/

"accompany this thesis.

 NL-339

Collections Develipment Branch
.

. Canadlan Theses

Microfiche Service sur microfiche

Ottawa, Canada " T
K1A ON4

NOTICE

The quality of this microfiche is heavily dependent
upon the quality’ of the original thesis submitted for
mic?fllmmg Every effort has been made to ensure
the ghest quallty of reproductlon possnble

If- -pages . are- mlssmg, contact the umver5|ty whlch
_granted the'degree. :

, Some pages may have indistinct  print “especially.
"if the original pages were typed with.a poor typewriter

rlbbon or |f the umversnty sent us a poor photocopy
‘”Q. .

Prevuously copyrtghted matenals (journal articles,

'pubhshed tests, etc.) are not fulmed

Repr’oduct:ion in full or ih part of this. film is‘go
erned by the Canadian Copyright Act, R.S.C. 1970;
c. C-30. Please read the authorization forms Wthh

THIS DISSERTATION
HAS BEEN MICROFILMED
. EXACTLY AS RECEIVED

r. 82/08) | - ' .

.

N\ »
'CANADIAN THESES ON MICROFICHE A
o o _ I.S.BN. -
' THESES CANADIENNES SUR MICROFICHE
| ‘ , R ,
Y
l * National Library of Canada Bibliothéque nationalé du Canoda ' ' p - ‘

) Direction du développement des collections

n o Servuce\des théses canadiennes

AVIS

La qualité-de cette,mlcrofuche depend grandement de

la_qualité de la these soumise au microfilmage. Nous - °

avons - tout fait’ pour assurer “une qualité superleure

-de reproductlon : . .

' S’iI manque des. pages, - veuillez, communiquer
avec |'université qui a conféré le grade.

La -qualité d'impression dé certaines pages peut

_ laisser & désirer, surtout si les. pages originales ont été

dacty!Ographiées a l'aide d‘un ruban usé ou si I'univer-
sité nous” a_ fait parvemr une photocople de mauvaise

. quahte o ~ ’

Les documents qui font déja Iopjét:d un- droit

d’ auteur (articles de revue, examens publiés, etc) ne’

sont pas mrcrofllmes

La reproduction, méme partielle, de ce microfilm

. ‘est soumise a la Loi canadienne sur le drdit d'autéur,

SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d’autorisation qui accompagnent cette these.

’ LA THESE A ETE
_MICROFILMEE TELLE QUE
NOUS L'AVONS REGCUE

1

" : 5 ~‘ » : ) (::::jlljl (:]p*l




C v

I* National Library ‘Bibliothéque nationale - x
of Canada - : du Canada . .

" Canadian Theses Dnvrsron (‘z Drvusrpn des théses canadrennes

Ott , Canad
, QuaweCanads 53904

PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

-

° e Please print or type — Ecrit® en lettres moulées ou dactylographier
r
A

-

-
“Full. Name of Author — Nom. complet de l'auteur ’ i
£ Z/ /9,4 ., Jawies |
Gl rSH | ; | )
" Date of Birth — Date de naissance , o Country of Birth — Lieu de naissance o » 1
‘ o8 /MARC A 4_5‘44 R “ ‘ RN [[;‘,,@D P : .
Permanent Add ress — Resudence fixe W ¢ ’ '

34 Al e PARK  Sec7H
' m[ffe/§70( " Bssé ?m(‘
’ ‘ EMC‘ ¢ ArID

Title of Thesis — Titre de la these T : 4

13

Gred - Ruartz. VEWS v MérﬂSéD/meorg 0K THE

L
/&Aawk/u/f’g Suj)é/e&éoce/” /\/0/\’ Wv/we5>7 ’76?@/7“0,@/55

P

/—] /‘Z_Lc//) //ucz_as’/o/u STLLDV

University — Université

Degree for whlch thesis was presented — Grade pour lequel cette these fut presentee

A7.S e \
Year'this degree conferred — Année d’obtention de ce grade Name of Supervisor — Nom du directeur de these =~ T
/957/ . ; o ' o er 2 /1/0'/2.715,'\)'
Permission is hereby granted to the NATIONAL LIBRARY OF L’autorisation est, par la présente, accordée a la- BIBLIOTHE-
CANADA- to microfiim thrs thesis and to lend or seli copies of QUE NATIONALE DU CANADA de microfilmer cette these et de
“the film. o : ¢ . préter ou de vendre des exémplaires du fitm.
The author reserves other publrcétlon rlghts and neither the ‘, L'auteur se reserve jes autres, dr0|ts de publlcatron ni la these -
thesis nor extensive extracts from it may be printed or other- -~ ni.de longs extraits de celle-ci ne doivent gtre imprimés ou
wise reproduced without the author's written permission. autrement reprodurts sans l'autorisation écrite de V' auteur
J ‘

NL-91.(4/77) o




THE UNIVERSITY OF ALBERTA

¢
1

GOLD-QUARTZ VEINS IN METASEDIMENTS OF THE
zYELLONKNIFE SUPERGROUP NORTHWEST TERRITORIES
A FLUID INCLUSION ;}UDY ‘

R . o by | B |
‘(;E§:> PAUL J. ENGLISH | ~ \ ‘¢

3

A THESIS ,
SUBMITTED TO\THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL ?ULFILMENT OF THE REQUIREMENTS. FOR THE DEGREE
OF MASTER OF SCIENCE

DEPARTMENT OF GEOLOGY )
4 a (

EDMONTON, ALBERTA
 —FALL, 198



- s N
.\'- ~

Y

THE UNIVERSITY. OF ALBERTA

" RELEASE FORM

PAUL J. ENGLISH

NAME OF AUFHQR PAUL J. ENGLISH - ..

TITLE OF THESIS .99%9.9953T?.Y5?N§.?@.35T5§F??”?@T?.QF.TRE ..... f

-----------------------------------------------

---------------------------------------------

Perm1ss1on is hereby granted to THE UNIVERSITY 0F -

ALBERTA LIBRARY to reproduce s1nq1e cop1es of this thes1s and

. to lend or sell such cop1es for private, schoIarIy or

sc1ent1f1c research purposes only.

The author reserves other, pubI1cat1on rights, "and

n ither the thesis nor extens1veﬂextracts from it may be

pri ted or otherw1se reproduced without the author's written

"perf‘s I:n- ; .‘ -_; : A” | CZZ‘ b////;7;2;67£:¥1i:

A\ (Signed) .M&TX LTI,
‘R ' PERMANENT ADDRESS,
) 36, Mayfield Park South
| ! Bristol, EngIand
{ D 2/ .
DATED ’/65(/ ....... 108



B }
THE UNIVERSI{Y OF ALBERTA

FACULTY OF GRADUATE'STUDIES AND RESEARCH

~

The undersigned certify that they haQe read, and
recommend to the Faculty of Graduate Studies and Research,
for acceptance, -a thesis entit]ed’Go1d«Quartz Veins in
Metasediﬁents of the‘Ye]1qwknife\$upergroup, Northwest
;Térfitories: A F]uia Inclusion Stﬁdy submitted by Paul J.

) L]

‘English in partial fulfilment of the requirements for the

degree of Master of Science. : | l




1_For’Kathy
: 4
"What is better than gd1d? Jasper.'
.what is better than 3asper? .Wisdom,
And what is better fhan wisdom? - Hohan.
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ABSTRACT

Samples from twenty gold-quartz vein occurrences in the meta- .p
sediments- of the Ye11owkni¥e Supergrodp,NWT, were co]]ected4and of

ﬁhese nine provided material §u3 ble for fluid inclusion study. The )

A
S ¢

1nc1us1ons were studied u51ng gréphy, microthermometry, crushing
expemments and scannén&* : ir v |
Primary fluid 1nc18§1ons 1ngAcate.that the original mineraiiz—
ing fluid had a salinity of about 5 weight percent NaCl equjvaléht and-
homogenization temperaéures éive a minimum temperature of formation of
'Q 250-280°C. Homogenization temperatures from veins within mediué grade
| metasedimentary rocks are slightly but distinctly higher than those for
the veins in low grade rocks. The mineralizing fluid was a carbon
dioxide-rich sodium chloride brine, with a trace amount of methane.
Pub]ished'oxygén‘%sofope data give a temperature of formation
of 360°C. This difference may be accounted for by a pressure cofrec—
tion/for a pressure ‘of approximately 1 kbar (100 MPa). However the
existence of 2 priméry inclusion popu]atiqhs, one C02—rich‘thé other
vaZO-rich, indicates that ;boi1ing" (unmixing) may have occurred in
which'case no pkessdre correction i% required“tofhe honpgenization
pemperatdres. |
{ The nature of the go]d-trénsporting agent is not- known; the
hydrothermal fluid contained both chloride and sulphide components.
Published experimental studies on gd]d geochemistry suggest that a
combination-of deckeasjng témberatdre, decreasing ﬁressure and chang-

?

ing oxygen fugaéity caused gold deposition.



“

Secondary 1nc1us1ons provide information on a later stage
hydrothermal fluid of moderate to high salinity (v 10-30 wt. % NaC1
equivalent) and probably low temperature (mean'temperature of homogen-
ization m'14D°C);,minor gold remobilizatien occurred during this stage.
This fluid was NaCl-rich and contained minor amounts of calcium,
carbonate and su]phate | |

This study suggests that petrography and m1crothermometry of
fluid incdusions and oxygen isotope analysis of quartz are insufficient

to distinguish auriferous quartz veins from barren quartz veins

ever considering the data along 'with accounts of go]d mineralization

elsewhere in the world leads the author to favour genesis of the
mineralization in the late stages of metamorphism through metamorpho-

genic processes.

‘.-‘
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1. INTRODUCTION

Purpose of Study - ‘

‘The.princib1e aim'of~this thesis was to carry out a detailed “
study‘of therf1uid,inc1u550ns in quartz‘qf gold vefnsvfrom neta-.
ksedimenta'of the Yé]]owknife SUpérgroup, near'Ye11owknife Torthwest
Territories. This was done with the obJect1ve of determ1n1ng the
. composition of the hydrothermal fluid and the/env1ronment of depos1-
vt10n, and to‘eva1uate the use of f1u1d_1nc1us1pns in exploration

|
~ for such mineralization.: i

Background
Much work has been published on thé gold veins which 0fcur
in metavo]caniés at Yellowknife (see BoyTe 1979) but 1itt1e infora
mation is available for the gold Veins in the mefasediments, 'This,
’a1ong with published reports of the use of fluid 1nc1us1ons and oxygea
1sotopes in prospect1ng for gold- quartz ve1ns suggested a deta11ed
f1u1d 1ncTus1on study wou]d be worthwhile.
An 1n1t1a1,study of the fluid inclusions was pefformed by
Colin Ramsay, but ae studied mainly the barren veins’af‘thejarea
aqd.on]y included tﬁo auriferous vefns; also he waéaunab1e_to obtain
sa]inity data (Ramsay 1973). This study%gas jnténdad to‘compTgment

his work.

