frich
fluids are usually only encountered in close proximity to
carbonaceous sediments (Ho et al., 1985; Spooner et al.,
1987). Thus, thé._fluid now present in‘thg QFv prbbably
acquired its CHé-riéh character only at the cohtact with
the:slates, although‘it-méy have been modified during later
‘deformation (see_se%tions.?.B. ang 7._4.)T
> The- aquéous—éarbonaceous‘ FIs can be found in
e;thég: barren or ore zones of the QFV. This obgervation
indicates that the fluid circulating along the QFV was of
the same nature throughout  the veining history, whEtPfi>
bandednéf massive quartz was precibitated.' An identical
conclusion was ‘reached in chapter 5, whefé it was put
f;rward that high ore grade banded quartz and low ore grade
_massive 'quértz veins were deposited froﬁ&?the same:
hydrothermal fluid. Since gol&, with a few exdepfiohs, is
consistently o a%sociatéd with banded quartz,' the
destabilization of the gold. complexes from the aquecus-
carbonacéous fluid must be related to the crack-seail veiq
growth. As depicﬁed in figure 5—11, when a crack was forméd
during hydraulic fracturing, the wdll rock pore flulid
migrated to the crack, thus resulting in a slight pressure
drop within_the fluid when it reached the fracture (Fig. 5-
11). By analogy to figure f—lB, the low salinity CHg-rich
Hp0~CO4 fluid present in the V is very brobably sensitive

to pressure fiuctuations t the pressure-temperature

a
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conditions determined in section  7.6.4. This aqueous-
carbonaceous fluid may have undergone unmixing at each
crack-seal event. Partitioning of €0, and CHy (plus other
renuced volatile species) to the vapor would result in.a
enift in the reme;ning fluid towara highe; H and £0,
(Drummond 4anq Ohmoto, 1985). Assuming thaﬁrﬂpgold was

transported as a .thio complex, pH and £0, will Etrongly
affect the stability of such complexes (Seward 1953 1984).
Figure 7-5 shows how a simultaneous increase of both pH and
£f0, can result instantaneously in a dramatlc drop of gold
solubllity Partitioning of HZS into the vapor also has “the.
effect of destabilizing such thio complexes. The numerous”
crack-seal events that are requtred to generate the,large
width of the banded domains in the QEV were probably very
§heffictent in removing gold from'the ore-bearing solution.
| Little gold, .if'any, was deposited in the nassive
arfd non-banded quartz material ‘because the pressure bt‘the¢
.hydrothermal fluid inside theivein had to be high :nough to
nvercome the pressure acting' on the wells; ¥Therefore
.-‘pressure conﬁitions were such ‘that noc phase separation of
the ore-bearing fluid could occur.
3 The absence of primary bis‘éoes not invalidate the
ore‘deposition. modeling described above. The‘accretionary
crack;seal vein growth process was'operatiée %Pring most of

thetquartz precipitation histofy of the QFV. Once quartz

was deposited in a crack it became part of the composite

] -



" Figure 7-5. Gold solubility contours for Ru(HS)3; at 3000C
(From Seward, 1984). . ' :

Solubility contours are in ppm .and- shawn by the solid
lines, Stability £ields of pyrite (py). pyrrhotite (po),
hematite (hm), and magnetite (mg) are given by the dashed
lines. The vertical dotted lines give the pH stability
- fields for K-feldspar (kE), muscovite {musc), and
kaolinite (ka) where ax+=0.01. The stippled area indicates
the frequently encountered region of ore deposition
(according to Seward, 1984). : .

A: total sulfur = 0.05 m, total chloride = 1.0 m.

-B: total sulfur = 0.001 m, total chloride = 1.0 m.

" The diagrams are given to illustrate qualitatively how the
increase of both £0, and pH 1leads to .a decrease in gold
solubility (arrow). The exact position of the gold
solubility contours cannot be ‘given for the ore-bearing
fluid .in the Quartz-Fuchsité vein environment since the
total sulfur ontent of that fluid is unknown. However,
sulfides are égelatively rare in the Quartz-Fuchsite vein,
suggesting at diagram B based on- low-sulfur
concentrations is a better \ representation of the
conditions prevailing in the Quartz—~Fuchsite wvein
environment. The. presence of pyrite and muscovite in the

g

.vein and its wall rocks constrains fdz and pH conditions:

to. the intersection area of the stability fields of
muscovite and pyrite ¢area 1 in diagram B). Thus, it is
interesting to note that the shift of £0, and pH which is
responsible for gold precipitation in the Quartz-Fuchsite
vein takes place in the area of ore deposition that,
according to Seward (1984), is commonky observed in gold
mineralizations. ' : o

¢
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7.8. CONCLUSIONS
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rock mass. Any subsequent 'crack-seal episode could have
generated 'a fracture"in preuiously deposited quartz. As‘
described‘in Eigure 5-11, the pore Eluid present in the
adjacent wall "rock would immediately migra%e to such a
fractur deposit quartz therein, and possibly form a trail

of secondary lFIs on healing. As crack—seal was the

.predominant mechanism generating vein growth, secondary Fls

can be expected to form in larger numbers than primary FIs.

Together with the subsequent deformation event crack-seal
{

{

vein formation explains the apparent absence of, or the

difficulty of recognizing, primary 'FIs in the QFV.

L

. Two hydrdthermal events were recorded in the FIs of L
the QF? : an early carbonaceous-agueous and”,high'-
temperature ‘stage Ithat predates deformation and

recrystallizatio? in the QFV; and a ‘secohd high salinlty,
and 1oﬂer temperature stage that - postdates deformation-of
the QF#, thus gold deposition _ i 1' _l _

| The parent low salinity H20—C02 fluid of the first

stage : underwent internittent unmixing, Rfsulting in a low

“denslty qgé—rngz vapor, and a high density saline H,0

liquid. CO; contains up to 36 'mole % CHg in the parent

fluid, and probably<as much as 50 mole % CHy in the vapor.

: Thef high - CHy . content ‘in co., is mainly attributed to
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intera tion of the original low salinity H20—C02 £fluid with

slates, ereby the fluid was strongly reduced.

created the ures thatu

mall pressure drops inside fra_

mixing of the pressure sensitive
fie] : )

20-COp fluid. Strong partitioning

triggere&ﬁ ow salin@ty
£ CO, and CHy
(plus other volatiles) into the vapor phase resulted in an
increase of pH and £02 of the remaining fluld
The high temperature earbonaceous—aqueous fluid is
most certa}nly the fluiad that precipitated_gold in the QFV.
This conclusion ~follows from comparison with other Archean
m}ode gold deposite, the observation that botn gold - and the
carbonaceous?aqueoue fluid Kpredate deformation, and the
fact_ that the observed wall rock alteration would be
produced by the ‘type of fluid present in the FIs. The
“temperature of this ore—bearing flu&d was pnobablﬁiaround
" 2500 and . 3000C, unless homogenization temperatures were
'strongly changed during deformation.
. Assuming that gold was transported as a thio
complex, then both the increase of pH and fOz during phase
separation promoted gold deposition. Multiple crack+seal
episodes .-in the .QFV were an effective mechanism in the
rdestabilization-of goldfcomoleres,- and probably lead and
- teliuride'complexes; from a low salinity and CH4—rtoh H,0-

CO, £luid.
5.

wilr .t
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The_QFV is the highest grﬁde- ore vein ‘in the Dome:
Mine:- Therefore,. the_!ppimary nature of‘the low salinity
H204C02 fluid, the presence of the ;Iatés which favored-a
build ub of a high -pore fluid pressure re§ime. and the
Erack—seal mechanism are probably .optimuﬁ condifioné to
pggduce-é high grade ore gold ﬁineralization..cold was not
debosi;ed‘ip the massive quartz because phase separation
'éoqld not take pléCgh.éuring thig. type‘bf Qein‘ﬁopmation,

since fluid pfessure' was too high " to permit phase

separation. -



CHAPTER 8 _ "
LEAD' ISOTOPES

8.1. INTRODUCTION I, o
E Galena is intimately associated with native gold.in
the QFV. This relationship is sa consistent that- it can be
| assumed that . both metals are coeval ~ and depqsitedlby the
eame hydrothermal.lThislinferrea similarity in age hes'also
been documented by earlier Stﬁdies in the Timmins area

t:(Hurst, 19355 Ferguson et al., 1968). ‘

| | Any information. obtained from the lead isotopic
composition of the galenas may be dire%;ngLelevant to the
origin of the gold. Thus, lead isotopes could . prove useful
in constraining possible gold sources. In particularf-the
lead isdtobe signature‘may Be evaluated in terms of local

rock sources or . lower crust and/or upper mantle sources.

‘8.2, §Auggzug" | | )

\ Eightl galena samples were collected in the high
grade ore zones of the QFV. All but one come from the
banded'parts. The galenas are tfpically in grain boundary

contact with gold (Plate 6-1A). The one -sample not from.the('
banded paft of the QFV comes from a quartz vein, in the
e

179 ' |



)

] | 180,
wall rock, bué&T?  contactrwith the QFV (Fig. 5-1, sample
#12003). S |

Whole rock lead _ isotope compositions were
determined on Gérious rocks from the Dome Mine environment,
particularly the immediate host. rocks of the QFV. Slates,
carbongtizéd rocksf _an& a porphyry lens from a drift
cutting. the QFV on the 12th level (Fig. 5-1) were analyzed.
The Preston poiphyrﬁ was sampled on the 12th levgl, whereas
the Pa?ﬁastgr: and the Pfc?ton West porphyries, and an
ult:amafic‘flow were sagpled \ at the surface_souﬁh‘ of the

Dome Mine (Fig. 3-1).

8.3. DATA MANIPULATION AND INTERPRETATION
. . The treatment"and inferpretatioh of lead isotope
data follows the procedures described by ﬁaure (1986) and.
Gulson (1986, Chap.9). -Hodel calculations, and constants
and symbolé used in 'lead—lead age and model calculationﬁ
are éiééﬁ“ in Appendix III. The basic approach in a source .
‘rock"investigation is to determ@ﬁeﬂ_or infer té% léad
fisotopic-composition of the possible source rocks at the
time of their formation, and cﬁmﬁ?réA these compositions .
with'that of the ore, also at its time of formation.
‘- The measﬁred lead isotope compositions of the
galenés db not neédr to be corrécted for addition of
radiogenic lead since their formation% Because of the far

‘greater abundance of lead " over uranium or thorium in
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galena, there 1is little concern ab6ﬁf.modiﬁication of the
initial lead composition due.to radloactive decay since the
time. of formation. o .y

'The situation .15 quiighgifferent éor the whole raock
;ampleé. All the‘rbcks’pbntéin some urép1um, so | that it is

b9

neceésafy to correct the observed lead isotope ratios. for -

radioactive decay.of uraniumlH\Various'approaches are used

L

by which ‘the starting leag gompositi&n can be defined’
*3j;jLambert, 1985; Gﬁlson, 1986, Chap.é)i Thisican.be ;Ehieveé
'“by'.utilizi#g K~feldspar, whiéhh usually 'has; a very low
uranium abundance with respectt“£o‘lead: Uhfbrtupa£gly, no
such -K=feéldspar can Be: foundvgn ény.of'the lithqlogies.at'
the Dome Mine, so that this. method:canpoﬁ begapplied\_A
"similar procedure to 'détermine'dghe ‘initial’ratio'is’by
correctiné for in situ‘decay of uraniuﬁ in tﬁe whoie rock.
However, étudieé by Rosholt et.al. (1973) énd‘Ziélinski et ‘
al. (1981) hévé'shdwn that uranium ,is very  mobile under
near-sur face coﬂdiﬁions ﬁakihg it diificult to obtain the
initial isdtopic'éohﬁosition. a fﬁrthgr suggestion is to
take the least fadiogenic composition from galenés or
another lead—rich‘mineral as thg best approximatibnnto the
initial ratios. This procedure is redundant, since we wanf'
to determine whether or not a lithology from the Dome Mine
had, at the ‘timé of its formation, a léad isotope

combosition'éimilar te that of the .lead from the galénas
. . - ) ’I - 5 ’ . . -

*\associéted\with g?ld in the QFV. Thus, as a first approach, -

2 ' | o o .

&
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the only remgrﬁrng possibility is to obtaln the initial
ratio in a 2°7Pb/204P_b versus 206Pb/zqub ’diagram by
fitting a line through the ar}ay of whole ‘rock data points
of a given iithology (207/206 age), and extrapoiating that
same line until it intersécﬁs ? model growth curve with a
given u value (238y,204py iatio).'The W value is selected
to give the same age for the lithology as deduced by other

geochronological methods (e. g » U-Pb- age)

V In order f;—use the latter method, a lead evoluﬁion
model has to be chosen: Sevefal such models are ‘proposed
(e.g., Holmes, :%946; Houtermans, 1946;: Cumming and
Richards, 1975; Stacey and Krahers,-1975; Zarfman énq_Doe.