‘.Methodo1ogx

Over twenty gold show1ngs were visited and samp]ed\durlng

-

the summers of ]976 and 1977.  Occurrences in both low grade and
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_‘med%um grade metamorphic roEKs were samp]ed to determine‘if there |
'wereanysignificant differences‘between the two groups. Most of
‘the samp]e material proved to be unsu1tab1e for study-—the samp]es
conta1ned abundant fluid 1nc1us1ons but these were genera]]y too
small to work on. Samples from nine separate go1d quartz veins were
found to be su1tab1e ’

Samples were studied petrograph1ca11y and then m1crothermo—.
metric and crush1ng studies were performed on them. M1crothermometry
| was the major part of the research and was carried out using a

~Cha1xmeca heat1ng/free21ng stage In the last fifteen years f1ujd

" inclusion research has undergone a-resurgence_and three different
Am1crothermometr1c stages are now commercially available; the |
Chaixmeca stage is perhaps the most versatile of these.‘ Deta1ls of
the calibration and use of this stage are.inc1uded_elsewhere in this
thesis. N |

“To supplement the petrograph1c studies a few samples were
also studied using a scann1ng e]ectron microscope; this was ch1ef1y
to provide details. of observed daughter minerals.

L1m1ted oxygen isotope analyses were carr1ed out to prov1dev
add1t1ona1 temperature 1nformat1on and to eva]uate the1r use in

exploration. ' : <
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2. GEOLOGY OF THE YELLOWKNIFE BISTRICT

" .Regional and Local Geology

The study area is within the-S1ayé P;ovince, a parf of the
‘Canq@iah Shield whfﬁh has remained re]afivé]y stable since 2.5 Ga
ago. Thé province is underlain by two main 1i$ho1ogiés: Archean
granitic and supracrusté] rocks (see F1gure 1)

.. The supracrustal succession, wh1ch has been named the
-_Ye110wknife Supergroup (Henderson 1970) consists of th1ck sequedcés
"~ of mafic vo]can1c rocks and turbidites var1ous1y deformed and meta-
morphosed (Mcglynn and‘Henderson 1970). Th1s makes it 11tho1og1ca11y
similar to the supracrustal roéks of most other Archean cratons but
it differs in that sedimentary rocks (~80% by volume) greatly exceed
' volcanic rocks (~20% by volume) (MEG]ynn and Henderson 1972).

' Thg vo1éanic component of the Supérgroup Qn-the area arOund
Yellowknife has. been well documented>(Boy1e‘1961, Baragar 1966,
Henderson and Brown 1966, Padgham 1980a) while Lambert (1977)
.~describes.the volcanics that form belts along the Cameron and Beaulieu
“River systems to the n;rtheast of Yellowknife. The volcanic rocks
consist mainly of massive and pi]]owéd‘5a5a1tic f{ows w{th'rela-
tively minor intermediate and fe]sic‘volcanics, extruded'about 2.7
to0 2.6 Ga ago (Green and Baadsgaard 1971).

The sedimentary sequence of the Supergroup conformab]y '
overlies the volcanics and‘cons1sts principally of voluminous grey-
wacke and mudstone turbidite deposits with minor amoqnts of con-

glomerate and 1ithic sandstone (Henderson 1972, 1975). The
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-Ye]lowknife Hearne Lake-Gordon Lake district is a preserved area of

supracrusta1 rocks that has been 1nterpreted as the remnant of a

d1St1nct dep051tiona1 ba51n separated from other basins by pOSitive

areas now represented by areas of granitic rocks (McG]ynn and

Henderson 1972).

Folinsbee et al. (1968) suggested, by analogy with the

Fossa Magna of Jaoan, that the supracrustal rocks at he]Towknife

.probably accumulated in about 15 Ma.

"

The sedimentary‘rocks are considered'to be derived fram

erosion of an earlier extensive sialic crust.

Granitic rocks underlie about two- thirds of ‘the Slave
Protince and these can be divided into three categories (McG]ynn and
Henderson 1972). First]y, perhaos as much as ha]ffo%;them'are gneisses,
and migmatites that are probably derived from the sedimentary rocks of
the Yellowknife Supergroup. Second]y,Jthere is a suite of siightiy
gneissic rocks that oocur as discrete intrusions within the Ye]]owknife‘
rooks or as.large masses between outcrops of the supracrUStai strata.
ihese rocks are most commoniy granodiorite, quart? diorite and quartz
monzonite, and appear to have been main]y'empiaced about 2.6 Ga'ago
(6reen and Baadsgaard 1§71, Comming and Tsong 1975).

*The third group consists of grénitic.gneisses and massive
piutons very simiiar to those of the second category but they are
distinguished as they are thought to be older than the Ye]iowknife

Supergroup.  This is based largely on field geologic evidence (e.qg.

A
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s
Baragar 1966 Dav1dson 1972, Baragar and McGlynn 1976) and is sup-
\ported by recent &eochronolog1ca1 resu]ts " Ages of around‘3.0 Ga
have been obta1ned for granitic basement near Ind1n Lake (Frith,

R. et al. 1977) and at Point Lake (R. K. Wanless in Henderson 1977).
Also Nikic et al. (1980) have given an age of 3.2 Ga for granitic
boulders in a d1atreme that intrudes the volcanic rocks at 1:

Ye]]owknlfe. These boulders are thought to be derived from an

underlying sialic basement.

Metamorphism

Although generally referred to by their premetamorph1c names
the supracrusta1 rocks were subJected to low pressure regional
"metamorph1sm about 2,6 Ga ago (Thompepn 1978). Three‘metamorphic
zones have been distinguiehed{ Tow, medium and high grade (Thompson
i978). These correspond to greenschist, lower embhibolite and upper
amphibolite facies respectively. The transition from metagreywacke-
slate to knotted schist in the metasedimentary rocks marks the
boundary between 1ower and medium grade, while the transition from
knotted schist to gneiss and migmatite marks the boundary between
medium and high grade. |

Early regiona] mapbing_of the province includeq these three&
~metamorphic zobes (e.g. Henderson 1939, 1941a; b, c; Jolliffe 1942,
1946) and they are shown on the compilation of McGlynn (1977).
However detailed studies of the metamorphism have only been carried
out in limited areas. Rameay (1973a, b, c, i974) has documented
minera]Qgical compoSitions and metamorphic reactions witﬁin the

~



" low grade zone in the metagreywackes near Yellowknife. Meanwhile,
Kamineni (1973, 1975) has described the metamorphism of the grey-

wackes to the east of Yellowknife in an area within the medﬁum'

\
L]

grade zone.
| ~ Mineral asSembTages'Qith{n the lower grade peTitic rocks

consist of chlorite, white mica, biotite, p1agioc]ase’andbquartz.
-Assemblages in pelitic rocks of the medium grade zohe include com-
binations of biotite, muscovite, cordierite, anda1ﬁsite, p]agidc1ase
and quaftz. Garnet occurs sporadically in-pelitic rocks af'any of

- the three metamorphic grades (Thompson 1978), and gedrite has. been
documented in the medium grade zone (Kamineni 1975) andrthére‘are

.a few miﬁor occﬁrrences of kyanite in the northeaétern part of the

province (Frith, R. A. et al. 1977, Percival.1979).

Structura1‘6é01ogy

: 1 )
Numerous structural studies of the Slave Province have been

performed (Henderson 1943, Ross 1966, Tremblay 1952, 1576; Ramsay
1973,. Fyson 1975, 1978, 1981, Drury 1977). The majority of the
structure can be related to a major teﬁtonfc event at 2.6 Ga. Fyson
(1975), on the basis of. field studies in the Gordon Lake-Ross Lake
area and é review of earlier mapping over a larger area, determiﬁed
a three-phase sequence: two major periods of folding (D1, DZ)
followed by deformatidn (93) re]ated_tg‘the intruéion of post-
metamorphism p]utohs.

_Greenschist mefamqrphism prevailed during D1 and folds

resulting from this deformation are isoclinal. Folding during D,
’ )

-
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was also predominantly 1s$c1ina1 and é brominenf north trending
schistpsjty was deve]oped. Evidence for D3 is mainly the crenulation
6f this schistosity; during thié last period of deformation the
’metamorphic grade is thought to have been decreasing.

The structural trends in the western half of the province
are northerly to northegster]y and these are de1inéated by the:
orientation of folds in the metasedimenté. The folds are similar
and normally jsoclina] with'vertfca1 to steeply dipping axial planes
and moderate p]usées. Folding is much less apparent in the vo]cgnicr

sequences (McGlynn and Henderson 1972, Fyson 1975, 1981).

L}



3. GOLD MINERALIZATION IN THE YELLONKNIFEIDISTRICT

Introduction

Gold has been produced from rocks of the Slave Province
since the mid-1930's. Production from that time gnti] the present
amounts to aﬁ?foximate]y 11 million ounces which, given the area
of the province (~190,000 kmz), is comparable to that from other
Archean cratons (cf. Anhaeusser 1976).

Over 240 gold showings and déposits are known wjthin the
Slave Province but the bulk of production has éome from only 22
of them. The majofity of these occurrences qke of the quartz 1ode;
or veib, type and most are within 15b km 6f Yellowknife (Padgham

1980b) .

Description of the Mineralization

It has long been recognized that‘tﬁe gon-quariz minerai-
ization can be divided into two main categories based on the host
rock lithology (Henderson and Jolliffe 1939). These are:
mihera]ization hosted by‘vo1canic rocks, gnd minéra]ization within

1

sedimentary country rocks.

Gb]d Mineralization-in Metavolcanics »
It is from the metavolcanic rocks thaﬁ the bulk of the gold
production hés come ("85%). They have been sfudied in great detail
including comprehensive research by Boyle (1955; 1959, 1961, 1979).
The gold mineralization occurs in éuriferous duartz veins and in

nortthortheaster1y trending quartz-carbonate-sericite shear zones

9
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within the metabasaits of the Ye]]pwknife Greenstone BeTi. There
are two main shear zones: thé Campbe]]lshear“of the Con mine and
the more-comp]éx Giant shear of the Giant Yellowknife mine.

| The volcanic rocks are e*tensive]y‘a1tered having variously
undergone chloritization, carbonatization, pyritization and serici-_
fization (Boy]e 1961,»T979).~ The chief metallic minera]s, occurring
with quartz bodies and‘silicifiEd zoﬁes,.a;e pyrite, arsenopyrite,
stibn}te, ché]copyrite, sphalerite, galena and a number.of sui-
phosalts and tellurides (Cofeman 1953, 1957, Boyle 1961). Theories

of gehesis of these deposits are reviewed later in this thesis.

Gold Mineralization in Metasediments
'The métasediments contain mény of the gold showings yithin

‘the Slave Province, yet these are onlyvresponsibTe for about 4% of
the total gold production. -The gold occurrences in the metaéedi-
mentary rocks have been little studied butvtheir structural control
has been noted and Henderson and Jol1iffe (1939)_c1ass{fied them
into four types whigh.have since been s1{ght1y modifiéd (Lord 1951,
Boyle 1961, 1979).

- These four types are:

1. Quartz veins in céntbrted schist zone# and faults that
t;ahsect the sedimentary beds. /

2. Quarti ve@ns and sma]] stockworks. in ‘chist zones énd frac-
tures that paralle¥ the sedimentary‘beds. T’ese comprise quartz
veins and stockwbrks in ruptured and sheare?/beds and bedding planes,

dragged slate beds, contacts and saddle reeﬁ@ on the noses of folds.
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'3. Quartz veins and sheeted zones in ruptured and sheared
ax;s of isoclinal folds.
-4, Quartz veins and stringer zones in irregular fractures
and openinés without any continuity or special relationships.
The Ptarmigan and Tom deposits are examples of Type 1.
The TA, Joon and Ruth deposits occur in sheafed beds and/or )
bedding planes, as does part of the Camlaren mineralization, and
these belong to Type 2. The Cam]aren mine a]éo has mineralization
concentrated in the nose of a foid, as perhaps does the AM occur-
rence; these would also be Type 2. fhé Hidden Lake showing also
probably belongs {n this type as it appgars‘td occur approximately
parallel to bedding. The fin showing js_of uncertain nature. The
1océtion of these nine Qold—quértz occurrences is/shohn in Figure 2.
Auriferous veins within the metasediments are typically of
limited lateral and vertical extent, generally being narrow and dis-
continuous and of small potential tonnage. Téey may be of high
grade, from 1-10 oz. of Au pér ton, but none of the deposits has
produced much gold. ,
The gold may be speétacu]ar but is always erratic; it is
often associdted with su]phidé minérajs, mainly pyrife, sphalerite,
galena, chalcopyrite, minor arsenopyrite and pyrrhotite—-fhe associa-
tion with'spha1erite has been\noted in particular (Hendefson and
Jolliffe 1939). Schee]ite_is recorded from a few of the occurrences,

mainly those in the medium grade metamorphic rocks.

Wall rock alteration is véry Timited and generally on the

11
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order of a few centimetres. In the low grade metamorphic rocks
the alteration zone is often indicated by a thin bleached zone which
contains quartz, albite, chlorite, sericite, pyrite, arsenopyrite,
occasional pyrrhotite and alteration of biotite. In the medium
grade roéks the alteration zone includes quartz, albite-oligoclase,
biotite, muscovite, chlorite and some pyrrhotite and arsenopyrite.
Tourmaline is common in places, generally associated with biotite
(Boyle 1961). In hand specimens sericite (white mica) and pyrite
are notable in alteration zones of veinsifrom the lTow grade rocks
while veins from the high grade rocks often have conspicuous biotite,
tourmaline and occasional pyrrhotite in their alteration zones.
About as many gold occurrences are known in the low grade
strata as in the medium gfade rocks, but it is notable that many
of these showings occur not far from the cordierite isograd.
Occurrences in the high grade metamorphic rocks are not known.
The showings and deposits that have been studied in this

work are described in‘Appendix 1, and their locations are

given in Figure 2.
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_ 4. FLUID INCLUSIDN STUDIES -
i ’ . . _. ! : ’ o \.

4.1 . - Principles and Previous Work

Introduct1on

F1u1d 1nc1us1ons are m1n1scu1e samp1es of 11qu1d and/or gas

“ .

wh1ch Were trapped 1n minerals: dur1ng the1r crysta111zat1on or

"recrysta111zat1on : In the study of mineral depos1ts the1r 1mpor-

-‘tance 11es in the fact that they may represent remnants of the

or1g1na1 m1nera11z1ng fluids and can\:rov1de 1nformat1on on the

,nature of the fluid and the environmeht of depos1t10n

Using fluid inclusions in geochem1ca1 and geothermometr1c

studies involves the following major as§tmpt10ns (from Roedder

1967): - R RS
T.' The f1u1d was trapped as a s1ng1e h%?dgeneous phase when
~ the 1nc1us1on was sealed. o 3w'f
| 2. The cav1ty in wh1ch the f1u1d is trapped does not change
' 1n yo]ume after sealwng,
3. thhinp'ishedded to or lost from the inclusion after .
‘seal1ng ’ o
4-, The effects of pressure are. 1ns1gn1f1cant or known
5. The origin of the inc]usipn”is known.

Various critérié are app]ied td ensure these assumptions app1y to

~the suite under study wh11e, in- genera1 numerous experimental

-,

studies fuvevv1nd1cated them (e g. Roedder and Skinner 1968 Roedder

and Kopp 1975). . = ‘ .
14 .
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'C1assification of;Jhc1usi§ns
Fluid inclusighs'are generally classisfied into three

categories:  (i) priméfy, (ii)‘secohdaryhﬁnd (iii) pSeuddsecohdary. :
Primary %né]usi&ns are those that>form‘at the time of crysta]]fza- |
tion Qf'the mineré1; normally by growth irregu]arities'in thei
crystal. Secondary inclusions form\during the hea1ing of fractures
aftercrysta]]izatioﬁhas occuriea._ Pseudosecondary inc1usidns form
. during the healing of fractures. while crystallization is st{11
goiné on. iObviously data ffom secondary {nc]usions, while they‘
'may!be ovaa1ue, do not provide infofmaiionkon'the nature of the
original ore f1uid.‘ -- | N

. Roeddér (1967; 1976, 1981) has provided criteria which.can
be used to diStinguish_fhesé three classes of jnc1usiont rHowever ’
most of them could nbt»be used in this present study;'thé;quartz
‘studied is maséive and-without growth feafyre§;' Primary inclusions
are considered to be those that are isolated, have a random dis-
tribution and. show no relation to healed fraéture; or signs of
ne;k?ngQ These criteria are not conc]usiQe but are similar to those
used succesSfu]]y‘in‘other studies. Secondary inc]usions are easier’
to identify in that they nofma]]y,otcur in planar arréys which

represent hea]ed‘fractures;, Given the nature of the quartz no

pseudosecondary inclusions can be recognized.

Composition of the Fluid Inc]usions.
The.composition‘of the inclusions is studied by petrography

and by measurement of the depression of freezing temperatures

] it



(more accurately, he]ting temperatures) of the aqueous solutions

in the inclusions. This depression is an indication of the salt

. content in-the fluid. Fortunately sodium chloride is by far the

predominant salt in fluid inclusions (Roedder 1972) and so by
referenee to thefNaCT¢H20 phase syetem the melting temperatures
can- be reTated;directYy to'weight percent NaCl (Roedder 1962,
Potter et al. 1978). As this is an approximation assuming no other

salt ions in the 1nc1us1ons the determ1ned va]ues are given as

. weight’ percent NaCl equ1va]ent (see C]ynne and Potter 1977).

. Inclusions which hare,a concentration of NaCl greater than

bsaturation at room temperature will contain halite crystals. The

(:\

.,sa11n1ty of these inc]us1ons can be determ1ned in 2 ways: either

by est1mat1ng the vo]umes of the components and thence ca1CU1atﬁng
the vera]] weight percent Na@], or by measuring the temperature of
dissol t1on of the crysta1 on .heating and comparing with the data
of Keevil (1942). |

If the data obtained are not consistent with the NaCl-H,0

system (figure 3) reference can be made to other systems. through

these are not\as well documented (see Crawford 19816)1

Homogen1zat1on of Inclusions
The homoge ization temperature of an inclusion is the

temperature: at wh1ch'the components within become one phase,»1 e.

16

~a homogeneous fluid. Soerby in 1858 proposed that the homogeniza- }p

7/

tion temperature gives an\ indication of the temperature of trapping

and it is upon this that fluid inclusion geothermometry is based.
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The homogenization temperatures in fact give minimum
temperatures of trapping of the original fluids and in most cases
it is necessary to calculate a pressuré correction beforevarriving.
at‘a_temperature‘of formation. To do fhis it is necessary to know
both the composition of the fluid 1nc1usion, horma]]y in terms of
weight percent NaCl equiva}ént, and the preésure at the time of
formation. This latter factor generally has to be detefmined by
| independent means. With this info;mation the pressure correction
.can be determined readily from published graphs (Potter 1977,
 Lemm1ein and Klevtsov 1961). - E ‘ |

| The pressure is 6ften difficult or impossib]e tb détekmiqe
~and unfortunately the pressure correction'(which'hay amount to.
hundreds of degrees Celsius) often goes unmeptioned in publfshed

~

accounts of inclusion studies.

~ Previous Studies of Gold Deposits

One ;¥ the earliest studies giving inclusion homogenization
temperatures is that of_Phi]]ﬁps (1868) on.gold—quartz veins of
Cali fornia (results of'110-185°C for apparently secondéry inclusions).
yet relatively few detailed fluid inc]usiop studies of auriferous
quartz veing have,been carried out ;ince“then; This.is no doubt
because, as Sawkins gg;gl: (1979) note, they "are notoriously lacking
in good material for f]uiq inclusion studies due to the strong
predominance Qf poorly crysta11iied‘duarti containing only very
tiny fluid inclusions." |

Soviet geologists have performed most of the studies that
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do exisf>and the results are in Russian and often in. poorly acces-
sibTé publications. Some papers are available in translation and
‘more are availableas English abstracts (Rbedder 1968-1977), but
these soﬁrces give.only a small part of the total information.
(About ha]f of all géo]ogicaT-{iterature is in Russian; for fluid
inclusion research tHé proportion is Targer, and for inclusion
studie§ oh gold-quartz veins still 1arger; pérhapé.about 90%.)