1981; Thdrpe,' 1982). In  the present stqdy; Stacey's and

‘Kramers! model (1975) .and ‘Thorpe's local Superior lead

evolution model . (1982) were opted for, because théy yield

lead-lead model -ages for sulfides from a mq?sive‘suifide
T

deposit (Kidd Creek mine,  Timmins “area) and for a

. komatiitic £low (Fred's flow, Huhro Township), fhat are in

gaod éﬁteement with the most likely age of their hosﬁ rodks
(Table 8-1). Calculations with the single-stage Holmes-
Houtermans  model (Faufe,“ 1986) are aléo given for
¢ompérisoﬁ purposes.

1

The lead composition of the galenas from the Kidd

7, Creek mine’ (Franklin et al., 1983; Tilton, 1983), and the

chalcopyrites from Fred's Flow . (Brévart et al., 1986) are

’ -alsa,utilized to giﬁe(anfestfmate of the n value of

I - - i . . - ]
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pos;ible source rock reservoirs in thé Archean. Gaiehas
from the Kidd Creek massive sulfide éeposithOntain lead
with‘a large crustal component, whéreas chalcopy;ites from

Munro Township komatiites are representative of mantle type

lead.

‘8.4. RESULTS AND DISCUSSION . : -
”8.4.1.‘Who;e-fock lead isotope ratios

Isotopic ratlos were obtained for five.porphyry
samples, and 'one COmposite _Slate sample (Table 8-2). The-. -
carSonatiied rocks and the ultramafic £low' 'did not yield
énj‘reliable iead isotope results. In all probability this
was'due t6 low leéd concentrétidﬁs  in thesé‘samples. Low
con&enﬁration of iéad are characteri%tiq of Unalteréd
komatiites (Table 2 in Brévart et al., 1986), and it is
suggested that the komatiites of the Dome Mine were not‘
greatly,enriqhed ‘in Iead‘ during subsequeﬂt alteration and.
ﬁetamorphic prbcesses. It is doubtful that the carbonatizeqm
komatiitic wallrocks of the QFV contributed ﬁﬁch of the
lead now preseht. in the galenas. ‘Thus, the local

carbonatized komatiites can be ruled out with great

confidence as a major source rock reservoir for ‘lead.

_ Thellead isotope ratios of the three whole rock
sampleéf;ollected underground (Table 8-2, samples: COMP4,

12302, and 12515) are colinear (Fig. 8-1). In contrast, the



#

ROCK TYPE AND NANE OF LITHOLOSY

rack zone

SANPLE 206Ph  207Pb  208Pb
NUNBER 204Pb © 204Ph  204PD
£0MP4 Cnlposgté éalple of slates lying | 18.171 = 15.381 38,537
.| north of the carbonate rock zone | =
608 | Paymaster porphyry 19.320 15.547 38.501
609 ] Paymaster porphyry 18.317 15,238 37.073
: 18,283 15.236 37,040
709 | Preston West porphyry 23,648 16,300 40,352
12302 | Preston porphyry 18,822 15.508 * 37,861
12515 - Porphyry'lens in the carbonate 18.024 15.366  36.275
' 18,092 15,384 36,313

© Table 8-2, {sotopic composition of vhole rocks from the Dome Nine
environment. All data are corrected for mass fractionation

using SRM NBS 981,

Samples 608, 609, 709 vere collected at the surface.

Samples COMP4, 12302, 12515 vere collected on 12th level.
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surface samples (Table 8-2, semples: 608, 609, and 709)
£all off this linear array (Fig. 8-1). |
Assuming that all porphyries are cogenetic (HcAuley,
1983) and that their evolution can be represented by a twn-
stage model, the crystallization'_age of the Preston
‘porphyry, i.e. 2685 * 3 m.y. (S.Marmont in Masliwec et al.,
1986), can be used to calculate the slope of their‘
theoretical' secondary ‘isochron.l The 'eelculated slgpe is
"0.1835. The theoretical secondary lsochron £its the lead
isotope distribution of the colinear underground samples
which yield a slope oﬁl 0.1822 t 0.0545% (least square
- fitting methed of York {1969)) (Fig. B—i); The interseetion'
of'the geochron et 2685 m.y. and the Isecondary_porphyry
isochron gives the initiall ‘lead composition of the
porphyries. The position of the 2685 m;y. geochren ip the
lead-lead diegram is a function of the parameters of the
chosen modei. These parameters afe the 2°5Pb/20qpb and‘
207pp/204py ratios at the initiation of the lead evolution,
the starting time of the model, end variagion in p with
 time. l) |
| There is a good:agreement between the initial ratios
of therpoféhyriee;cemputed ﬁrom Stacey's and Krame;s' model
(1975) andl. Therpe s medeI {1982), whereas Holmes-r
Houtermans' single—stage model (Faure, 1986) yields lower
initial ratios (Fig. 8 1, Table 8-3). The isotopic ratios_

corresponding to the intersection of the 2685 m.y. geochroh

-t
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2
Q HODEL INITIAL LEAD ISOTOPE p«VALl}E OF THE.
RATIOS OF THE PORPHYRIES | SOURCE RESERVOIR -
.206Ph 207Pb .
204P  “204Fb ~
1]
Single-stage ,
(Faure, 1986) 13,271 14,489 B Y L
. Tvo-stage ’ ' LT
(Stacey and 13,387 14,512 8.64
Kramers, 1975) ‘ ‘ -
Superior model ; .
{Thorpe, 1982) |  13.383 14,510 ° i

°

»

Table 9-3. Initial' lead isotope ratios of the porphyries
calculated vith different lead evolution models.
The correspondiag o~ values of the source
reservoir are also given. '
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'and Carlson, 1987).

—

and the secondary porphyry isochron, and the lead 1sotope-'

189

composition of the source at the initiation time of the
modell.permits computation of the growth curve of the
pqrphy;y source reservoirfand its py value, These U values
are. listed in table %{3. n values obtalned by.bbth the
single-stage model and the two—~stage _modél indicate a

source reservoir for the{‘porphyries which 'is depleted in

'uranium. The u valué of 8.64 calculated with Stacey and

Kramers' model is lower than theif 'terrestrial average u
Kglue of 9.74. The value of v#ﬂ?sfyielded by the single—

stage hodél agrees well with values between 7.4 and 7.9

‘obtained 'by independent studies on the Archean mantle

(g.g., Cﬁfuvel et al., i987;.Dupré and Arndt, 1987;‘Sh%rey'

It is not surprising that the sTate composfie sample
falls on the secondary isochron defined for the porphyries
(Fig. 8-1, sample COMP4) since the slates in the Dome Mine
envirénment are thought to be génetically ‘related to the
local porphyries (Kefrich and Fryer, 1979; . present study,

&

Several reasons "can be suggested to account %or

chapter 4).

three porphyry samples lying off the secondary is;§;;gn.
Alteration of the U—Pb ratio of the surface samples could

be a possible cause. Alternatively, their discordant

" behavior might be an criginal feature . of the porphyries.

Reworking of ancient crust, or_isotopic“;contamination from

.

N
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older crust might be the origin of the data scatter (e.g.,

HeaFgath and Taylor, 1981). Depending on the proportions of

D} g different crustal and mantle material in the melt from

which the’ pofphyries crystallized the source reservoir
might have been fairly heterogeneous vielding highly
variable initial ratios (e. 9., Gariépy and. Allégre, 1985).
These different cases imply - the presence 6f‘a'relatively
'older,erustei reservoir. Ipdirect evidence ef’ an elder
sialic'tese?yoir comes £from the 'presenqe of zircoes inlf
detrital sediments from the Pontiac Group, which ete at
least 2940 mly.‘qld;‘ while some could be as old aS”ﬁlSOﬁl
m.y. (Gariépy et al.,_1984).- |

It 'is virtually impdesible to decide whether ohe ar

‘the other \above-mentioned 'scenarios is more likely As

'illustrated by the galenas from the Kidd Creek mine, whlch_

contain mainly crustal 1lead, and the chalcopyrltes from
Fred's Flow (ﬁ:nro Township), that have malnly mantle lead'
(Table 8-1, fig. 8~2), it may well be that in the Archean
the vafious lead ‘source reservotrs did not ‘have
 significantiy'diffefent " valujz. This could be the result
of a smell age difference between groductlon of older
crustal source .material from the.mantle:and-the sﬂbsequeet
meltingfof'either the crust or both (the mantie ana¢the
ust to generate the porphyry magma. For instancef if the
older crust was generated some 2940 m.y; ago (Gariép& et

al., 1984), then the porphyries crystallized only some 250
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m.y later, at about 2685 m.y. (S.Marmont in Masliwec et
al., 1986). | - : \ '

In spite of the non-linearity of the Qhole rock data

from the porpﬁyrlés, ~the. 1lead ratilos can& still> be -

approximated by a two-stage model.\In this case, it ﬁould
- - o : .

Y

"scatteréhron";“If"all whole rock‘data'age used to compuf;'

the initial lead lsotope ratio of the porphyries, then the = -

u values . are” not drastically affected and are 7.69, 8.27,

and 8.51, instead of 7.79,.8.64, and 8.71 for the single-

stage model, -Stacey and Kramers' "model, and the local

Superior model, requétivély. However, it adds another

degree .of uncertainty to the true initial lead iédtope

composition of_'fhe pofphyries 2385 m.¥». ago. The most

be more éccurate to call the se-deary isochron a

e

appropriate- lead evolution models to use are Stacey aﬁﬁ~.

Kramers' model (1975) and  the local | SuPerior model

described by _Thorpe (1982). The Holmes-Houtermans sipgle-

stage model (Faure, 1986)_'yie1ds lead-leaa ages too young'

for'pyrités from the Kidd Creek massive sulﬁide.deposit and

4

chalcopyrites from Fred's Flow-i\ comparison to the age of
their host rocks (Table 8—1)?

The Ksindle-stagé model

~

probably gives lead compositions Eor‘ the porphyrles that

- are only a lower estimate of the'trué initial ratio.

| ;//fff’

7
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8.4,2. Galena lead jsotope rafios
. The 1lead 1isotopic composition of the most likely
reservoirs for the galenas ffom the QFv are knoén
approximately. Chalcopyrites - from  Fred's Flow (Munro
Township) prdVide an estimafe of" the'- 1eag isotope
Eomposition of the mantle beneath the Abitibi belt,-and of
a volcanic plle consisting;.pfédominaqfly pf rocks dé;ﬂbed
ffom, the mantle. Galenas from the Kidd Creek massive
sulfide deﬁosit contain llead | with/ a largéﬁ3c£ustai
component. The initial 1lead isotope -ratf6°o£ the local
pgrphyrieﬁ'has also been established. 1In .addition, local

'_garbdnatized'komatiites have been fuled out as a major 1ead

‘source. : . -

The lead isotopic compositions of galénas assoéiatéd

with gold .a;efiisted in table 8-4, and shown in figure 8-

‘.é, together with the composition of the ﬁajér botenfial
lead sources. Within the reproducibility of meésurements,'
six out pf eight galena sémples cluster tightly near the
origih‘of the secondary iéochronﬁoﬁ ;he 1aca; p?rphyries,
as deﬁermined with the two—stagE'model (Stacey ané Kramers,
1975) ang/Ehe Superior model ¢{Thorpe, 1982). The model ages
of the galenas fall within a small"rangé, and u vélues
‘indicate a .source‘ deplefed‘ in uranium relative to the

> -

. terrestrial average value:- of 9.74 'inen by Stacey and

s

Kramers (1975) (Table 8~4). The spread of this grouping is



SAMPLE § 206Pb  207Pb  208Pb | LEAD-LEAD MODEL AGES (m.y.) AND ceVALUES.
NUMBER.] 204Pb  204Pb _ 204Pb Two-stage model Superior agdel
‘ i B Age  4e Age . ac
80020 | 13.725 14,638 33.3% | 2% 8.5 2502 8,64
BOOGG | 13.681 14.606 33304 | 2576 B.66 %715 8.2
13.612 14,600 33.29% | - 2563 B.57 . 2566 8.69
CBO10F | 13.398  14.525 33,204 2692 B.74 %085 8,75
- 113389 14513 33158 .2680  8.61 %79 9.70
10005D § 13.400 © 14.531 33,183 2701 6.82 %91 8,79
13.383 14,500 33.107 | 2663 8.46 259 8.62
100178 | 13.440 14.555 33.270 %94 8.9 " 2680 8,84
13,418 14.535  33.203 2683 8.76 %77 8.7
12003 | 13:398  14.518 33198, 2678 . 8.63 %77 8.70
S 1337 14518 33179 2693 8.70 2688 8.74
12031 | 13,419 14.564  33.290 9 8.2 M2 8,97

. 13.408 14,538 - 33,234 2704 8,97 2691 8.32 -

13010 | 13.429 14,557 33.29 73 9,03 2694 8,89

Table 8-4. Lead isotope compositions of galenas associated vith gold in the

Dome Kine Buartz-Fuchsite vein. Model ages and A values are

given as vell for each sample. Errors on the ages-are +13/-2%
and +{4/-19 ny. for the two-stage model (Stacey and Kramers,
1373) and the Superiar model {Thorpe,1382), respectively.