For "epithermal™ Au-Ag i_base-mgta]s veins (5ubvo1tanic
and/or "hot spring" Au-AgAdeposits)}fluid inclusion studies show
homogenization températu;es in the range of 200-330°C,with most
falling between 250;300°C; Salinities are normai]y Tow RP moderate
and indications of boiling are common (though not a preréﬁuisite
for ofe formdtion); “For é;amp1e in thejr study of the Sunnyside ;
mine,'Co10fédo, Casadéva]] and Ohmoto (1977) record homogenization
temperatures of 270-315°C and sa]initiés averaging 1 weight pertent‘_
NaC]quuiva1ent for the gold mineraliZihg stage. While in a study

-of auriferous quartz-adularia veins in Nevada.Nash (1972)'obsérvéd
temperatUEes g§‘200—330°C.with the go1d-bearing‘§tage at.300°C,

and salinities 9f 1-2 w;ight bercent. Hé estimated. formation tem-
‘peratures of 285-340°C. At the Pueblo Viejo mine, Dominican
Repqg;;{, homogenization temperatures of 200°C a;d above, have been
noted'a]bng with indications of boiling (S. Kesler, personal com-
munication 1980). In a detailed study of the-Baguio vein gold
deposits, Phillippines, Sawkins et al. (1579)‘determined homogeniza-

tion temperatures of 255-285°C for primary-inclusions and 205-245°¢C

Kl

LR
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for'secondary,inc]usions. The ing]q;ions are mainly 1iquid—fich
énd have salinities of 0-5 weight percent NaCl equivalent; signs
of bo111ng were noted a]ong with sma11 amounts of CH4 and CO2 A
similar range of 240- 320 C was observed for homogen12at1on tem-

~peratures of the main m1nera11z1ng~stages of Au-Ag vein deposits
in Kamchgika (Andrusenko and Shchepot'yev 1974).

- In the genefica11y related dissem{nated fine-gold depoéifs

’vgof Nevada, Nash (1972) recorded tempérazhres around 200°C and

salinities averaging 6 weight percent.

The data for gold-quartz Tow su]fide veins‘are less de-
tailed but certainly more re1e9ant as the veins arg:nore comparable
with those of the Yellowknife district. Koﬁtun (1965--Russian

.original 1957) jn a study of aurifefous véins in the Urals re-
cofded temperaturés pf homogenization of 220-420°¢C with priméry
iné]usions having a wide range in degree.of filling. Three phase
inclusions containing liquid CO, were noted. In a more recent
study of pﬁe of the deposits (Kochkar') Anufriyev et al. (1974) have
con firmed fhése,resu]tg observjhg homogenization témperaturés.of
230-450°C chiefly from-two phase liquid-vapour inclusions, with a
few three phase incTusipns containing 1iquid_602. Konovalov
(1975) found a similar rangelbf temperatures, 260-460°C, for
quaftz veins in the Lena gold field. He observed chiefly liquid-
rich inc1usions'which homogénized into the Tiquid phase; data not
being obtainable from most’iqc]usions containing liquid C0,. The

temperature data could be divided into three groups (260—280°C;
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260-300°C‘an9 400-460°C) which corresponded. approximatelywith the
metamorphic grade inpﬁhich'the veins occurred (i.e. low, pedium
and high gfade respectively). Analysis of the inclusions showed
the presénce of CO2 and CH4. Salinities with a range of 5-10 |
weight percent NaCl equivalent are given by Bulynnikov et al.
(1977) for deposits of the Central Gold-Ore Field (1ocation?)
along yith homogenization temperatures which mainly fall in tﬁe
rénge of 200:300°C. Rather lower temperatures of 110-265°C have
been reborted from gold-quartz lTow sul fide veins of the northeast
USSR (Davidenko and Chibikov 1978). | .

Suﬁmariiing this and other Soviet ‘work kRoedder 1968-1977,
1972; Shilo et al. 1971) the fo]]owing generalizations can be made
based on the_study of primary inclusions in $uch véins: the hydro-
thermal solutions were moderate to high temperature (Th 200-400°C)
and consisted of lTow to moderate salinity NaCl so?utions.rich in
€0, , (with CO, content decreasing towards higher grade ore sections) and
with CH4, though a minor componént, ubiquitous.

.Western studies on veins of thris type are few but the
following provide some information. Rye and Rye (1974) in a de- .
tailed _study of the Homestake mine, South Dakota, observed two |
main types ofri;c1usion: two phase inc]usibﬁ%;gonsisting of liquid
HZO and a CO,-rich vapour, and three phase inclusions of Tiquid
HZO’ 1iquid €0, and C02~rich vapour. They conéiderég most of these

inclusions to be secondary and recorded small amounts of CH, +

analyzed samples; no homogenization data are given. In a study
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. the conglomerates of the Nitwate;srand basin, Shebherd (1977)
notes that pebbles of vein quawtz with a Tow proportion of inclu-
sions containing liquid CO2 are associated with go]d,.whi1e‘those
which show a re]a%ive]y high proportion 6f inclusions with liquid
CO2 are aséociéted with the urénfum‘mineralization. Homogeniza-
tion temperatures in the range of 200-400°C are given. Krupka

et al. (1977) suggested inc1usion homogenization temperatures of
210°-380°C and low to moderate sa]init%es for the mineraiizing
stage of the O'Brign mine, Quebec, bésedfon observation of two

. phase inc]usfons with widely varying degrees of fi]]ingv(taken'as
an indication of boiling).  For the Dome mine, Ontario, Kerrich
and Fryer (1979) recbrded‘homogenization temperatures of 330-370°C
for primary inclusions in quartz Ve{ns:i In the Ye]]owknife dis-
trict itself, Chary (1971) observed homogenization températures of
270%C (only four~mea5urements)lf0r the Con mine and CH4 hasAbeen
detected -in quartz from this mine (W. Bale, per;oﬁa1ncommunication

1977). Ramsay (1973) determined temperatures of ]50-3]0°C for

primary inclusions and 100-200°C for secondary inclusions in quartz

of two veins within the metasediments (the Tom and Ptarmigan occur-

I3

rences).
As one would expect-these results ;ompare qﬁite well with

" those from the Soviet literature, and this survey shows the pre-

dominant role of medium temperaturé,1ow fo moderate salinity fluids

in the formation of auriferous quartz veins.
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4.2 Types of Inclusions

~ As well as)being classified into primary, pseudosecondary
or secondary, inclusions can be grouped based on their appearance
and compos1t1on as determined microscopically. Division is essen-
tially on the basis of the components and their phases observed,
along with add1t1ona1 information from crushing experiments. .The
inclusions observed in this study have been categor1zed into three
-main types which are described be]ow'and 111ustrated in Figure 4
Type I. Liguid-rich. These inclusions are by far the
most nomerous type observed. They vary from equant to irreqular
and range in size from <1 to approx1mate1y 20 ym. Many are in

¢
the 5- 1O;m1d1ameter size range but most are 1 um or 1ess - Various

™~
’

subtypes can be recognized:

a) Liquid-rich (5-15% vapour by .volume) secondary inclusions.-

Generally simple two-phase inclusions tbough some contain
a sma11 ha]ite daughter nineral (1-5% by volume). Most
of the inclusions observed are:of this type.

b) Liquid-rich (10-30% vapour) primary inclusions. Generally
two-phase with the vapour often being‘COZ-rich; A three-
phase variety is observed in many samples; the;e c0nta5n‘
]iquidvcoz,'perhaps up io 20% by volume. The distinciion
between these two varieties is gradational--an inclusion
may contain as much as 10% liquid CO2 before it can be

observed as a separate phase (Roedder 1972). Some of

23

these inclusions contain'traces of CH4, presumably dissolved’
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FIGURE 4:

Fluid inclusion types observed in quartz of the
auriferous veins. See text for explanation. -
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in the C02 phase.

c) Mu1tiphase inclusions, mainly secondary, though some may be
primary. These inclusions, few in number, may contain daughter
minerals of halite, another cubic crystal (poséib]y sylvite),

a small anisotropic crystal (possibly ca];ite) and a thin
needle—]ike.crysta1 (see SEM section).

d) Liquid-filled inclusions, repéesenting very low temperature
late stage secondaries.

Type I1. ‘Vagour-fich. These generally equant inclusions
are much less common than Type I put were noted in most samples;

they are mainly primary but some are secondary. The vapour content

varies from virtually 100% ("empty" inclusions) to about 95%.

‘No dadghter mjnerais no;ed.l Vapour is C02¥rich with possible

traces of CH,. (Distinction between 1iquid-rich and vapour-rich
inclusions is of course arbitrary with a division at 50%. However
very few inclusions of definite ofigin were noted in the 30-90% -
vapour range.)

TypevIII; gﬁh-beardng. Very small inclusions, manyvhavingi
a‘negative crystal shapé, which could not be seen 1nto; Majority
appear to be primary. Crushing shows that some contain 602 under
high pressure. These méy simply be a variety of Type 11, o} they
could grade into the COz-bearing %nc]usiOns of Type Ib. Some of tﬁése
inclusions contain an unidentified noncondensable gas (perhaps
nitrogen?). | :

4.3 Microthermometric Resu]té

The go1d¥quartz“veins provided much material which was

unsuitable for fluid inclusion studies but some sixty samples from
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nine gold occurrences were usable. The small size of the inclusions
made microtﬁﬁ?ﬁﬁﬁetric measurements difficult and limited the

amount of information that could be collected.

Low Temperature Studies

Salinity detefminétions were carried out on over two
hundred 1ncihsibns, more than a third of which were classified as
‘primary. These measurements were made by observing the me]tiﬁg
temperature of the frozen aqueous phase in the inclusions. A]y
the determinations were on liquid-rich inclusions of Types Ia’
and Ib.

Hydrohalite, NaC]-ZHZO, which is formed in saturaﬁéd or
near saturated brine at low temperatures, wastentatjve]y identified
in a few secondary inclusions which at room temperature contained
a halite crystal. ‘

Carbon dioxide hydrate, with an ideal forMula of C0,:5.75H,0,
‘would be expected to form in C02-rich inc1usioné at low tempera-
tures. The melting temperature of this clathrate is depenéent on
the vapour pressure of 602 within the inclusion (and 1ess'impor:
tantly on the CH4 content) and commonly ranges between about +5°C
and -5°C, though it can exist up to +10°¢C (Ke11y and Turneaure
1970, Hollister and Burrus-1976). Given the COz'content indicated
by crushing studies, this compound was searched for but was not
found. It is, however, not easy to identify under the best of
bondiiions, being isotropic and having a refractive index very

similar to that for water. The resultsof the salinity determig;tions

’ .
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are tabulated in Appendix 111 and displayed in Figure 5.

Primary inclusions have a range in salinities from 1 to
18 Qeight percent NaCl equivalent; most values fall in the range
of 3-6 weight percent and the mean value is about 5.5 weight
percent. There is no significant difference between the salini-
ties of inclusions from veins within low grade metamorphic rocks
and those determined for veins from medium grade rocks.

Secondary inclusions show a range in salinities from 6
to 22 weight percent NaCl equivalent; most values are in the
8-12 weight percent range and the mean is about 11 weight percent
~with a small subsidiary group of values at 18-19 weight percent.
“Again determinations from veins in low grade host rocks are com-
'parable with those in medium grade rocks. The average salinity
for the secondary inclusions is in fact higher than that given
above, for a significant number of secondaries contain halite.
From a few measurements of dissolution temperature of these crystals
salinities are estimated to be in the 29-31 weight percent range
(Keevil 1942). This corresponds well with estimates made using
approximate volume calculations. |

In summary, the data suggest an original mineralizing fluid
of low salinity and a later hydrothermal stage with a fluid of
“‘moderate salinity, with the possibility of another late stage f]yid
which at room temperature varigs_from over-saturated to just under-
saturated.‘ (The age relationship of this high salinity fluid to the
moderate]y saline fluid is unknown.)

The temperature measurements in this salinity study, a]ong

~
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with observation of f1rst melting temperatures between -28° C and

-20° C are conswstent with the fluid be1ng a brine conta1n1ng

predom1nant1y sodium and chlorine. ?

High Temperature Studies

Determinations of homogenizgtion temperatures were per-

formed on nearly five hundred inclusions in the over sixty

"xn peratures of partieu]ar inclusions were ‘made and these showedf

Sahp1es Over one- th1rd of ‘the 1nc1us1ons were pr1mary

Numerous dup11catefmeasurements of homogen1zat1on tem—_

Qoqd consistency but such measurements were not possible on most

-

of the inclusions. The vapour phase did not always reappear on.

cooling and some inc1usions‘decrepitated just after homogenization.
A number of inclusions of Type Ibfand'COZ—bearing inc1usions of >

Types Ib and II1 decrepitated before homogen1zat1on This is due

to the high 1nterna1 pressure developed and is a common ‘phenomenon

‘ of €0,-H 0 1nc1us1ons (Roedder and Bodnar 1980, Burruss 1987).

A

Nearly a11 of the determinations were made on Type I
1nc]us1ons and these homogen1zed in the liquid phase. ~ Only 10
measurements of temperature of homogen1zat1on ETH) were obtained
f%r.Type 11 1nc1us1ons these homogenized in the vapour phase.

| - The results are t%bulated_in Appendix IV and shown in
F1gures 6 and 7.
Primary 1nc1us1ons have a range in Th of 200—330°C with a

mean of 260°C. Figure 7 ‘shows how the data can bé divided into

two distinct.groups based on whether the samples were from veins

29
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FIGURE 6: Distribution of homogenization temperatures for primary
and secondary inclusions.
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in 1ow grade metamorphic rocks or from veins in medium grade rocks.

The ranges of the two groups are virtually 1dent1ca1 (200- 320°¢C
and 200- 330°C) but 1nc1u51ons ‘from quartz of ve1ns ‘hosted by Tow ‘
grade rocks give va1ues w1th a mean of 250° C and a main range of
210-270°¢C while ‘values obtained on veins from higher grade rocks
have a mean of 280°C and a main range of 260-310°C (cf. Konovalov
1975). | | | |
The ten values of Th obtained on vapourvphase inclusions

ranged from 280-322°C with a mean of 295°C.

Secondary inclusions have a range in Th of 100-220°C with

a mean value of about 140 C; most results fall in the range of
]20—150 C. There is no d1fference in Th of incjusions from veins
_within different metamorphic grade rocks.

‘The lack of overlap in Th for primafy and secondary inclu-
-sions'could be real a1though it is-possibly due to observer bias
Qhereby inc1usiqﬁs which would have’fa]]én,in this range, were
asgigned an uncertain origin (i.e. not-definitely primafy nor'
definitely secondary) and went undetefmined. }

“The occurrence of two sets of inc]u:ions (Types 1 and I1I

primaries), one w1th liquid predomxnant and the other vapour-rich

and the lack of 1ntergradat1on be tween the two suqqest "boiling"

of the.original.hydrotherma] fluid (more accurately an indication

of HZO?COé jmmiscibility). (Roedder 1967). The determinations of
Th dn vapour-dominated inclusions do not contradict this but the

small number of values can hardly be considered sufficient to
: - -
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;ubsxantiate fhis proposition. It cannot be proved that the two
types of inclusion afe coeval. S

However given these reservations, if boiling did take
place then no pressure correctiod is necessary for the priﬁary
inclusion data--the ho‘mogenization temperatures ar‘e‘ equivalent to
formation temperatures (Roedder and Bodnar 1980). For the:
secondary 1nc1us1ons no estimate of pressure can be made and so
the values of Th represent minimum temperatures for the 1ater A
stage fluid. As an example of the corrections that might be
necessary, pressures of 0.5, 1; and. 2 kbar'on-a 10 weight'percent

NaCl solution would give corrected values for the 140%C mean

value of 190°, 230° and 305°C respectively (Potter 1977).

4.4 SEM Study -

To provide further’information on the composition of the
fluid 1nc1usions.quartz.samp1es ffom six of the gold veid occur-

. rences were studied using a scanning e1ectron microscope (SEM).

The aims were to eonfirm the composition of the brine if possible
and to identify any daughter minerals obsehded. The method used

was very similar to that described by Metzger et al. (1977).

A Cambrwdge S150 SEM,f1tted with a Kevex energy dispersive
ana1yzer'(EDA) was used. Images of the. daughter m1nera1s were
obtained using the SEM with a scann1ng electron beam and quali-
tat1ve ana]yses were ach1eved w1th the beam stat1onary An

cce]erat1ng voltage of 15 kV was used w1th the e1ectron beam being

v



0,25 um 1in djamefer. Analyses weré\performed with count rates

’ \
of 1400-2000 counts per second. \

\\ ,

The samples used were fractured, fragments of quartz

taken, where possible, from specimens wHﬁch had yielded fluid
\

inclusion samples with multiphase inclusions. Further details
, ,

of the procedure followed are given in Metzger et al. (1977).

~ Results ' . - '}
Excellent images of inclusions were obtained (Plates I
“and II). Most.inc1usions appeared empty but in a number of cases
tﬁe inclusions contained or were surrounded by what was apparently
a 'decrepitate’ (an evaporite from the brine enclosed
inclusions, formed on their opening),‘Using the EDA, all the
qdalitative analyses determined Na and C1 in the decrepitate, while
in a few cases relatively Tow amounts of K were also detected;
no other elements were noted. ‘
As for the daughter minerals no distinct halite'cqbes

were noted; frequently observed in petrbgraphic studies, these
crystals were presumably 1ost on obening of the inclusions. .However
- other daughter minera?é were tentatively identified. These were
ca]cite,~gypsum,:sy1vite and a platy K-Al mineral, pérhaps a mica

or clay minerai; These identificationﬁ were based both on the
qualitative éna]yses and the crygfal horpho]dgy. The analyzer can

~ not detect carbon and neither could sulphur or silicon be determined

in the daughter minerals. The samb]es'are”COated with gold (so

o~



a)

b)

PLATE T - -

An inclusion containing NaCl decrepitate-on the left and on

~the right two apparently platy K, A1 (Si) minerals. Pre-

simably micas or clays. Ruth.

An irregularly shaped inc]usidn containing two Ca-rich minerals.
The larger one is B?obab]y gypsum (cf. Nesbitt and Kelly,
1977, figure 12), the other may be calcite. Camlaren.

A small inclusion, tending towards a negatfve crystal, with |
several daubhter crystals: a needle-like crystal, Ca-rich
perhaps gypsum, and two C]érigh minerals in the upper left of
the inc]usioﬁ (poorly visib]e); The larger 6he contains K
anais probably sylvite, the other is unidentified. Note
NaCl decrepitate around the inc]usigﬁ. Joon. -

Irregular inclusion contéining an arrowhead_shaped daughter

mineral with a strong Ca spectrum. Crystal is twinned and

is probably gypsum. AM.

 Note bar scale on all images.
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a)

PLATE 11 .

Note bar scale on all images.

.Empty inclusions on a fracture surface of quartz. A1l of the

inclusions are secondary as indicated by the linear arrays.
Camlaren.

A relatively large inclusion showing signs of necking down..
The indicated material, along with most of that in and around

the'inc]usion is NaCl decrepitate. The particle to the lower

" 1eft of the arrowed NaCl is a fragment of quartz. Hidden Lake.

A verx\sma]] inclusion, ringed by NaCl decrepitate, showihg
negative crysfa] sﬁape. The particle in the left centre is a
quartz fraément; Within the-{nclusion are, in the upper left,
a Cl-rich daughter mineral (identity unknown) and in the 1ower'
centre, halite--apparently decrepitate rather than‘a daughter
minera1.fo1dden Lake; |

A filigree of NaCl, a habit which was Suprising but not 'un-

common in the samples observed. It is presumably a decrepitate.

Ruth.
A relatively large irregular inclusion containing a Ca-rich

rhbmbohedral daughter mineral, undoubtedly calcite.
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they are electrically condpctive) and the X-ray spectrum for gold
overlaps and conceals that of sulphur. The X~fay spectrum for
silicon from the host quartz swamps what silicon spectrum might '
be obtained from the daughter minerals.

The mineral dawsonite, NaA\(C03)(0H)2, reporfed fréh go]d-'

quartz"veins of California and elsewhere (Coveney and Kelly 1971)

was not observed either petrographica]]y or using the SEM.

4.5 Fluid Inclusions and Mineral Exploration

Fluid inclusion research has provided much information en
the nature of mineralizing fluids and on the conditions of ore
genesis. HoweQer in recent years in particular there have been
several attempts to\ﬁake more préctica] use of fluid inclusions;
notably in their épp]ication to mineral exploration (Roedder 1977).
Nash (1976) clearly sﬁows that tﬁe presence of ha]ite-bearing
inclusions, especially cbexisi}ng with gas-rich inclusions, is a
favorable sign in the exploration for pdfphyry coppér deposits.
Similarly Kostina and Sushchevskaya (19755 demonstrate how analysis
of aqueous extracts‘f}om inclusions in qﬁartz of felsic volcanic \
rocks may provide an‘indication of massiye sulphide ore. Considering
that a vast multitude of me}hods have been applied, or at least
attempted, in the prospecting and,eva]uatioh of gold deposits (see
. e.g. Boyle 1979, pp. 446-488) it is not sﬁrpriéﬁng that fluid
inclusions have not been ignored in this regard. A ‘brief revfew

of the available information follows.