All data are corrected for mass fractionation using SRM NBS 981,

e
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‘the same age but not from the  same source.

195
atﬁkibutéd to error in measurling 204Pb, and to mass
dependént isotoplc fractionation.

‘The similar lead isotope cbmposition.of the galenas
and the initial ratio of the_pofphyries from the Dome Mine
environmeht may be 1nterﬁfeted as evidence of a genetic
affiliatioh between both. Alternatively, this pattern may
be fbrtuitousﬁwith the porphyries and the églenés being of
| | &

It. was noted above that various sq?rce‘reservoirg
maylnot have developédf significané?y‘fgigﬁerent u values,
thus rendering it difficu%t to,recognizé iééd derkved from .
diffefent reservoirs. 'Possiblé sourcés ;nclude an upper
mantlé or a lower crustalrreservoir, a fluid geherated by
metahorphic-ﬁutgassing of. a volcanic plle composed chiefly
of basalts and komatiites, or the 1local intrusives.
Howevér,‘the fairly uniform 1lead composition of the six.
galenéQ'from ﬁhe méiﬁ cluster suggests an isdtopically well .
hémogenfzed sourcé. |

Two -galena - samples have "anomalous" lead
compositioné with respe;f to the main galena cluster. The
two "anomalous" samples and the‘méin"galena grouping are
cblinear. * This lineér array ‘has a slope of 0.33 + G.07
(York, 1969). . |

The"process which generated this 1line can be

approximated by a - mixing meodel, with the main galena

-cluster as one "end member and < a radfiogenic crustal



196
component as the otﬁer. It 1s possible to‘ deterﬁing
approximately when this contamination event occurred by
making a few sound assumptions. The closest source for
radiogenic lead are the- adjacent Qolcanic"and sedimentary
rock sequences. The Tisdale volcanism lasted about 22 m.y.
(Nunes and Pyke, 198b,'1981). The length of the volcanism
which genérated the rocks of the Deloro Group is not so
qgif‘copstfained. However, for the sake of argument_ let us
attribute a coﬁparable duratian of appr&kimately Zé_m.y. to
the Deloro volcanism. 1In this‘ case, deposi?ion“ of tﬁe
volcanic- pile lasted - from about 2750 to 2703 m;y.. pr
convenience of c%lculationx£he beéinniﬁg;of radiogenic leéd
accumﬁlat;onl_is_ time-averaged- ét A2725 m.y. Using  this
reasonable'agg,“and the}Slope of the linear galena arfay.
the time of addition of radiogenic lead froﬁ the adjacent
.volcanic pilerto the galenas from the QFV can be calculated
as 1970 :-?%8 m.y. ago (Fig. B-3). It is éntirely.possible
that more tﬁan one éontamination event tqok élace.. "

Independegf evidence for a possible. %ltergtion of
tpenléad‘isotopic sYstem in the time span establlshed above
is‘given by Masliwec et al. (1986), who recognize in model”
0npr/39%r "age  spectra of the: Dome Mine fuchsites a
significigt dis urbance 2450 m.y. ago and a second milder

perturbatidn 800 m.y. ago;

Severa thermal episodes could have caused the

remobilization of léad from ﬁearby volcanic and sedimentary
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strata, and concelivably the perturbations in the argon age
spectra. For instance, the Kenoran and Hudsonian orocgenies
occurred- at '-2480 m.y. and 1735 m.y., -respectively
(Stockwell et al., 1976). Additionally, ' diabase dikes
intruded this part of the Abitibi belt. Measured or
inferred ages rangé from Early to Late Precambrian (Leech
in Ferguson et al., 1968; Pyke, 1982). In a comprehénsive
study, Frankfin et al. (1983) found very ;imilar
"anomalous" 1lead isotope rﬁétterns in many gold deposits
lrirom'_the Abitibi greenstone belt. They‘ attribufe. the
distribution of the "deviant" ieads to Kenoran metamorphic
events, and possibly to the Nipissing 'diabase intrusion
event, which took place 2170 m.y. ago (Krogh aﬁd‘babis,
1974). The above-mentioned thermal events might also

explain the scatter shown by the porphyry lead ratios. )

8.5. CONCLUSIONS = | y -

The 'aim ‘of the present lead isotope stﬁdy of the
galenas from the QFV and various lithdlogies from the Dome
‘Mine was to determine the source of lead, and by
association‘the source of gold.. Carbonatized_komatiitic
rocks from the immediate vicinity of the QFV have been
ruled out as a major source of lead, and by inference gold.
The similarity between the lead isotopic composition of the. -
galenas and;the initial lead ratio of the porphyries may

suggest a ‘genetic aséociation between the gold
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mineralifation in  the QFV  and local ‘porphyries.
Alternatively, the porphyries and the galenas may be of
rooghly the same age but not from the same source. it is
pessible that different lead source reservoirs had similar
U values, which cannot be distinguished by ecurrent
techniques The present investigation has shown tnat 1ead
isotopes alone probably cannot d;stinguish lead, and by
inference gold, from the opper mantle and/or -lower crust,
from local felsic intrusives, or from a fluld generated b}
metamorphic outgassing. Any of these sources is possible
This findinéf::ntrasts with conclusions reached by Browning
et al. (1987), that 1lead and gold from Arohean lode
deposits of Western Australia were ﬁerivedbfrom basalts and
komatiites by devolatilization of a greenstone plle during
regional metamorphism. . éi

o Nevertheless, the lead composition of the galenas
demonstrates that the bulk of leadE&as derived fromlan
isotopically weli homogenized source. about 2685 m. y ago.
After deposition of the galenas, one or more contamination
events took place broadly between 1250 and 2480 m.y. ago.
This conolusion is compatible with the disturbances found
in the_argon age spectra from Dome Mifie fuchsites (Masliwec
et al., 1586J, which remained unexolained so far.

The scatter of the whole rock data is due either to
alterabion of the uranium-lead ratios after their

formation, or to primary 1lead isotopic variations in the

& - k
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source of the porphyries. Despite the non—linear%ty of the
data, tHe lead evofﬁtion of the porphyries can be
approximated by a two-stage model copfirming the
conclusions rééched by McAuley (1983) and Ker;ich-and Fryer
(1979), that the porphyries are cogenetic, and that the
slates are_ genetically related +to the ﬁorphyries.'Loﬁ u
values for the sources of ;he galenas and‘ the porphyries

indicate, that both were derived from an uranium-depleted

reservoir,
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CHAPTER 9

L)

SULFUR ISOTOPES ® *

9.1. INTRODUCTION - %

Wi. A limited sulfur isotopeﬁstudy was‘undgrtak;n fd
gain complementary inéormation aboq% ' the source of sulfur
in the mineralization of thej»QFv; and to"further
characterize the fgature of the ore—bearigz fluld and tﬂe .
.processes of Pre deposition. . |

9.2. RESULTS AND DISCUSSION 4. 4<;7

~Sul fur isotope results are'displayed in‘figure79—1.r
6345 values for pyrite from the hsst rocks»and the- QFV lie
in the range of 0 to 109/, that is typical of Archean-iode
gold deposits (Colvine et al., 1984; Kerrich, 1987).

Galenas from the QéV have 1lighter sulEur“isotope

compositions than pyrites from the QFV, with averages of

_g\f34s of 1.1 and 3.4, respectively (Fig. 9-1). The lighter

sul fur isotopic composition of g%iigﬂ'relative to pyrite is
consistent’ with the experimental data of Xajiwara and
Krouse (Igal), who showed that galena coprecipitated In
equilibrium‘ with pyrite has a lighter éulfur isotopic h
compositiqh;_Howeverq application of_the.isotopic

LS .

. L 201
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-7.2.). The temperature geined from isotope geothermometry.

. ' 203
thermometet for the pyrite-galena palr given by Ohmoto and
Rye (1979, table 10- -2, p 518) Yields a temperature of 3930

t 26°C.- This temperature does not agree with the

‘temperature range of . 2500 to 300°C., obtained from

'mierothermpmetric‘studies ‘of the fluid 1nélusions (Chapter

7). It is believed that the Egmperature range gained from

the fluid inclusion study is probably a better estimate of

L=m

deformation of the QFV has  severely altered the
-

homogenization temperatures. This preference 1s based on

the . tempere?ure of "the ore-bearing flulid, unless

the~ following reasons : °

. . . . 4 ,;-‘ ‘ )
1) Fluid inclusion Jbulk homogenization temperatures from-

‘the QFV is in better agreement with the usual range of 2000

to 4000C found in otheg,Archean lode gold deposits (Section

+

lies atﬁthe extreme upper range.

<

2) 34g from galena and pyrite oftenpg}ue %é;peratures'theth

] aEF discrepant with respect to eStimatee geinedrby other

metheds (Ohmoto and Rye, 1979l Discrepanc1es .may result if

-y
1 - ’ :

" both sulfldes are not  in equilibrium, or were “not

‘ precipitated contemporaneously, or were precipitated f?bm'

L]

fiuids with different chemical states. o

It is quite possible that pyrite and.galena were
not in equilibrium, sinee they are never found in gfaid -
boundary contadt:,Galena is found in association with gold

d'tebiurideshiﬁoften_in' the quartz layers of the b;;E;a

'
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parts from-the QFV whereas pyrite 1is usﬁgily located in the
phyllosilicate layers of the QFV. .
' Pyrites from the QFV and pyrites from thé carbonate
. wall rock have almost identical 634s valuesxaveraging 3.4
and -3.3, respectively (Fig. 9;1). Therefoée, it is possible
that both pyrites were deposited from the same hydrother@al
fluld with identical chemical properties before crack-seal
vein growth took place. This’ is congistent with the;
conclusion§ r;ached in chapters 5 and 6, where it was
argued that the bandihg in E&er QFV represents slivers of
the wall rock that were incorporated in the wein during .-
crack-seal. Pyrites in the QFV might rbe péqt of such wall
rock 'sliqers. .In' contrast,~;aleha w&s probably depﬁsited
with gold and tellurides dur ing crack—seai vein g?owth,
whereby pH:and £02'of the hydrothermal f£luid.were increased
(Chapter 7). However, this later pgint might be ' subject to
discussion, since‘ there is no textural évidence of such a

[ 3

_ paragenetid sequence.
Althougir sulfides -are no£ predomi t midé;als in
‘the QFV, an estimate of the 6345 of the éizﬁbearing fluid
can be obtained from galena and pyrite. At temperatures
below 400¢°C, Hp,S and SOE_ are the two important aqueous
-Species which éontrol_the distribution cf sul fur jjp%anSTbl
The high CHg content. in the f£luid inclusiﬁns prébably

reflects the reducing nature of the " ore-bearing fluid.

Therefore, it can be assumed that SOE— was present in

N
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negligible concentrations, and that §34g of HyS ié similar
" to the bulk 63%S of the hydrothermal fluid. Since 6335 of
galena and'of pyrite are lower by 20/ und higher by 10/w,
respectively, than 63%5 of the hydrothermal fluig~
temperatures around 3000C (Fig. 10-3, p. 515 in Ohmoﬁi*;::)
Rye, 1979), it is probable that the ore—bearing £luid had a
6345 value in the range _of 0 to 59/w., Such an isotope
signature is consistent with sulfur der ived from a magmatic
sourcﬁ’ or by leaching from volcanic rocks Horeover, the
initial isotopic composition othhe ore—bearing fluid mlght
have been altered by interaction with the adjacent slates,
which couldvhave contribu;ed some light sulfur. Thus, it.is
difficuit to attribute‘a unigue source Fto the sulfur now

present in the QFv, partlcularly in the galenas associ%%;d

with gold. -
. .9.3. CONCLUSIONS : ' - ‘

-

‘Qﬁ The isotopic signuture of‘pyrites from the QFV and

its host rocks is similar te that found in other Archean .

e,
Gulenas anu pyrites from ™ the QFV have 6345

D : . ‘
. lode gold deposits. . , - éﬁ

compositions whicﬁﬁk‘ére higher than homogenization

temperatures of fluid inclusions. _This -may be due to

disequilibrium, or o noﬁ:éontemporaneous deposit*on. The
second possib;llty is likely if pyr+te waséﬂeoosite ring
carbonatlzatlon of the host komatiites, and ga a wa

r
[
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deposited together with gold and tellurides as the ore-

beéring- fluld experienced a shift in pH and £0, during

/

crack-seal veln growth. During the same event, pyrite in

slivers from the wall rock was incorporated into the QFV.
Thé_sulfur isgﬁope composition of both pyrites and

galenas may reflect the composition of  the ore—bearing

fluid. 63%S of the f£luid between 0 and 50/e is compatible

with either a magmatic source or sulfur derived by leaching

of a volcanic rock pile in ,the course of metamorphism. Some

-light sulfur might' have been added from the adjacent

slates, élthough this 1s difficult to evaluate.
, _

.
4

y
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CHAPTER 10
S e : . GENESIS OF THE
QUARTZ-FUCHSITE VEIN

In order to understand the genesis of the goia~
bearing QFV of the Dome Mine, the main‘ conclusions of the
previous chabters need to be considered:

1) Alteration of the hosf roéks of the QFV is céﬂtefed
éround the porphyry lens present = in the zoné of

: carbonatized and altered rocks, rather than around the

veig. ‘ ‘k
2) Intensfty 6f couhtry rock fracturing, quartz veining,
fuchsite ‘and pyrite development increases _tawards the
porphyry lens. | N

_3) Most of the major and trace elements introduced int; the ~
komgtiites during alteration were probably derived from the
immediate neighboring iitho}ogres which are malnly
porphyries, and to éilesser extent; slates.
4)‘523 ,seems; uniikely that the «carbonatized komatiites

@ o _
supplied any.ﬁ?}d to the QFV, since they are enriched in

geld as well,

'5) Both the porphyries <of the mee”Mine and the QFV wépe

A " 207
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emplaced-before the reqional compressional e:ent labelled
as Dy (Roberts et al., 1978; Roberts, 1981).

6) Quartz precipitated in c;gcks formed during hydrau;ic
f;acturing.ip a regime‘.of low stress différence,zand high
pore fluid -pressure.régimq that developed at the carbonate
rock - slate contact. ﬂ

7) Two types of quartz vein materials were deposited :
massive barren quartz precipitated during prelonged
épisodes of fracture grswth,‘ opening and c£ystallization;
‘and, banded ore-bearing ﬁuartz dgposited during repetitive
brief periods of crack—seél vein growth. ’
8) The 'characteristic bandiné of the QFV formed as a
consequence of numerous repeated increments of micfocrack
opeﬂlng. Dgring this accretionary vein growth process, wall-
rock slivers were isolated and'mechaniéally'incqrporated in
the veln concomitant with quartz deposition from the
hydrothermal fluid:responsible £or‘hydraulic fracturing.

9) The consistent association of gold'.with bahded quariz'
suégests-ﬁ genetic iink: specifically.rthat gold and quartz
were deposited from a hydrothermal fluld, whiéh may havé
precipitated them in response to pressure décreasé caused
by a ?crack—seal \meéhanism opérating in conjunction with
hfdraulic'ffacturing. ‘ o

' 10) Fuchsite and me%onite,‘ two minerals associated with

gold in the banded parts of the QFV, formed prohbably ddﬁing

crack-seal vein growth by reéaction 'of the ore-bearing

.
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‘hydrothermal fluid with wall rock slivers as they were

incorporated in the QFV.

11) Deoosition of .gold probably occqrréd as a consequence
of Lunmixing of a low-salinity, CH4-rich H,0-CO, £luid,
whereby partitioning of C0, and CH, to the vapor phase
_resulted in a’shift of £0, and pH towards higher values of
. the residual £fluid.

12) Fluid destabilization was‘ generated by the crack-seal
mechanism which produced the small pressure drops necessary
for unmixing of the parent floid into a liquid phase and a
vapor phase. | |

‘13) The parent flG;;} was probably a low-salinity Hz0-CO,
‘£luid that acqilfed its high CHy .content by interaction
with slates at tho contact with the carbonate rocks.

i4) Massfoe and non:banded veins were a less favorable

2t

environment for f£luid unmixzng, since fluid pressure had to
be hlgh to hold the walls: of the fracturL open.

It was also concluded that the QFV did not form as
result of quartz dep051tion along a. shear zone concomitant
with the development of foliation in the wall rock. The
shear zone hodei commonly applied to the 'emplacement of
Archean lode gold-deposits\@ocs not édeouotely explain the
genesis of the Dome Mine va.

. Some of thesc ccnclusions suggest a genetic link

between the QFV énd the porphyry lens found in the zone of

carbonatized rocks. Lateral fluid migration = in the

N
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L)

carbonate rocks towards the contact with the slates, that

"is necessary to generate a zone of high pore £luid

C/

pressure, is fully compatible with the textural,

mineralogical and geochemical zonation .centered around the

porphyry. lens. The fluid that progfessively altered the -

carbonate r?cks adjacent tqrthe porphyry lens méved towards
the contact with the slates whgre it was hindered from
further migration. As a consequence, a_bhagh pore £luid
regime‘developed fthat resulted in hydréﬁiic fracturing of
the carbonate rock. Thus, in fhe case of:the QFV, a genetic
model linking emplaqgmént of . porphjr{és -and gold ore.
develﬁpment is preferred. The carbonate rock - slate
contact. and the porphyry lens rare,mprobably the two
fundéﬁental ingrédients that creatéd the . favorable
environment for the development of the gold-bearing QFV,

The emplacement of intrusidns is known to generate
thermal anomalies, and to impose 'a 'stfhgf field 1in the
country rocks (Burnham and Ohﬁota, 1980;;Knapp and Norton,
1981). Transpoff of heat from the intrusions into the host-
rocks leads +to an inérease in pore fluid pressure (anpp

and Knight, 1977). Magma bodies in the crust cause a radial

~and cbncentricr stress field in which the maximum principal

stress is in the radial position, and the minimem principal
stress is in the . concentric position.ﬁKnapp and Norton,

1981). As a consequence, intense qéracturing is developed

'around_and inside the intrusions. The orientation of the

@ .
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fractufes is a function of the . stress field prevalling at
the time of their formation.

In the case of the QFV environment, intrusion of
the porphyry lens, or. dike, explains the intense réck
fracturing centered around that lens. The thermal griadient
generated by the porphyry lens drove the hydrcthermql fluld
circulation from the center] of the carbonate rock zone
towards its margins, and 1t . alco increased poré\fluid
pressure 1n the country ~rocks. ‘Pore fluid presgure was
increased furthermore at the slate - carbonate rock
interface, since fluid‘?migration was hindered; Hydraulic
extension failure occurred when fluid pressure was grearer
than the ' combined least principal stress and tensile
strength of the wall fock (Pp > 03+T). The orientation of
the quartz veins that fcrmﬁin such an environment ére a
function of both preex1sting fractures and the prevaient
stress . field. In the case cfd the QFV, o, was probébly
subvertical, and o4 was-sthorizontal. This is reflected in
' QEhe subvertical orientation of the QFV,  and many qucrtz
veins in the wall rock in the vicinity of the gold- bearing
vein. T?J/stratabogﬁd character of the QFV is a consequence
of the control that the slates played on the localization
of hydraulic fracturing.

" we  The low K/Rb ratio of fuchsite from the banding in
the QFV r?flects .the, residual composition of the ore-

. bearing fluid probéblyv emanating.frcm the porphyry Yens.
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This flulid inltiall? interacted with the carbonate rocks to
produce the fuchsite alteration around the porphyfy lens,
whereby '%%; Rb content of the hydqothermal fluid was
increased relative to K. This relative increase of Rblwith_
respect to K was accentuated by interaction with the
siates. Hence, the hydrothermal fluid that deposited
fuchsite along the wall rock slivers as crack—seal
proceeded had a relatively low K/Rb ratio; The probable
dependénce ;f fuchsite development to K derived from the
porphyriesf is strongly inferred from the distributioh_of
'fuchsite'within_tﬁe QFV. In the western part of thé-vein,
which is closer_to the main ,porphjry bedies - of -the Dome
Mine, th; banding is rich in fuchsite, whereas in the
eastern portion of the vein further from the main porphyry.
‘”bodies‘the baﬁding ls predominantly composed of chlorite.

Q ‘Based on field and thin section evidence, the
following sequehce of alteration and depositiongﬁbevents
can be sugéested:

1} Initially, carbonatization of the -oriéinal komatiites
occurred. During this - event éome silica was probably
removed from the original pfutolith. According to oxygen
isotope geothermometry, . this carbonatization event is
estimateé to have taken place at 3005_to 4009C in the,nge
Mine (Kerrich and Fryer, 1979).

2) Fuchsite developed subsequently around - the porphyry

lens.
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3) Interaction of the hydrothermal ﬁ{eid wlth the slates
resulted in K and Rb depletion, and in formation of CHyq in
the ore-forming fluid.
q) Hydraulic fracturing of the carbonate roc%g at the slate
contact resulted in quartz veining and fuchsite development
along slivers of wall rock, and in deposition of gold,
tellurides and galena. Silica removed in a first instance
from the original komatiites during carbonatization was
redeposited in the fracteres formed at this stage, Fluid‘
inclusion microthermometry sugéeeté that this ' event
occurred at 2500 to 300°C . .

The hydrothermal activ;iy which was active around
the porphyry lens probably resulted in the redistribution

of meny elements in the environment of the QFV.'Extraneous

‘elements in the‘carbonate rocks such as Zr;' ¥, K, Rb, Ca,

LEE, and £Eu were probably derived 'meinly from the
porphy}ies, and tq a lesserl extent ﬁfom the adjacent
5}etes.' ' | |

The leed and " sulfur isotope data are in fﬁll
agreement with such a ~genetic evolution of the QFV., In

particular, 1lead isotopes suggest a genetic link between

the.porphyries of the Dome Mine environment and the gold-

‘bearing QFV.

By "analogy to other Archean quartz vein gold
deposits, the parent fluid which transported gold was a

low salinity HZO-COZ fluid. It is assumed that gold was
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. transported as a bisulphide c¢omplex. However, due to the
relatively high abundance of tellurides consistently
assoclated with gold in the QFV it is possible that, as
suggested by Sew;rd (1973), telluro¥gold species may have
been important in this hydrothermal £luid. .

The evidence of a geneticrrelationship‘ between the
QFV and the emplacement of a porphyry lens into the zone éf
the carbonatized komatiites, does not imply that the
ultimate source of the ore components'-in the"QFV is this
particular‘pérphyry lens. It is only §ﬁggested that the
porphyry 1lens caused 'bround preparation, in partidular
.fracture the country rock that facilitated f£luld motion,
and ,the‘ generation of a  thermal anomaly that drove the
hydrothermal system and.that increased fluid 'préssufé;in'
the wall rock. The ultim;tevsource of the dreébearingmfluid
. and the gold must be found at depth, raéher than in the
local epvironment. Thé data and observationi obtained in
the present study do not allow a discussion of fhis aspect
of the genetic pfoblem on an:objgctive basis. However, as
stated in thé Intfoduction one can attempt'to relate the
geological environment of the QFV to various-conceptual

'A}chean gold deposit models.

:It.appears unlikely that the entire depositional

environment . of the QFV can be ateg to metamorphic
- dehydration and focusing oﬁ_a-flu_qﬂ,flow along a regional

_shear zone as sugg?sted. Groves and PHillips (1987) for

X,
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debosits ﬁ;om the Western Australian shield, or by Ker#&ch
and Fryer (1979) for the Dome Mine. Although the QFV has
undergone deformation after its emplacement, the gold in
this vein is an integral part of the aézginal depositioﬁal
proéess in the setting formed by the porphyrf lens and the
slates. It cannot be related to a complex and multistage
remobilization ore genesis mechanism as advocated by
'Hutchinson and Bﬁrlington (1984)._ The gold present in the

-'large deposits from the Timmims area can probably not be

realistically derived from‘the' m éd}ate felsic porphyries,
uniess thesg were highly enri héd lnlrgold ihltiglly.
However, the felsic stocks present in thiéAmining camp
might. be the upper visible apophyses of larger magmatic
bodies present at depth. Recently, it has been suggestéd
that.golq in Archean 1lode deposits might be dérived from
feléic magmas with fairly high fOé that were rich in COé
(Eameron énd Hattori, 1987; Hattori, 1987). fEhié is
suggested in part bj analogy to younger examples of goldQ
‘rich porphyry copper deposits (Siilitoe, 1979). COz—rich
aqueoﬁs fluids emanating from Such int:usiohs at depth
.could have transported ggld to the Dome Mine environment,
whetre Ehe—~16651 por?hyry' lens and the lates created a
fq;prable environment for gold. deposition; An alternative
source of ore flﬁid might be fthe lower crust, where
granuiite fofmation accompanied by Streaming of a COp-rich

fluid incotporated Iiarge'ion lithophile elements and dold,

~
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that were transported to higher crustél leﬁels (Fyon et
Al., 1983; Colvine et al., 1984# Fyon, 1986; Cameron,.
1988). The lead 1sotopé signature of galenas consistently
assoclated with gold .in the QFV suggests a genetic link
bgtween thé gold ﬁfneralization in the veln ahd local
porphyries of the | Dome Mine.  However) further
interpretation of this data, to decide whether a close
underlying magma body or the lower grust is a more

favorable source would be highly speculative.