There have been numerous qualitative observations of the



abundance and nature of fluid inclusions in quartz of vein-type
gold mineralization, and comparisons to the barren quartz veins ’
. within the same area. Courtis (1890) studied samples from
numerous gold mines in California and compar
(quartz from barren parts of the vein systems) with 'good quartz'
(quartz associated with ore). He noted that gold-bearing quartz
had a reléfixe\abundance of fluid inclusions many of which con-
“tained 1iquid'cérbon dioxide. His‘description of the inclusions
as being arranged in 'parallel lines or rows' suggests that they
may be ofv§econdary or pseudosecondary origin, yet,their associa-
tion with the gold indicates an apparent connection between €o,-
'rich fluids and the deposition (or redeposition) of the gold.
Lindgren (1896, p. 130) in a gtudy of the gofd-quartz
veiﬁs of the Nevada City and Grass Valley districts, California,
recorded that‘f1ufd inclusions are extremely abundant, noting they
are small, irregu]ar in shape and sometimes contain rapid]j moving
bubbles. “Heating to above 30°C’1nd%cated the absence of liquid
carbon dioxide. He stated there was no\retanizéb]e relationship
between the fluid inclusions and the richness of:the quértz{
Cairnes (1937, p. 53)‘in.a study of gold-quartz veins of ‘
thé Pioneer-Bralorne area, Britisﬁ Co]umbié, noted that:
"There was perhaps a suggestion that these inclusions were
more abundant and active bubbles more conspicuous in speci-
mens of - higher grade gold-quartz but not enough slides

were examined to prove or disprove ‘this point."

In a decrepitatioh study of auriferous quartz veins at the

40



0'Brien Mine, northwestern Quebec, Blais (1954) found that auri-
ferous quartz decrepitated in the temperature rangé 75-120°C
whereas barren quartz decrepitated above 130°C. A similar study
of the Con Mine at Yellowknife by Boyle (1954) determined that
the details df any ré1ationship between decrepitation temperatures
and gold-bearing quartz are very complex and not consistent, though
his results showed there was a tendency for ore quartz to have
higher decrepitation temperatures than the barren quartz..

Davidenko and Valpeter (1969) in a study of veins in
Western Chukotka, USSR, noted that primary inclusions in gold-
bearing veins were multiphase whereas the barren veins were simple
gas-liquid inclusions.

(o
Boyer et al. (1967) recorded C02-rich inclusions in auriferous

quartz from SalsigneggFrance, and their absence in barren quartz.

They hotec that such &
}~ P

. gold mine and gaV'gg ;”_ examb1es frﬁm gold occurrences in Freth“
Guiana, Surinam. énd 188 y, amongs others. uSimilar1y, Mafhairas‘(1970)
«Commented on the association of C02-r1ch 1nc1us1ons and auri ferous |
quartz. He stated that for gold-bear1ng quartz, gold content
1ncr9ase$'as CO? Content increases, and to substant1ate this,
presented ana]yhes of samples from aurlferous-dﬂstr1cts in France,
French Gu1ana.:nd’ Canada. _ % :
Vertushkov (1966) determined the "moisture/gas ratio"
(essentia1]¥_thf«ratio of H,0 to COZ).fnégome 150 samples of vein

quartz from the southern and central Urals. ~He shows that the

N PN ‘ ‘\\
. : - - & &



L VO1ome of samp]e tran barren quartz. This vas 1nd1cated by both

42 .

value of this ratio decreases with metamorphic grade and that the
rat1oqfrom quartz of gold veins is Jower than for quartz of barren
ve1ns from the same locality. This study is: expanded in Vertushkov
'et al. (1970) in which the molar ratio H20 002 1n 2500 samp]es of
quartz from various Ural depos1ts was determ1ned Vertushkoumand
coworkers show that th1s ratio is notably 1ouer for gold- bear1ng

quartz than for terren qua(tzy For examp]e the following resu]ts

were obta1ned from the Byn' g1lgepos1t

VHZO/VCO2 ',‘h | Au content, ppm
8.7 ' o . 0.6 "barren quartz" -

6.0 . 3.5

‘2.5 e S 9.2 "ore quartz"

Ryabova® (1973) in a study of mineralization in Dagestan,

USSR showed that ore- bear1ng quartz conta1ns more inclusions per

decrep1tatkon 1ntens1ty and Toss on ignition resu]ts A]so the
‘ore bear1ng quartz gave decrep1tat1on temperatures of 240-280°C
wh11e tre barren quartz gave va]ues of 180-210° C.

Korobeyn1kov and Matsyushevsk1y (1973) also noted increased
decrepitation approaching and within ore- bear1ng zones; 1t being
p0551b1e tb corre]ate gold concentrat1on and 1ntens1ty of decrep1-’
’tation in many auriferoUs deposits df Siberia and the far eastern ;
sk IR A -
1 Summar1z1ng these notes 1t can_ be said that when compared

K P

~ to barren quartz aur1ferous quartz may show a greater abundance of . ”?

.

N
s
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. z ’ )
~inclusions, a §ignifieant but higher cohtent of C02--perhaps best
expressed as the ratio of HZO to C02 in the primary iuc]usions--‘f
'and"genera11y higher decrepitation temperatures and intensities.
0bv1ous]y the decrep1tat1on observations.are not cons1stent through-
' out the various studies and it 1s<Y1ke1y that the varying. nature
of the quartz is more s1gn1f1cant than the vary1ng go]d content.’

It is difficult to app]y these observat1ons to. the ve1ns
in'the metased1ments of the Yellowknife district. Variation in
atmndance af 1nc1us1ons is as 1arge within a 'single vein as it is o
between aur1ferous and barren veins. Ramsay (1973) indicates the |
~_common.occurrence of C02 in both the go]dfbearing veins and the
‘irregular barren veins. Qualitative observations of Ramsay and of
this study have not determ1ngp any s1gn1f1cant difference 1n CO
content between the two vein types. ‘Also Ramsay flnds no. s1gn1f1cant
difference in the homogen1zat1on temperatures of 1nc1us1ons in the
aur1ferqus and the barren veins. Results of this research do not
alter his observation. |

‘It is apparent that petrographic and micrethermometric obser-
vations cannot be used to distinguish:barren-veins from ore-bearing
veihﬁgan the Yellowknife distriet, but that there remains the poten-
Ltia] to draw a distinction on the basis of an analytical method

&

such as that of Vertushkov (1966).‘



i 5. OXYGEN ISOTOPE STUDY -

Introduction -

Fluid inclusion observations provide'an indication of the

v

§

temperaturé of formation of the quartz veins andvéive data on the
:composition df the hydrotherma1'f1uids responsib1a f&r their for-
mat1on Pre]iminary oxygen jsotope ana1yses were performed to
augment th1s information, w1th the aim of eva]uat1ng the use of |
the method 1n mineral exp]orat1on and, in combination with pub11shed

data, of determ1n1ng‘UF;u1t1mate source of the fluids.

' Background and Methodology |
Water is the main component of hydrotherma1 f1uids and a
know]édge of its origin is basic to an&.hyppthesis on the genesis
of a mineral deposjf. Natural waters of various origins show

systematic variations in their 18

0 c0nteats due to isotopic frac— -
4ionation during natural chemica] and physical processes. Con-
sequentTy oxygen isotope analysis isﬁan ideal method to characterize °
ore?forming fluids as it provides information on the nature of

the water molecules themselves. %

“ Five major types of water have been distinguished on the
basis of igﬁkopiC'analyses ahd all may be active in tha formation
of . hﬁneraiadepos}ts The fivé'types are: meteoric water, ocean
water, connate water metamorph1c water and pr1mary magmatic water

éﬁay]or 1379 The 1sotop1c character of these waters may be modi-

i@ged and more than one type may be.involved in the formation of a

o
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particular deposit (White 1974).

' Thekoxygen isotope ratios of quartz Were measured using the
BrF5 method '(Clayton and Mayeda 1963). ~ Quartz was treated with“BrF5
for 24 hours at 650°C to 11berate oxygen wh1ch was reacted with car-
bon to form carbon d1ox1de and ana]yzed on an 1sotope rat1omass spec-
trometer The ana]yses are reported in the fam111ar delta va]ue rela-
' t1ve to Standard Mean Ocean water (SMON) (Cra1g 1961) Pr, K.

Mueh]enbachs performed the analyses.

P G

rgﬁgg§§%0n

Results and

The 6 0 va]ues of the five samples of quartz ana]yzed are shown

in Table I. The va1ues obtained range from 12.3 to 13.4 per mil.

Kerrich (1980) has 0bta1ned values in the range 10 8-13.6 per m11 for

vein quartz from several dep051ts in the Yellowknife area; K. ,
Muehlenbachs has obtained results rang1ng from 10.8-11.9 per: qggajor 4
veln quartz from the Con m1ne (unpub]lshed d%t\\ One reason for this
pre11m1nary study was to determine if auriferous veins could be dis-
t1ngu1shed from barren veins on the basis of their oxygen 1sotope
values, as has-been suggested poss1b1e (Akopyan et al. 1976, Golding
and Wilson 1980). ~To test this proposal two of the'Samples analysed
were takeh from barren ‘irregular quartz veins with+n—the¥same’terrain.
The results of this study show that no'clear_distinction'can be made
between go]d;bearing veies and barren veins in the Ye]]owknjfe’dis-

o

trict using this method.

However it is noticeable that the values obtained from the \;w;

vein® within medium grade metamorphic rocks are approximately 1



Sample Location

and Number

Camlaren 6
Barren vein 1
Tom 4
Ptarmigan 1

" - Barren vein 2

The location of the barren veins is*given in Figure 13.

Theanalytical uncertainty amounts to 0.2 per mil.