- Y

2

B

CHAPTER 11
. CONCLUSIONS

- - o
.~ The QFV vein of tqilDome M%ne is an A;;hean gold
¢vein deposit éhat—is ~genetically related’ to local felsic
porphyry intrusiigs,'in particular to a_small porphyr leﬁg
present in a  zoﬁeﬂ of car?onatizgd and élteked rocks.
Intrusion of porphyry dikes into komatiites bounded on'éne.
side bf slates created a favorable environment for'ére
formation, This intrusion generated a thermal gradient thét"

drove a hydrothermal system, fractured the country rqck,“

and it increased the pore fluid pressure 1n-the latter. The

'Jslatqs acted as a trap that inhlbited further - fluid

migration and ultimately caused hydraulic fracturing.
ﬁumerous crack—éeél tevénts are. responsible for the
development of orefbearing banded ‘quartz, whereby wall
rock slivers were mechanically incorporated in the QFV.
Dfopg in fluig pressu?e inside the‘cfacké févored'unmixing

of the mineralizing £luid. This resulted in an increase of

i £f0, and' pH of the remaining fluid. As a consequence, gold,

tellurides,_’gggffgglena were precipitated, and fuchsiteﬁ )
formed by reaction of theﬁggstabilized hydrothermal f£luid

with wall rock selvages. ,Gbld ore i%fﬁitiqniprobably took
| w217 e .
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place at the culmination of & sequence of intrusion,
alteration, and fracturing events, - that are :

1) Intrﬁsiop of the porphyryilens {dike).

2[‘Carbohattza;16n of thisd lens and of the komatiites at

temperatures between 3000 and 400°C (Kerrich and Fryer,

1979).. \
3) Fuchsite (sericitization) and pyrite déuelopment in ﬁhe
. country rock lmmediately adjacent to the porphyry lens.

4) Hydraulic fracturing at ‘the . slqtag - carbonate rock
contact, with quartz vein goymatiOn-ahd deposition of gold,
ga&ena, 'téllurides, and_ fuchéite at t;;beratures bétween
2500 and 3000C. T o R

It is suggested that the source of ' the mineralizihg low
salinity H,0-CO, ‘£luid and of the gold is a deeper seated
magma (Cameron and Hattori, ‘1987;'Hattori, :}987); of the
lower crust (Fyon, 1986; Cameron, iéaé). 7

| Both’iocél Jintruééves.of\the Dome Mine and the QFV

-

were emplaced before the regional compre551onal deformatlon
event 1a5;113d as Dl (Roberts et al., 1978; Roberts, 1981).
The geological 'septing and'"evolutlon of the "QFV is
inconsistent with ‘a metamorphic remobilization model.as
advocated by” Kerrich faﬁd Fryer (I979) -or Groves“aﬁd

Philliés (1987), whereby golad ‘would be dep051ted in shear

zones. The 'QFV acquired = its - present- raulthllke

o iifconfiguration only aftér. the Dy deformatlon event The

:‘}geologlcal setting of the QFvV is rather similar to the
n ‘ .

w

2
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gold-rich porphyry model" suggested by Mason and Melnlk;

'(1986a,b) for the Pearl ﬁake porphyry in the nearby

HcIntyYe-HolI&nger mine. Thus, the other gold ore bodles in

the bome Mlne shgpld be reinvestigated to understand their

possible genetic relationship to the felsic porphyry bodies

of the mine, in particular the major Preston agd Paymaster
porphyries T ( ' : f_%

The results -and conclusions of the present research
also have the following br ctical applications: )

1) Felsic intrusicns should be selected as prlmé targets .

for -gold exploration _"As mentioned in the introduction,
N ‘

porphyries have been appreciated by prospe;t;>§ as a key to

. v

2).0Once such an intrusion has been delineated, relatively
impermeable:rock_lithologies_ that ~would bar hydrothermal

fluid migration outwards from the intrusions into the

country rock should be defined. Such traps would create

‘favorable environments for hydraulic fracturing and gold

deposition.

3) Zones of intenseHdeformationamight .be good ore guides,
since strain would be concentrated aleng heterogeneities
such as_ore bodles and to a-leeser extent intrusions, in a
regional rock _ sequence _that' underwent ‘compressional

deformation. Howeyer, a shear - zone is probably , not a

gu;%1c1ent cri%&rla by . ltself to locate ag’or%'body, since
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‘}Zhear zones miggﬁffcrm';n\areas devoid of any ore bodies or |

A -

intrusions.
. In the course of the present study.itwas noted
that high gold ore grades are often a function of the
presence of banded quartz. It is possible that ihe model of
ore deposition Eeveioped in che present case study 1is
applicable to other Archean and younger _deposits..The
combination of high pore f£luid pressure, and.episodic'
crack~sea1 events may be optimum cenditiOQS- to form high
ore grade bodies such as the QFV The crackfseal'nechanism
is prcbably the’ trigger necessary _for unmixing ‘of a
hydrcthermal ore fluid that is sensjitive to sllght ;ressure
variations, whereby its chemical state might be“altered and'
ore-complexes destabilized. |

| This research has also shown thaf a lead isctoce
study alone might be meaningless and nct sufficient.to
define a unique ore source in the case of Archean lade gcid
deposits The reason is ‘that various lead source reservolrs
in tpe -Archean_ may -not have developed significantly
difﬁerent U-Pb catlos. Lead 1isotope inuestigations should
be integrated’ in the comclete'geclogical framewo;klthat can
be defined fde~an ore body. It is only in such a cbnfexe
that lead:ﬁsotcpes may perm%t a 'genetic link between af
given mineraiizaticn ) and giuen liuhoicgies to  be

ascertained.
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From a methodologidal point of view, this study has

pointed out that the presence of gold mineralization within
a sheaf or fault zone does not necessa;ily imply that the
latter controlled the mineralization. It must Se recognizéd
whether vein material precipitatién and .deformatlon are
processes that took place independently in,fime, or 1f both

are essentialy coincident in time. Gold is often thought to

be one" of the Jlatgsf phases that precipitate in the

LS

paragenetic'seahence qf'a mineralized vein. ?his conclusion
would be reachéd for the QFvV, lif~ the sequence of
preéibitation-and.deformation was not fu}1§ understodd. The
occurrence of gold, and other ductile minérals such as
galéna, along fractures ahd quaréz_gfain boundaries jis a
natural consequéncéi':of -deformation that may fdllow
deposition ® the ﬁgin. &qteri§11“lThué, the common

. ' ) ¥ .
description of "late" .gold in Archeqn ore-bearing veins

should be used caut;ously, barticularly where the‘niming of

. . . [ )
ore deposition and deformation is not known with certainty.

Lo : .
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APPENDIX I

CONOLLY CONTOUR DIAGRAM

A detailed description on the constructicn and the
use of Conolly contour diagrams can be found Iin Conolly .
(1936), Garnett (1966),“Tay10r (1966), and Schwartz (1986).
Thé method of construction is presented in figure I-1.

This graphical méthod consists of selecting an
arbitrary reference plane, which is placed behind the lod{jﬁi}
to be' contoured. The attitude -of the reference plane
approximates the average strike and dip of the vein.
Measurements of the horizoﬁtal. distance between the plane
and the lbde éf set intervals are transferred as raw data
to fheir corresponding positions on é‘ vertical préjection
plane, which 1is placed in E;ont of the lode. Hence, when
‘locking at the projection plane from the front, the vein is
located 'between the projection plane "and the referebcé
" plane. The figure on the prdjection' plane, when céntoured,
presents a visual picture of the shape of the lode. The
result \is akin‘ to 'a topographical map showing .suqh

structural ? trends as changes in slopes, T'"crests”", and

-
~

"valleys™", : *
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Figure 1-1.. Method of constructing the Conolly contour
diagram. S5ee text for explanation. '
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. APPENDIX II

ANALYTICAL ERRORS

IT.1. XRF analvsis
Replicate analyses of different pellets of the same

sampie were _carried out to evaluate the precision of the
data. Analytical results'fdr—the three ‘main roék_ types run
in triplicéte 'for major Sﬁd somé trace elements are given
in tables II-1 and II-2. The coefficient of variation for
most oxides ‘falls within thé acceptabfé range of 0.5% tol
5'.‘09;._ suggested by Shaw (1963) (Table II-1). The exceptions
are sz -qnd 9205 for'the carbonate rocks, and MnC and P,0g
for fhe slate. The brecision of - Naj0 éannot" be exéreSsed
for the carbonate rocks due to abundanceé%bélow the limit
of détection (see below{. Trace elements have coeéfiéient.
of variations‘iying belbﬁ 15% as recommended by Shaw (1969)
(TabléVII-Z); Exceptipns to that are Nb andiCh.

Accuracy of analyses .was -evaluaéed by analyzing

standard samples of known " composition. Standard rocks -

.analyzed are: SCo-1, JB~-1, JG-1, PCC-1, NIM—P, NIM;N,

NIM-D, Mica-Fe, and Mica-Mg. There is a good agregment

between most of the results obtained in the course oﬁ_the
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Fuchsite-bearing carbonate rocks #12507

{ 2 3 Hean 5D vy~
§i02 30.57  20.31 30,57  30.48  0.12  0.40
AL203 4.55 438 44 446 0.7 1.52
Fe203 16,66 16.39  16.54 16,53 0.11  0.67
Ng0 .33 .12 3356 3360 040 1,20
Cad 135 12.75 13.06 1299 0.7 133
Na20 0,24  <0.20  <0.20 - - -
K20 0.92 1,100 0,95  0.99  0.08  7.87
Til2 0,41  0.44 041 042 001 .29
Kl 0,30 0.30 0.30 0,30 - -
p205 0.07  0.10 012 010 0.02  18.71

Total 100.00 100,00 100,00

Carbonate reck: #12530

1 2 2 Hean 51 v
5i02 .22 4403 W43 @I 012 . 0.2
A1203 6.94  6.87  7.00 694  0.05 ' 0.78
Fe203 1L.82 - 1.55 1148 1LSE 0.03 0.2

“Mg0 29,26 29.30  29.23 2933 0.12 0,40
Cad L2 LW T L2000 005 0
Na20 0,200 €0.20 - ¢0.20 - - -
K20 €0.05  <0.05 - 0,09 - - -
Ti02 0.31 031 0.3 0,31 - -
Nn0 0.4 0,25 0.23 0.2 0.01 - 4.54

- P203 0.17 047 019 018 - 0,00 3,54

Total 100.00 100,00 100.00

: Slate: #12534
1 2 3 ¢ Hean St vyl

iz . £7.9% 67.99 67.87 67.94 0,05 0.08
AL203 © 16,38 16,50  16.44 16,51  0.06 0,34
Fe203 .37 . 633 647 539 006 0.95
Hg0 48 278 285 483 0.4 130
Cad . 0.23 0.2 0.23  0.23 - -

Na20 .64 2,79 261 268 007 2.6]
K20 - 260 262 275 266 0.06 2,40
Tig2 0.62  0.82  0.66 0,63  0.02°  3.07
Mnd 0.06  0.86 0,05  0.06 0,005 8,32
P05 0.08 0,09  0.67 0,08 0.01 10,21

Total 160,00 100,00 100,00

Tabie [1-1. Precision of aajor elements based on triplicate
‘ analyses of tvo carbonate rock samples and one
slate sampie from the Dome Mine.

<Dh: one standard deviation.
CV %: coefficient of variation.



Rb
Sr

Ir
Nb
Ni

' - Cr

In .