© TABLE 1

OXYGEN ISGTOPE DATA FOR QUARTZ

Metamorphic grade
of country rocks
Low
Low
Medium

Medjum

D
Medium -

46

18
§ 0
vein quartz
- 13.4
. 13.3
2.3
12.3,
12.5

.
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~permil ]ighter than.those from-veins.in Tow grade rocts. This is not
surprising if the veins genesis is related to the metamorphism for
it suggests a higher temperature of equ111bration in-the medium grade
metamorphic rocks (Faure 1977) A Similar pattern is noted for re-
gional quartz segregation veins in pe]itic rocks of.. the Homestake
mine area (South Dakdta) Quartz . veins in medium grade metamorphic

rocks have 5 0 values about 3 perm11 1ighter than those for veins

in 1ower grade rocks (Rye and Rye 1974)

Oxygen isotope data, from the 11terature for~quartz veins
of the‘Yellowknife district are summarized in Table 2; note that the
single value for the Ptarmigan occurrence is similar to that found in
this study, 'Analysis of mineral equi1ibrium pairs allows isotopic

' ’ : . 18 :
temperatures and values for § 0 fluid to be calcu]ated and these

‘data of Kerrich and COJWOrkers are 1nc1uded in the table. However,

o
\

these researchers have used an ear]y value of the oxygen 1sotope
fractionation factor for the quartz-water system (C]ayton et_al.
1971) Qu1te different va]ues_are obtained using the preferred, re-
Vised C]ayton et al. (1972) fractionation factor (in Friedman and

0' Nei],”1977).' Reca]cu]ation gives an isotopic temperature “of 360 C
for Ptarmigan and values of 325-360 C (quartz—muscov1te) and 3;§;\\\
390°¢ . (quartz chlorite), for the Con mine. \

The difference between the isotopic temperature for Ptarmigan

and the temperatures of homogenization of f]u1d 1nc1u51ons in samples

- from Ptarmigan (this study) s some»50—120 C. This suggests,

assuming the samples used in the different studies to-be similar, a
pressure of 0.6 to ~1.4 kbar (60-140 MPa) at the time of formation

(data for a 5 weight percent NaCl solution, Potter 1977).
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' . 18
S1m11ar1y reca]cu]at1ng the 6 0 fluid values gives a d 0

fluid of 7. 0 permit for Ptarmigan and 6.7 to 6.9 perm11 for the
_Con mine. Unfortunately these values do not provide conc1us1ve
_ 1nformat1on on the source of the hydrotherma] fluids. Primary

- magmatic waters have a restricted range of 6 0 (+5.5 to +10. 0)
wh1lst metamorph1c waters have a wide range (+4 to +25) (Taylor
1979). The values for the veins in the Ye]lowkn1fe d1str1ct fall
within the over]ap-between the two types; the data are compatible
with either a magmatic fluid or a metamorphic fluid for the for-

mation of the veins.

Conc]usions. ' _ e

It is c]ear'from this pre]iminary study that oxygen iso-
tope analysis alone cannot determine the specific source of the
mineralizing fluids.’bNeither can it be used as ai}traightforward
| eva]uatﬁpn tool. NeVerthé]ess a detailed-oxygen isotope study of
the veins and of the host metasediments>cou1d provide a better. |
.understanding ofdthe relationship between the two aﬁd of the for-

mation of thq,yéins.



6. DISCUSSION AND SUMMARY

‘Origin of the Gold Mineralization

Various hypotheses have -teen forwarded for the origin of
the gold veins in the Ye]]éwknife dfstrict.‘

Henderson and Jolliffe (1939) proposed that the veins in
the sedjments were genetically connected with some Precambrian
Qranite and that the veins in the volcanics owed their origin to
a deep—seated magmaffc source. |

Such a magmatic-hydrothermal origin was also supported by
Coleman (1957) but in-a sefies‘of papers culminating in a sub-
vstantialbﬁémofr Boyle (1955, 1959, 1961) proposed a different
genesis. - He concluded that the veins in the volcanié§ were derived
by 1atéra1 secretion into diiatant zones during regional metamor-
phism. He a1soyapp1ied this model to the auri ferous veins in the
Sed1mentary rocks

| Various authors (Ames]962 McConnell 1964, Chary 1971)
cha]]enged Boyles conclusions and--in part through re1nterpret1ng
Boy]es data--supported a magmatic- hydrotherma1 origin. However,
general disenchantment with class1c magmatic-hydrothermal theories,
largely due to the recognition of syngenetic features in various
“of@'deposits, along with studies of gold mineralization elsewhere
prévided incfeased’support for Boyle's propdsal of lateral sepretion
as an important oreziifming mechaﬁism,

- The controversy over the origin of the veins has recently

50
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been reopened by the studies of Kerrich and coworkers (Kerrich
et al. 1977, Kerrich 1980). They aroposed that the shear zones
in the volcanics acted as high-permeability conduits a1on§ which |
convective fluid flow was concentrated: The f]dids were derived
at depth from dehydration reactions in the amph{toiite metamorphic
zone and depositad gold and silica.as they rose and cooled.

o This quet is inhmany ways not greatly dissimi]ar frdm‘
that of Boyle, for he also considered that the shear zones cHanne]]ed
fluids from depth, but he advotatéd a'significant cqntribution of
ore and other e]ements from the surrounding country rocks by d1f—
fusion processes leading to 1atera1 secret1on

To determine which of these models (if any) is cdmpatib]e‘

w1th the collected data and most applicable to the veins of the
present study, it is pert1nent to briefly rev1ew 1nformat1on
~ derived from experimental studies and descriptions of gold mineral-
ization e]éewhere, on the source, transport and depdsitibn of'gold;
and to discuss these observations Qith respect to the Yellowknife

district. .

Source of Jthe Gold

The source of gold in vein deposits has been much considered
in the literature, but proposals offered are normally quite speéu-

. s

lative for it is unusual that the source can be identified with any
. certainty.

Viljoen et al. (1970) and Pyke (1975) have suggested a '
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connection between go1d_vein deposit®s and ultramafic rocks on the
basis that these rocks have a high primary gold content. Similarly
Stephenson. and Ehmann (1971) tentatively propose mafic intrusions

as a source of gold for Archean mineralization in Manitoba. However
more'recent‘work suggests that in most cases ultramafic rocks do

not have above average gold contents.(Anrweusser et al. 1975, Kwong 
and Crocket 1978, Tilling et al. 1973) and the.study of waﬁg and
‘Crocket indicates fhat for a greenstone belt in northern Ontario

the gd]&uabundance in unaltered volcanic and sedimentary rocks is'
typically. 1ess than 2 ppb. , Cgﬁpf'

Boyle (1976)--considering the -typical content of gold in

2

unaltered rocks of greenstone be]ts to range from 5-12 bpbe-i11us-
trated how carbonatization or granitization (i.e. ultrametamorphism)
can re]ease enormous amounts of gold and suggested that there is
no problem in der1v1ng go1d, i.e. norma] rocks can be the source
of gold. Nevertheless it is obvious that if there does happen to
be a pnimary concentration of gold it will increase the;]ikeiihood_
of a secondary concentration occurring (perhaps in the form of "
go]d-quartz‘veins) In this respect su]ph1de schists, iron forma-
t1ons, intrusive quartz fe]dspar porphyr1es and sul fide-rich carbon-
aceous shales were offered as the most favourable source rocks
(Boy]e 1976)

‘Applying this to the metasedIments of the Ye]]owkn1fe d1s-
trict it is possible the carbonaceous sha]es_acted as source-rocks,

though given that the greywackes formed from erosion of felsic
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volcanic and intrusive rockéi(Henderson\1975) it is unlikely that

their initial gold content was particularly low.

Transport and Deposition of the Gold.

Experimental studies of gold transpért suggest that gold may
" be tran&ported either as a chloride complex or as a sulphide complex.

Transport as a Ch1oridé>comp1ex is favoured in high tem- L
perature, acidic, oxidizing solutions (e.g. Helgeson and Garrels .

1968, HenTey 1973) while sulphide complex transport is more’}ikely
in 1ower temperature, alkaline, less-oxidizing solutions (Weissberg
1970, Rytuba and Dickson 1974). Seward (1973) demonstrated that at
temperatufes below 350°C~maximum gold so]ubi]ity'iﬁ approximately
neufra] pH solutions (considered most comparable with ore-forming
fluids) will be achieved with thio complexes.

Ai high temperatures with gold hiQh]y soluble in chloride
solutions buffered at.an’oxygen fugatity ger «+ted by the hematite-
magnetite pair, deposition of the gold can ue brought,abqut.py cooling
or by changes te lower fugacity (Henley 1973). At lower tempéra@% _
with gold existing as thid complexes, deposition of gold can be 'Mh‘ﬁﬁ
brOUght\about by decreasing temperafure, change in pH or an increase
in oxygen fugacity‘(Rytuba and Dickinson 1974, Seﬁard 1973).

Which of these ?bods‘of transpor£ was operable in the
Yellowkni fe district:cannot be ascertained from the data collected
in this study. The chloride éomposition of the hydrothermal fluid

is indicated by the fluid inclusion data, but the observations of

/
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Ramsay (1973) suggest-that the fluid which deposited the barren veins
also had a similar composition. It is noticeable that the barren
veins do not contain sulphide minerais and this lack of gold and

sul phur suggests that sulphur species may have\pJéyed a predominant
role in complexing and transport of the gold. )

Considering the high carbon dioxide content of the hydro—”
thermal fluid, another possibility is that of d%ﬁd transport by
carbonate or bicarbonate complexes. Such complexes may be important
in the transport of uranium (Langmuir 1978) and have beenfsuggested
for the transport of tungsten- (Higgins 1980) but the possibility of
similar complexes being important in gold transport has apparently
received little experimental study.

Factors important in causing the deposition of gold in the
Yellowknife district are difficult to discern. From experimental
work Henley (5973) énd Rytuba and Diékinson (1974) suggest tempera-

ture may be important and this would certainly answer why the veins

~occur main1§ near the cordierite isograd. Such a limited spétial

distribution has been noted in numerous d1str1cts of go1d quartz
vein mineralization in metasediments. For example, the gold d1str1cts

of Lena, USSR (Buryak 1967), New Zealand (W1111ams 19657 andaﬂova

Scotia (Tay]or and Schiller 1966)..

of fo]ds--decrease in pressure may have been Of s1gnf,:§”>

ﬁ“ v e

¥
mak1ng gold complexes unstable and br1ng1ng about. depbs1t1on
‘;”‘%
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However based on experimental studies Seward (1973) considered it
of limited importance.

A reduction in oxygen fugacity would also likely cause
deposition of gold though 1f§"role in fhe Yellowknife district is
difficult to evaluate. However the association of the go]d
mineralization w1th blue, dark grey, or black quartz (1.e. quartz
containing graph1te or amorphous carbon) is notable (Boyle 1953).‘
~ Such an association has been observed in numerous gold districts
(e.g. Thorpe J975) and in some deposits it has' been possible to
quantify the‘re1ationship between gold and carbon (Mel'nikov 1980,
Zakharova 1975). This would suggest reddctioh of oxygen fugacity
is important in gold deposition. Consequently the slate (and |
carbonaceous bioti;e schists) may not only have provided an im-
porfant structural ;ontro1 (acting as a re]ative]y impermeab]é
barrier, or as a}dilatant zone due to fracturing, sﬁearihg or folding)
but also a chemical control on the»depositionof;the gold.