Cu
Ph

&b
Sr

Ir
Nb
C i
Cr

I
Cu

P

Rb
Sr

ir
Kb
Ni
Cr
In

Cu
Pb

21
291
13
2

1330
2220
113
39

i0

|
I3
47
17
37
{2
674
1420
64
3
17
9

IF:

86 -

21
136

1
141
126

73

£

2

2 3 Hean
20 18 20
., 288 298 292
It 12 12
23 28 27
2 5 4
336 1320 1329
2170 2180 2190
113 118 115
| &3 54
3 3 4
il 12 I
Fuchsite-bearing carbonate
2 3 - Hean
4 16 15
479 476 476
17 17 17
K] 30 .38
4 4 -
637 673 &68
1430 1430 1427
63 b4
a3 . 46 45
17 16 17
g g |
Slate: #12524
2 3 Hean
70 89 . 70
9 93 90
25 24 23
181 164 160
9 3 7
78 77
142 143 143
125 122 123
a1 74 77
27 23 23
18 15

Carbonate rock: 412506

B4 -

18

saaple fros the Dome Nime,

5Ds one standard deviation.
LV I coefficient of variation.

All data in ppa.

5.
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{
]
1
!
{
-7

22
I
3
1
H

i
&.34
1,43
6.80
4.68
34.02
0.50
0.99
1.09
8.65
21.7%
7.42

rock: $12523

5D

=4
- .
;.ﬂf-ﬂﬂ"ll'-ﬂmml"‘lhjl—-

L=

v 1
.44
0.43

2.15

1.17

0.33-

0.73
12,42
2.83
3.6

1
.77
3.27
7.28
2.06
25.30
4.10
1.19
1.99
4,03
6.89

13.61

Table [1-2, Precision of some frace elements based on triplicate
analyses of twe carbonate rock samples and one slate
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- 8102

41203
Fe203
Mgl
Cal
Na20
K20
Ti0Z2
Hn0
p205

Total

Rb
Sr

Ir |
Nb
Ni
Cr

In
Cu
Ph

5102
Al203
. Fe203
Hol
Cad
Na20
K20
Tigz
Hn0

- p20g

Total

Rb
Sr
Y

ir
b
Ni
Cr
v

In
Cu
Pb

S€o-1
1 2
68,36 67,91
13.03 14,68
J.6b 5.5
2.98 2.96
2.91 2,83
0,97 1.02
.97 3,02
0.64 0.66
0.08 0,05
0.23 0.24
100.0¢  100.00
NIN-P
1 t
52.37 326!
407 T 43
13.43  13.08
26.40  26.3%5
2,74 2.68
0.36 0.46
0.11 0.09
021" 0,19
0.28 0,20
0.03 - 0.02
100,00 100,00
7 3
K KK
8
34 8
K 0.4
8

{
52.83
14.58

B8.94
1.9
.32
3.02
1.36
1.30
0.16
0,28
100.00

139
3%
222

79

60

31.28
419
12.80
23.42
2.67
0.37
.0.09
.20
0.22
.02
100.00

32

20

JB-1
2 1
13.32 7377
14.85 14,46
917 1.94
7,90 0.26
.49 1,98
2.85  2.95
145 4,29
.37 o
0.16 0,06
0.21  0.09

100.00 100,00
139
405
11
84
56
NIN-N
1 2
5 - 8 6
254 260
8 7
W73
2 2

J6-1
1 2
12232 LTS
1437 1429

213 215
0.73 074
2,20 219
.69 3.4t

4,08 3.97

0.28 0.2

0.07  0.06

0.12  0.10

100.00 100,00

8 6

59 53

2 2

!4

4 1.5

NI¥-D

12

1 -

3 3

5 -

27 20

0.3 -

5 7

PCC-{
1 {
44,02 44,39
0.69 0.81
8.7¢ B.83
465.56 45,45
0.70 0.50
0.03 0.05
0.04 0.01
0.01 0.01
0.13 0.13
0.01 0.01
100,00 100,00
2430
2810
27
43
9
Mica-Fe
1 2
S 3517 3.
20,06 20,00
26,36 26.31
4.§6 4.67
0.39 0.44
0.45 0,31
9.27 8.97
2,61 2,56
0.33 0.3
0.49 0.45
100,00 100,00

4.2
0.78
8.82

45,60 -

0.34
0.0

0.004 -

0.02
0.13
0.002
100.00

2339
2130
30
36
1.3

253 |

Mica-Mg

I
39.96

16.08 -

10.04
21.28
0.05
0.16
10.49

(71

0.23
0.01
100.90

Table I1-3. Acruruc; af dajor and selected trace element deberminations of reference stindards,
i present study, 2: Eov1ndaraJu (1984%

10.26

2
39.28
13.33

9.70
20,92
0.08
0.12

.67 -

0:27.

0.01
100,00



Fusion pellets

(major elements)

S5io2
A1203
Fe 203
MgO
Ca0
Naz20
K20
Tio2
MnoO
P205

(oo ieleleNeNolole

wt%
. 25
.10
.10
.10
.10
.20
.10
.01
.05
.01

‘Powder pellets
{trace elements)

o
3

A WWMNOWNWMN ;T

Rb
Sr
ar
Nb
Ni
Cr
v 1
an
Cu
Pb

[

Table II-4. Lower detection limit of XRF

for major and trace elements.

- (0.Murdoch, pers. communication, 1985).
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present study ‘ and the concentrations proposed or
recommended by Govindéraju (1984) "(Table II-3).

The lower detection limits for méjor elements and
selected trace glements.are listed in table 1II-4. These

values are specific for the XRF equipment used in the

present stuady. -

IT.2. Instrumental NAJ
| Duplicate.analyses of different aliguots éf the
same sample were carfied out to -avaluate the
re_pi-&ducibili'ty of Ru, As, Sb, and REE. Results dte 1isted i
in tables II-5A and_ II-6A. Reproducibility is good for As
and.Sb. Precision is poor f&r the REE at the low aSundanqe
levels present in the carbonate rocks from the Dome Mine,
and in'pgrticular for the mineral separates_from the -QFV
(Téble II-6A). If the rock standard STM:I is used as an
unknown sample, it is recoghized that Et hiéher REE:
concentrations the ééproducibility 'is much better (Table
iI—GB). Inhomogeneous Au'diétribution in thé'same Sample is
indicated by the Iarge variations that exist between some
of the duplicate fnalyses (Table:II~5A). | !
Accuracy was estimated by ‘ analyzing the rock
standards 'SGR-1 and SCo-1 for Au, As, and Sb; and STM-1 fof
REE- and comparing them to Vvalues 'from the literature
(Tables II-5B and II~SB).~ There is 2 very goed agreemént

for As and REE. Sb is systematically higher in anaiyses
ey,

Q*
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12306

17002eFU 120196CHL

H R J 7 i ”,
La N} N 007 02 KD 0.44
Ce SAL- N 043 L1300 N Q.1
Nd 441 038 N 13t 256 3.82
Sn 0.3 025 0.21 016 N 0.2
Eu 0.1I5 022 020 - 0.47 005  0.25
Th. 0,08  ND 0.2 019  0.04  0.19
Ta 0.49 019 014" 0.6 - WD ND
Yb 0.65 0,29 0.0 . 055 018 0.%
by’ 0.06 .- 0.11 " 0.40 0,04  0.04 0,17

Table 11-6A, Duplicate analyses for lov REE-content rock material,

. KD: not debected, All Wata in ppm. 17002CFU: fuchsite banding.

120196CHL: chiorite banding. 12506: carbonate wall rock.

4

\ ,
. A .

: 1 ” \\33 - Ref.
La 153 160 153 150
Ce 259 251 253 260
Nd 90 73 18 78
Sa, W “ . 3
B 6 13 36 3.7
Th 2.7 28 25 1.6
s — .24 3.4 3.0‘\

Yb 4.0 4,3 40 % 4.3
Lu 0.7 Lo . 07

\\
\

Table 11-6B. Replicate analyses of tﬁe STH-1 standaro for REE
compared to REE-concentratiens reconmended in the literature,
Reference: Govindaraju (1954). All data in ppA.
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from the present study. Au  shows highly discrepant
concentrations between measurements in the present study
and abundances obtained previously by other -authors.
Moreover, reproducibility between each set of Au-analyses
is very poor. Au-concentrations obtained in ‘the present

o
study are{ considered to be unreliable, and were not used.
Discussion of the distribution of gold in the QFV-

environment is based on mnck sample analyses-provided by

the Dome Mine Geology Department.
.’ h '

1
w

- II.3. Leld isotope analysis

‘Reproducibility of lead isotopes '?3??3§"‘13~¥ery

good for galenas (see duplicate analyses in table 8-4), and

‘acceptable for- whole rocks (Table 8-2). Replicate analyses

of the standard NBS SRM 981 obtained in the course of the

entire study are in good agreement’ with the recommended A

- value for A NBS SRM 981 (Table II—7) thus 1nd1ca§<\? a good

accuracy of the Pb isotopic measurements
The two main: arrors that affect 1lead isotope
analyseS'areﬂ mass depéndent- isotopic fractionation in the .

mass spectrometer and the uncertainty in measurement of the

- least abundant isotope, 204Pb Both errors yield theoretical

erraor. 11nes in a ‘07Pb/204pb Vs 206Pb/zqub diagram (Doe et

:

al:, 19646);. ‘which have slopes of 1.37 \forr mass

1fractionation and 0.91 for inaccuracy -in 204Pb measurement.
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Date 206Pb 207Pb 20%Pb
204Pb 204Pb 204Pb

- 01/08/87 16.907 15,459 36.598
01/08/87 16.859 15.403 ' 36.428
04/01/87 16.920 15.475 36.627

04/01/87 - 16.933  15.49 6.693
04/20/87 . 16.898 15.460~36.558 -
04/20/87  16.918 y 15.480. 36.622 - ;

- 04/20/87 16.929  15.486 36.662

07/31/87 15.465 36.606
.07/31/87 15,490  36.661 .
09/09/87 15.483 36N§?%T;vj\~
09/0%/87 . 15.429  36.4%

’ 08/09/87 15.458  36.%49 .

Recommended value: .
16.937 15.461 36.721

Y . )
Table II-7. Lead isotope compositions obtained in the
present study for the standard NBS SRM 981.

Ionization teook place at 1240,deg¥ees‘c. -

.
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Figure II-1. Experimental error line defined by replicate
analyses bf the standard NBS SRM 981, N
Small black dots: measurement of NBS SRM 981 in the
present study. ‘ '
Open star: recommended lead isotope composition of fhé

-standard NBS SRM 981,
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The replicate analyses of NBS SRM 981 also define an array
in a 207pp/208pp ys  206pp;204py giagram (Fig. II-1). This
"error' line"” ‘has a slope of 1.08, which is intermediate
between the two theoretical error lines, thus indicating
that lead isotope measurements have been affected more or
less equally by‘both analytical errors. Roth errors explain
the'spread found in galena compositions in figure 8-2.

All data have been corrected for mass isotopic
fractionation using the following procedure: !
ccrfected compesition=(measured composition)/(1-F x n/l00),
where F corresponds to the percentage of fractionation per.
atomic mass unit, and n to fhe mass spread of the ratio
which is considered in the corfection 'brocedure, for
instance for the‘zoanfzoqpb ratio n=4. Tﬁe percentage of
fractionation per atomic _méss unit can be deduced from
compariscp pefween ‘the measured and thplrecdmmegded\lead
composifion of the standard. In the preseﬁt study this was
found to be 0.06% in the average. |

+ .

IT.4. Fluid inclusion microthermometry

The operation of  the U.S. Gedlﬁgical Survey gqs—i
flow heating-freezing stage, devige used in the present
research are described in detail by Woods et al. (1981) ‘and
Roedder (1984, chap.7). Measurements of temperature are

carried out witn a thermocoéple that rests directly on the

s
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sample under study. The thermocouple is attached to a
trendicator which indicates the value of the temperature.

The temperature scale has " been adjusted following
the two 'procedures suggested by the instruction manual
provided by~f1uid Inc. System. These are:

1) The thermocouple attached- to a thermometer has been
immerged into an ice bath. When the temperature stabilizea
at 0.0°C, the trendicator was set to read this temperature
as well,

2) Apﬁ?oximately 3 1bs of triply d}stilled mercu;j

| contained in é sealed 125 ml wash bottle were placed into

an empty 1-2 liter insulated dewar. The thermocouple wds
inserted all the way into the straw protruding from the
wash bottle. . Liquid Ny was poured into the dewar until the
trendicator indicated approxiﬁéteiy ‘-500C. At this
temperature the. mercPry ;was frozen. Temperature slowly
Increased until it reached the invariant melting point of
meréury at -38.99C. The trendicator was then Set to yieﬁé&__}
the mercury melting temperature. '

Points 1 and 2 were alternatively repeated until
both témperatures g.00C agd 438.9°C’were obtained'without
having to make' any '~ further 'édjustments. Tﬁis scalé.
adjustment was carried out evefy time when the thermoccuple
‘was changed, or when the powér'of the trendicator was shut

off.
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Accuracy of teﬁperature measurements was evaluated
by using "home-made" standards and with synthetic fluid
inclusions purchased from Fluid Inc. System. The type of
synthetic £fluid inclu;ions used in the present study is
described by Sterner and Bodnar (1984). Four types of
inclusions are suggested to be used as reliable standards,
since they exhibit phase transitions that are sufficiently
-uniform throughout the sample:
1) Melting of solid COp in Hy0-CO, inclusions, containing
25 mole % CO,, that occars at —56.60C.
2) Final melting of ice in 10 wt% NaCl agueous inclusiops,
which occurs at -6.60°C.
3) Melting of ice in pure aqueous inclusions,‘ which'taKés

place at 0.0°cC. ™

*

4) Homdgeni?ation of pure aguecus 1inclusions to the
critiéal temperature whcih occurs at 3?4.10C.
"Home-made" standards were prepared according to
thé' sealed g: s capillary method described by Roedder
(1984, pp.204-206). The 1lijuids and 50lids used in the
‘present study as standards were selected among the
materials Suggéstgd by Roeddér - (1984, table  7-~4, pp.208-
210). These‘ are: n—hexéne_ (melﬁlng point:-9%.00C), on-
heptane (—SO.GOC), n—decane (;29.7°C), trip%e distilléd HZO
(0.09C), azobenzene (+68.00C), sulfur (+112.80C), sodlum

‘nitrate (+306.80C), and tellurium (+449.50C).

-1
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Mel@ing temperatures were repeatedly measured in
the course af the present study. All phase transitions were
measured on the heating cycle, at a heating réle less than
2°C/minuté,_ and wﬁen - possible at - 0.59C/minute. The
differences between melting points given in the.literature
and melting temeperatures obtained in the present study are
represented in figure II1-2. The agreement between
recommended melting temperatures and ' temperatures measured
herein is very good at freezing tgmperatures._ The'
- difference between both expérimental and recommended
temperatures is iess than 10C, in particular in the range
Of 00 to -56.60C it is less than 0.5°C. The largest
QIscrepancy is obtainéd-for azobenzene and sulfur at +680C
and +112.80C. Af high temperatures over 3000C the'agreemen;
is within 20C, which is also acceptable. The temperature
.discrgpancy for both azobenzene and sglfur may \be‘
attributgg to impurfties in the standards, gmall therﬁéiij
gradients, MOistﬁre in thea sampié.u Thus, temperature of
phase' changeq obtained on ‘the sampies from the va are

reported without ahY-EEEEEEtiOH-

- Y
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. Fligure II-2. Temperature difference between theoretical
melting temperatures and measured meltiing temperatures of
selected standard solutions.

SFI: synthetic fluid inclusion.
AT =T

 “theoretical - Tmeasured' -, \

-
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AT

A +7.0>
+ 3 6
*2] ?' +6.7 {
+*1+ AqB G
0~ - ;ﬂ_ _I..r!: _________________________
["5F
-1 C
-65 I
~ 2 H I v
' : -68
| [ l T ] T ]
400_ 0 ) +100  +200 +300 +400  +500

" Ttheoreticat [ €l

: n-hexane

A F: pure H,0 (SFI)

B: n-heptane G:'azobenzene

. C: melting of pure \ H: sulfur
C0, in SFI with |: sodium nitrate
H0-25mole % £0, J: tellurium

D: n-decane , .

E: H,0-10 wt % Naﬂ (SFI)

~—

O




Date Melting point [9C]

02/21/86 -86.5
02/21/86 -56.5
03/09/8¢6 -56.6
03/09/86 -56.5
04/13/86 -56.8
04/13/86 ~56.7
04/17/86 -56.8
04/17/86 -56.6
07/11/86 -56.8
07/11/86 -56.7
08/27/86 -57.0
08/27/86 -56.8
08/2?;86 -56.8

Table II-&ﬂereplicate measurements

of pure CO, in

synthetic inclusions.

should occur at -56.8 oC.

WWWLWWWWWwNoN - WW
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Operator

of melting temperature
Melting of pure €O,

Date Melting point [©C] Operator
02/12/86 0.0 P 3
03/11/86 0.0 gS 1
03/11/86 g.o ' 1
03/12/86 0.1 1
03/12/86 0.1 1
" 04/09/86 0.0 2 ;
04/20/86 0.0 2
08/27/86 * . 0.0 3 \
08/27/86 0.0 3 .
Table II-8B. Replicate measurements of melting temperature
. 0f pure Hy,O in synthetic inclusions and ‘"home-made”
standards. Melting of pure H,0 should occur at 0.0 ©C.. »

Operators are: 1 - J.Inman. 2 - B. McInnes. 3 - R.Moritz.
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Date Melting point [OC] Operator

03/15/86 375.5 1

03/15/86 375.2 1

03/16/86 375.1 3.

03/16/86 375.2 3

03/16/86 375.3 3

03/16/886 375.4 3

03/16/86 375.5 3

03/16/86 . .375.4 3

03/16/86 375.4 3

03/16/86 375.7 3

03/16/86 375.7 3 !

03/16/86 375.8 3 -
Tab e I1-9, Replicate measurements of critical

homdBenization phenomena of pure H,0 inclusions.
. Theoretically, critical homogenization of -Hp0 should -take

place at 374.10cC, ~ o )

Operators are : 1 - J.Inman. 3 - R.Moritz.
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Precision of measurements has been estimated by

268

repeated runs gf threegsynthetic fluid inclusions obtained’
from Fluid Inc: System, and described by Staner and Bodnar\
(1984). Replicate melting tempe;ature measurements of €O,
and Hp0, and 'critibal homogeniéation. temperatures are
listed. in tables II-8 and IT-9. It appears that resuits are,
reproducible i}thin £0.39C from -600 up to about +400°C.

¢

2638
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APPENDIX ITI

LEAD HQDEL'CALCULATIONS.

d

and *

{II.1. Copstdnts and symbols used in the Pb-Pb ay
o] calc tions ) ‘
Constants anq'symbols are listed in table III.1\ It

must be -noted that coﬂétgnts vary/ from one Iead evolutfion

model to the other., The sing&e—stage model that im lies
constant uan;fG;E;t;;fproduétion of tadioéenic led since
the earth was formed" sets tZ; start of the evolution of any

radlogenic component at 4, 55 % 109 'years. the age of the
Earth (Patterson, 1956), fand uses the primeval lead isptopé
ratios of the Ear?h (Tatsumuto et al., 1373) to model any

o

Eradiogenic 1ead evoluthn: Whereas S&acey and Kramers
(1975) suggested that 3.7x10°2 ye€ars ago the U/Pb ratio of
the source ‘reservoir _wa§ drastiéallg modified by
geochemical differentiation, thus setting a new starting
time and new initial lead iscotope ratios feor the moaéling
of radioaéﬂic lead.-Rec tly. Thorpe (1982) proposed on the
basis of 1lead minerals assoc1ated w1th Superlor Province
_Syngenetic and syn-volcanic deposits a source age of 4.06 x
109 years (), with initial 205pb/2°4pb and 207pp,204pp,
ratlos whlch are respectlvely 10. 242 and 11.9555. !

~ .
Rt



» SYMBOL MEANING N VALUE REF .

Ry Decay constant for 238y . 1.85125 x 10-10/year 1

Ap— Decay constant for 235y 9.8485 x 10_10/year 1

k Present 2380/2350‘rat;9  137.88
u Present 238U/?Oqu ;atio .vaFiable
| ag ' Primeval®206pp,204py g 397 | 2
. by Priméval 207py/204p, 10.294 . . 2
T . Age of the ear?h " 4.55 x 10%ears 3
+ T' ' Date of éedchemical | . 3.7 x iO?ygars

- differentiation in
Stacey's and Kramers'
model (1.975)

a'  Initial 206pp,204py 13 q53
in Stacey's and R ‘ .
-  Kramers' model (1975%) . ' f
bt Initial 207pp,204py 12998

in Stacey's and
Kramers' madel (197%)

T Date of source age in " 2.06 x 10%years
in Thorpe's model (1982) ~
a® ° Initial 206pp,204py 10.242
in Thorpe's model (1982)
b* Initial 207pp,204py 11.9556 -
in Thorpe's model {1982)
m . slope of a secondary ' ﬂ i
iscchron: - (/ﬂ
, i intercept of a secopdar
_ isochron and the 5°9pb/%°4pb
/‘ . axis L

Table IIT-1. ‘Constants and symbols used in the Pb-Ph age
and-model calculations. Ref.: 1 - Steiger and Jager, 1977.
2 - Tatsumoto et al., 1973. 3 - Patterson, 1956,

N -
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ITI.2. Calqulation cf the seEondarv isochron fitting the

distribution of the léad isotope ratics of the

ggrpbg;;es-agd the éiates |

If a sample of  Pb passed through two U-bearing
systems characterized by différgnt 238U/zqub ratios (uy

and pup), then the 206pp;204ph apg 207pL,204py ratigs of

that sample are 4.
: MT Aty At; Aty
(296Pb1204Pb) = a4 t.ujle - e }o+ ugp(e - @ )
' | | (ITI.1.)
: }\'2'1' }\ztl N
(207pp/208pp) <o) + (uy/kite ° - e )+
(uy/k) (e - e ) (IIX.2.)

whereltl is the time when Pb was removed from system 1 and
transferred to-system 2, and t, 1is the time when Pb was
removed from"system 2 after whichaits isotopic_composition
remained constaqt. t, = 0, ,since Pb evolution continues dp_

to the present, when the isotopic compoéition is

.determined. T that correéponds 'to the -Single—Stage,model,

can be exchanged with T' or T depending on the model which
. ! ' -

is preferred. Moreover, we.simplify the initial first stage

component of 'equations III.1. and III.2. with A and B

respectively. Thus, we obtain
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At :
1t
(208pp/208pb) = A + y,(e - 1) (III.3.)
Aty
(207pu/209pp) = B + (uy/k) (e - 1) (I11I.4.)
e
Both equations can be combined to eliminate Ho
Aot
207py, ;204 - 271 _
o _ep/%pp) -3 1 e 1) (111.5. )
m - A1tq
(208pp,204ph) - p k (e - 1)

This is the equation of a family of straight lines passing

through a point with A and B as coordinates, and whose
slopes are givenlby : °
Apty
1 (e - 1) (IIXI.6.)
TR

k (e . - l)

In other words, a two—stage Pb lies on a secondary isochron
that passes through a poxnt on the growth curve of system 1

and whg;

during which' the lead resided in

-slppe depends only on the interval of time t1-to

system 2. In the present

case, t)-t,= 2.685 x 102 years. This latter value and

equation III.6. were used to ‘calculate the slope of the

secondary isdchron fittiné‘ the distribution of the lead

isotopicfcombOSition from the porphyries and the slates,

This slope has a value of 0.1835.

o~
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ITI.3.Calculation of the y value of the source reservaoir

of the porphvries

The 206pp/20%py and 207pp/20%ph  ratios of the

porphyry and slate samples 1lying along the secondary

isochron are related to each other by an equation in the

form of : :> ¢

(207pp/204pp) = 1 + m (206py,204py, (II1.7.)

e,

- The lead isotope raties of the porphyry and slate

& samples and the slope m can be used to determine i...The

average valde_ obtained for i is 12.029. Thus( i represents
the intercept between the seCondafy isochréon and the
207pp/204py ayis, . |

) Thé .2.685 x!’log- yeérs 'iéochr;n, the'secondafy
1soéhron with a slope m = 0.1835 and the growtht curve of
the po;phyryrsource reservoir must have a common interdept.
If the_lead in the source reservoir of the porphyfies had a
single"stage history before it was inc;rporated in the

- -1 - N .
intrusions, then its isotopic composition can be written as

follows:
L NT O Xt . -
206pp/208pp = 3 + y (e 1 - 1, (ITI.8.)
g AT ALt
207pp/20%pp = b + (u/k) e 2 - 2 ) (I11.9.)
<t .
D w
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4 - .
We can use equations IIl.7., IIT.8. and III.9. to determine
the n; value of this reserveoir. It has to be noted that a,
b, and T can be the primordial barameters of any of the
models presented in parF III.1. Equations IIT.9. and III.7.
can be combined in the form of

L AT Aot
2 2
i+ m (208pp/208pp). = b 4 (u/k) (e © - e 2 (II1.10.)

Equations III.8. and III.10. in turn can be combined as
follows :

AT Aqt Agt  Agt
i+mia+qu (e - e J1 =Db + {(u/k) (e - e )

(III.11.)

K] can be obtained from this 3atter equation III.11., since

1 remains as the sole unknown.

IIT.4. Calculation of the time of addition of radiogenic

lead to the qalénas from the Quartz-Fuchsite vein

This type of calculation is_;imilar to the one for
the fitting of the secondary porphyry isochron. -The
difﬁé;ence is that lead evolution_stoppedlin time,'since no
radiogénic leédAcould from in galenas. |

The_lline that fits the dist;ibution ‘of the

aﬁomalpns galenas has a slope of 0.33. Following an



ldentical demonstration

be expressed by:

t, represents the time

accumulate, and ts the

275

as in point III.2., the slope can

(III.12.)

when radiogenic lead started to

time when this radiogenic lead was

added to an eariier formed sulfide.

~-"



APPENDIX IV

CHEMICAL ANALYSES OF CARBONATE ROCKS

Analyses are given in weight % for the major
elemeﬁts in ppm for the trace elements, and ppb for Ir.
All analyses are by XFF unless stated otherwise - (NAA,
RNAA) . 'Rocks” are: carb -~ carbonate rock, HA - highly
. altered (carbonate rock rich in fuchsite), kom - komatiite,
Eand talcéch - éalc schiste. ND: not detected, blank:

?élement was not analysed for this particular sample.

-
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- §i02
A1203
Fe203

Mgl
Cal0

Na20

K20

Tid2

L]

P203

Loi

TOTAL

02

Rb
8r

Ir

Ba
Th
Hf
(s
Ta

Ni
Ni
Cr
Cr
5c

Ph
In
Cu

Au
As
b
Ir

La
e
Nd

© Sm

Eu
Th
Tn
Yb
Lu

Wb

(NAA)
(NAA)
(NAA)
(NAA)
(NAA)

{NAA}

(NAA) -

(NAA)

{NAA)
(NAA)
{NAA)
(RNAA)

(NAN)
(NAA)

(NA) -

(NAR)
(NAA)
(NAA)
(NAA)
(NAA)
(NAA)

o335

-

606
Garb
22.26
2.99
" 6.14
23.39
13.12
€0.20
{0.10
0.16
0.16
0.01
32,25

100

0.04

(5
494
9
38

2
22
ND
0.2
ND
0.2

1376
1151
1658
1303
17
33

{6
27
3

0.80
1,39

ND
0.33
0.23
.08

NO
0.52

0,93

8018

Koa
43.05
5.29
11.42
25.30
8.47
0,20
0,10
0.39
6. 14
0.03
5.87

100

0.91
0.0

3

19
9

1323
1148
2370

- 3263

‘34
33

<&
100
34

L2
1,94
2.00
0.78
0.35
0,21

ND
0.59
0.10

807
Kon
43.15
4,43
9.89
29,99
4,72
£0.20
0,10
0,32
0.13
0.07
T.135
100

0.22
0.06

&
I3
9
37
4

1
ND
0.8
0.4
ND

1331
1625
2460
2298
28"
124

g

49
19

32
47

b
2.98

0.74
1,60 -
N0
0.55
0,24
"D
ND
0.72
0,10

80026
Carb
28.80
9.88
9.94
18.26
10,62
{0.20
0.17
0.53
0, 5=
0.01
21.45
100

16.06

6]
195
14
39
q.

82

783

192

24
133
]

B006HaA
Carb

14.59°

8.693
9.05
20.64
17.14

0,20

0.19
0.40
0.23
0.01
28.99

100

25.38

500
12

137
27

110
14

8010A
Carb
.78
3.70
9.01
19.97
11.64
0,20
0.17
0.25
0.20
0.17
21.05/
100

17.08

"3
213
11
25

1]
0.1
0.2

ND
0.3

1ot
1330
2518
2046

29

3

16
a3
10

141
1482

ND
2.89
" ND
0.60
.50
0,21
]
0.67
0.12,

10015¢C
Carb

. 28.64 .

9.33
15.50
20.77

7.33
{0.20
{0.10

0.5

0.13

0,02

17,70
100

16.29
1.93

(5
33
12
43
(@
46
KD
0.7
)
0.2

- 523
347
3200
2616
61
176

7
83
132

182
238

120088
Carh
31.81
4.47
7.83
16,01
14.22
€0.20
0,10
0.29
0.26
0.02
25,02
100

18,84
0.03

&
399
9
1
4

22
KD

0.4

D

0.3

840
1066
2070
2011

2

120

2
a8
3

150

1812
t3

ND

120080
Talcsch
2.7
4.36
7.99
19.51
11.60
£0.20
{0.10
0.23
0.15
0.02
23.24
100

20.41
0.03

4]
390
9

-

19

3
9
HD

0.5 ..

0.4
2.5

766

813
1790
1626

27

- 97

k]
40
22

.53

ND
.49
.81
0.13

" ND
0.34
0,07

f060
93t
2143

1863

26
33

31
13

73
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5i02
A1203
Fe203

Hgl
Cal

Na20

K20

Tig2

Nnf

P203

i

TOTAL

£02

Rb
Sr

ir

Kb
Ba
Th
Hf
Cs
Ta

Ni

Ni

ity

Cr
5c

Ph

in

Tu

Au
s
Sk
Ir

La
Ce
Hd
Sm
Eu
Th

Ta

H

Lu

(NAA)
(NAA)
(NAR)
(NAA)
(HAA)

(NAA)

{NAA)
(NAA)

{NAA}
(NAA)

‘(RAA)

(RHAA)

{NAA)
(N&AY -

(NAA)
(HAA)
(NAA)
(HA&)

KAA)

{NaA)
(NAK)

12504
HA
34.30
4.31
9.83
18.61
7.34
0.28
0.15
0.26
0.16
0.07
24.70
100

, 22,86

0.04

3
430

KH
{2

ND

ol
.

CND
0.3

230

13-

2952
1968
30
129

63
12

ol
XK

1,48

12506
HA
27.48
2.97
8.2
22.88
6.23
0.48
0.74
0.17
0,13

0.06 °

30.34
160

30.13
0.05

18
330
12
27
{2
g2

ND _

0.3
0.7
0.6

1329
1446
2190
1356
20
]

11

BE|

07t

ND

hli

0.32

.05

12507
HA
20,58
3.0
11.16
22.69
8.77
{0.20
0.67
0.29
0.20
0.07

- 32.47

(o

33.29
0.03

19
473
10
36
Q2
38
ND
0.4
0.3
0.4

380
1242
2550
1924

.26

144

ie
&8
i

a1
744
17

12508
HA
30.27
3.28
10.33
20.00
1.50
0.33
0.22
0.22
0.13
0.06
27.63
100

27.00
0.03

61 -

1425
13

12321
HA
31.03
5.6
10.07
14,53
14.03

0.32 .

0.20
0,32
0.20
0.03
24.09
100

23.03
0.06

677
829
2070
1863
3t
143

185
1140

|

12523 12526
HA HA
7.2 31.54
1.9%  6.05
B.00 10,25
14,03 22.89
17.86 3,74
0.20 0.2
0.5 0,14
0,19  0.22
0,33 0.18
0.01 015
29.66  24.65
100 £00
-30.70 2.3
0,23 0.03
{5 (s
558 186
15 11

18 23

3 2

27 ND

ND ND
0.1 0.7
0.2 ND
0.5 0.2
668 1073
763 945
1427 . 3257
1421 2260
2% 23

84 206

8 10

46 63

17 14
7' %
1071 10
S |
1,94

0.7

1.78

ND

0,53

0.1

0.20

NG

0.9

0.13

12527
HA
35,352
N]
9.3
19.33
6.63

0.20

0.15
0.28
0.13

0.09 .

22,90
100

21.20
0.05

895
- 816
2520
1389
30
147

10
43
13
L
113
12

0.42
1,43
A

0.42

0,27
3.16
4D
0.7
0,13

12528
HA
35.21
4,90
9.60
21.93
3.05
0,20
0.23
0.30
017
0.03
24,51
{00

22.83
0.03

a2
1822

[4
o4

0.73
.74
H]

12530
Carb
33.19
9.0
8.62
22,03
5.38
£0.20
0,10
0.23
0.17
0.13
24.89
100

22,58
0.04
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1079
1210

2670 .

2009
9
139

29
1157
20
3.33

)
0,37
9,22

D
9,57

VN

0,49



5i02
A1203
Fel203

Mg0
Cal

Na20

K20

Ti02

Hnd

P203

Lo!

TOTAL

o2

Rb
8r

i
Nb
Ba
Th
Hi
Cs
Ta

Ni
Ni
Cr
Cr
" S¢

(NAA)
(NAA)
(NAA)
(NAA)
(RAA)

(NAA)

(NAA)

(NAR)

Pb -

In
Cu

Au
As
' Sh
Ir

La
Ce
Nd
Sa
Eu
Th
Ta
Yh

(NAA)
(NAA) .
(NAA)
(RNAA) -

(NAAD
(NAA)
(NAA)
(NAA)
(NAA)
(NAA)
(NAA}
(NAA)
{NAA)

S Lo r— L) ON e

13002
Carb
26.56
3.82
6.64
18,22
15.91
0.20
<0.10
0.20
0.26
4.01
28.34
100
26.56
0.06

{3
384
14

Y

1066

T

1613
24

82.

32

g

39
1338

1
'

46
20
78

n
ad

33
XD

.36

16001F
Carh
29,24
6.23
10,56
19.24
11,15
$0.20
{0.10
0.37
0.18
0.01
22,92
100

21.21
0.46

{3
-346

4

3
36
NB

0.7

N

0.8

501
567
1945
1654
4
0

10
10
24

100
430

0.8]
4,71
Bl
079
0.43
ND
ND
0.83

%16 -

170028
Carb
30.42
4.:10
8.74
22,97
6.87
{0.20
0,10
0.19
0.13
0.02
26.90
100

25.37
0.04

6]
266
11

682
985
2089
1634
24
99

10
73
17

29
1492

1

ND
.22
0.78
¢, 38
0.24
017

#5
0.73
0.16

160010
Carb
29.58
.93
10,10
18.15
10.19
{0.20
0.12
0.3l
0.29
0.01
23.98
106

25,35

44
12

1212

3360

129

13
98

70

10001E
Carb
34,50
4.70
9.25
19.17
7.01
$0.20

©o0.41

0.2
0.15
0.01
24,70
100

22.70

303

2191

113

73
16

10001F 100010

Carb Carb
33.49 30,25
4.31 4,70
8.24 9,68
17.78 20,99
9.83 4,42
0.20  €0.20
0.11 0.11
0.22 0.26
0.6 - 0.14
0.01 0.0l
25.71 25,00
100 100
2.1 2,78
5 5
375 173
11 9
6 4
660 1278
- 2234 2915
106 {13
12 - 7
&R ]
43 17

10001P
Carb
30,00
3.7
11.01
21.36
5.70

0.20.

0.12
0.2%
0.16
0.0!
25.51
100

23.06

73
15

1141

3156

150

11
106
10

100018
Carb
33,36
3.03
9.66
20.08
4.97
{0.20
0.10
0.27
0.12
0.41
24,10
100

21,68

. 23

14

1089

2907

129

100064
Carb
32.45
.70
8.29
20.90
6,93
£0.20
0.10
0.13
0.15
0,01
27.4

-

UL

25,73

225
1

19

1018

1769

I

17
73
10
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8i02
A1203
Fe2l3

Mgl
CaD

Na20

K20

102

Nnd

P03

LI

TOTAL

co2

Rb
 br

ir
Nb

Ba

Th
Hf
s
Ta

Ni
Ni.

- Cr

er
8¢

Pb
In
) Cu

hu

Ag

Sb
Ir

La
Le
Nd
Sa
Ey
Th
Th
Y
L

(NAA)
(NAA)

10005E
Carb
3.4
4.68
10.42
19.36
b.67
€0.20
0.11
0.32
0.16
0.02
24,70
100

22.42
.3
193

13

7

(NAA) . -

(NAA)
(NAA)

NAA)

{NAA)
(NAA)

(NAA)
(HAA)
(HAA}
(RNAA)

(NAA)
(NA)
(MAR)
AR
(NAR)
(NAA)
(NAK)
)
(NAA)

- 1284

2833

127

11

72

o

10007A
Carb
35,19
4,30
B.33
17.45
9,26
0,20
0.10

0.23 -

0.14

X

24.74
100
22,67
5

288
12

b

935

2103

103

6
52
41

10007E
Carb
35.09
4.80
B.35
-18.83
1.81
0,20
0.1t
0.26
.13
0.02
24,40
100

Y 22,12

256
10

7

2647

106

13
64
143
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