"Boiling" or f1ﬁid jmmiscibility may also have encouraged
tH; instability of tHe transport comp]exeé, particularly if car-
- bonate compiexes were involved. However "boiling" has been noted.

in barren veins (e.g. Cr&wfordnet al. 1979) and is not always

associated with ore depos1t1on in vein depos1ts (Spooner ]981)

Summary

In summarizing this information and the data from the fluid

inclusion study the following model, similar to thoseof’Pgtrov et al.

C:§§



 plexes became unstable depos1t1ng gold at moderate temperatures

| Sy
(1972) and Henley et al. (1976), can be outlined.
A hydrothermal f1u1d of high temperature and re1at1ve1y 1ow
' sa]1n1ty, der1ved from dehydrat1on accompany1ng amph1bo]1te grade
metamorph1sm of the sediments, m1grated upwards through the rock
\sequence carry1ng gold d1sso]ved from the country rocks On de-

creas1ng temperature, pressure and oxygen fugac1ty the gold com-

The temperatures of depos1t1on (in the order of 250-350°C) a]ong
with wall rock alterat1on and structura] cons1derat10ns suggest
the m1nera11zat1on took p]ace after the peak of*metamorph1sm as
temperatures were dec11n1ng and compressional forces were released.
Later stage hydrotherma] fluids were ofilow‘temperature and
moderate to high sa]inity;‘ These'fluids are similar both i;ATh ano.
sa]inity'to‘tluids responsib]e for MissiSstppi Va]Iey—type mineral-
jzation; their age is unknown anq they cou]d represent a Proterozo1c
or Phanerozowc event ~The observat1on of Boyle (1969) that gold is
sometimes assoc1ated w1th secondary 1nc1us1ons suggests that these

late stage fluids partia]]y.remobq;1zed some of the gold.

i

Conc]us1ons '
. The ch1ef conc]us1ons of th1s work are as follows:

])> F]u1d inclusions and oxygen 1sotope data, a]ong with con-- :
s1derat1on of the apprOpr1ate phase systems, 1nd1cate that depoS1-
tion g of the quartz ve1ns and assoc1ated go]d m1nera11zat1on occurred
~ from a f1u1d of moderate temperature (250 350 C) and low sa11n1ty

(5 weight percent NaCl equhva1ent) at a minimum pressure of about
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1 kbar (100 MPa).
2) A later stage hydfotherma1 f1uid;ﬁas of low temberature
(gg4o°c):and moderate to high salinity (v11-30 weight percent NaCl

equivalent) and partially remob’ “the gold.

3) The data from this st e are inconclusive but consi-

dered in conaunct16; W1th pub]ished work, leads the author to favouf
goid- quartz vein, format1on through metamorphogen1c processes, largely -
'in the way that Fyfe and Henley (1973) and Henley et al. (1976) have
out]ined.' |

'4)' With reé%fd to future studﬁes furfher extensive fluid in-
clusion research does not appear warranted considering the poor
-quality of the sample material and contained inclusions. . Never-
_theless .é detailed study of a sing]e deposit invo]Ving researsh
on fluid inclusions, oxygen 1sotope and wall rock a]terat1on, a]ong
with observat1on of the distribution of gold and carbon spec1es
Gnotab]y c, co, and CH4), coq]d prov1de_SIgn1chant 1nf9rmat1on on-
the genesis~of'such deposits. The reopening of the Camlaren mine
. could prov1de n 1dea1 opportun1ty for such a study.

On a more" genera] aspect, the author, through this study and.

associated 1iterature‘rev1ews,‘considers that the role of carbon

2-
3

of gold déserygs further reséarch.

(i.e. C, CO,, CHy, CO,°7, HCO5T) in the transport and/or deposition’
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APPENDIX I

BRIEF NOTES ON THE GOig© OCCURRENCES STUDIED

=

The following brief notes are compiled from variogﬁ‘sources'

tn_inch‘xding‘ﬁe]d observations. Further information on these and

other gold occurrences of the Yellowknife district, particu]ar]y

ktdeta1ls of the1r exp1orat1on and deve1opment h1story, can be found

#

- in the fo]low1ng references' Baragar 1961, 1962; Baragar and Hornbrook

'qﬁﬁ‘IhOrpe_1972._

'y

L

: g ' ' = e s
sheared zone up to 50 cm wide. This ‘zone contains graphitic material

1963, Boyle 1961 .Gibbins et al a1 ]977§mHe@fo on and Jol1iffe 1939,

‘Lord 1951, McG1ynn 1971, Padgha ) ;f;",u 19765 Sch111er 1965

- H

- :
Occurrences

Bay on the west s1de of Gordon Lake (F1gure 8), approx1mate1y 75 km

NE of Ye]lowkn1fe The property reportedly has five known go]d

show1ngs (McG]ynn 1971) of these the main East (#1) and West (#2)

_zones were exam1ned Thesslg in systems outcrop on a small pen1n-

sula within the AM 1 c1a1mq§nd are exposed in eight small trenches.
The host ﬁg%ks are'isoc]ina]]y folded low grade metagreywackes
‘and.slgtesz with the bedding treﬂging'1]0-1309.- The qDarti veins
are subparaliéT to.the bedding:and"appear'to occur near the nose of
p1ungi€1q which is indicated to be'a synch'ne; by graded bedding.

The Eas ne is about 50 m long and consists of quartz veins in a

v
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and the quaétz is dark grey to biuish dn colour. vMinor pyrite, galena
and visible go]d were observed wh11s arsenopyr1te and spha1er1te

have a]so been reported (McGlynn 1971) ~ The West zone, about 70 m

. long and 30-50 cm wide, is simiTar in character.’ (See Figure 9).

\]
Camlaren o "

~ N
" d

The Camlaren mine is situated aporoximate1ya85 km NE of
Yellowknife on the east eide‘of Gordon Lake (Figure 8 ). fhe
propertyb1s umyer1a1n by Tow grade metagreywackes and slate in
which numerous quartz veins, para11e1 to bedd1ng, occur. The host
o rocks are i50c1ina11yvfo1ded and strike 020-045°. First developed
~“"'"'ﬂm the late 1930 s the mine has recent]y reopened. At the time
of V1s1t1ng however the mine was c]osed and samp]es some conta1n1ng

g

P
v1s1b1e gold.along with pyr1te ga1ena and spha1er1te were co1-

1ected from the i’he stockp1]e.

There are three main a;riferous quartz veins de]ineated, ‘the
'host 1mportant of which is the Hump vein (Hendeh;on and Jolliffe
1939) This veih OCCUrsvin'a zone of'thin1y bedded slate and meta-
greywacke in part paralleling the bedding and part cohcentrated in
‘the nose of a fold which p]unges steeply to the NE (Figure 10).
The vein is 1-1.5 mat surface though widens to 6 m in the saddle of
the fo]d - The quartz is 11ght blue- grey in eo1our and graph1te-
coated shear surfaces have been noted within the vein and at its
contacts (Henderson and Fraser 1948). The gold is generally asso-

ciated with the sulphides (which constitute Tess than one percent-

- of the vein); chalcopyrite has also been reported.
) - T /o
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In the early sixties about 12,000 tons of ore was milled,

grading Just over 1 oz. per ton. -As of 1975, reserves were esti-

mated at 56 000 tons grading 0.62 oz. per ton of go]d (Gibbins et

al. 1977). ' v
9
Joon
L This occurrence is about 75 km E of Yellowknife, immediately

N of "Strike Lake". The host rocks are low grade metagreywacke
and slate which str1ke 140 150 and d1p steeply to the east. ‘Thgr
m1nera11zat1on occurs in two main zones: the West zone, ~60 m by

5m and the East zone ~30 m by 0 5 m, at surface. These ﬁifS1St of

nargow quartz veins subpara11e1 to the bedd1ng and associated with

m1nor shearyﬂg 1n a graph1t1c slate hor1zon The-quartz is blue-grey
T co]our and contains m1nor gyrite and visible gold which are

| ma1n1y found at the ve1n contacts. (See Figures 11 and 12).

. 'Ore' reserves. have been esti at about 2,000 tons
grad1ngJ2 0z. of Au per ton (Padgham €y 976) and in the 1ate
sevent1es product1on amouﬁied to 300 oz bf Au from hand sortedrore
Ruth

) » 9
Located nearly -95 km east of Yellowknife, the Ruth property
is underlain by steeply dipping folded, low grade metagreywacke and
slate. Thére are over 90 trenches on six veins ithin the property

but most development work has been on three of these veins. In this

study samples fof fluid inc]uszn study‘were collected from one of

these three veins, the #2 vein, in the vicinity of the old shaft.
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, The #2 vein is hosted by steeply dippddg strata which strike
000-020° and face east (indicated by well developed graded bedding)
The vein subparalle]s the bedding, occurs ma?nIy within & slate horizon
and is exposed for some 400 m, being 30- 40 cm wide Ha11 rock
alteration is very minosgghere being sl1ght development of biotite
. and arsenopyrite The ql¥rtz is fine grained, white to grey in
v")co1our,‘wﬁth occasional biotite 1nc1d§755§_§ﬁd~zdntains-minor ‘
pyrite and vieible gold. Lord {1951) recorded the presence of
seheelite also. | ; } .

The #2 vein has been estimated to contain épproximaéely
2,500 tons of ‘ore’ g}qding 2.2 oz of Au per ton (Padgham et al.

1976).
Occurrences in Medium Grade Metamorphic Rocks

Ptarmigan

The Ptarmigan mine is situated 10 km NE ?fvendwknife, |
south of ﬁrosperous Lake. A»nUmber of quartz veins chur en
echelon hdsfed byva quartz mica schist, the higher grade .equivalent
of the metagreywacke'and slate. Relicf bedding'indicates a’strike
of about 170° for these rocks; they dip steepl] east and are over-
turned (See Figure 13) _

The main auriferous vein (#1) cuts across the bedding,
striking at 115° and is expesed discontinuousTy for 400 m and
averages 4 m in’widfhe ~The quartz is mainly light td dark grey,

_coarse g‘rained and vitreous. Even in han‘d_‘spe'cimen it can often be
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seen that“%he‘colour"QS causad by‘disseminated black snecks. Milky
‘white quartz veinlets also ocCur; Boyle (i961)_eonsidered these to
be later than the gre§:‘g1assy quartg but as Ramsay (1973a) noted
the re]ationsh{p is not-always clear. Todrma]ine and Well develaped
biotite occunhsporadically a1ong the vein contaets“ Visible gold
138 genera]]y assoc1ated with su]ph1de m1nera11zat1on, pyrite, ga]ena
and sphalerite are, the most common. Boy]e (1961) recorded

. arsenopyr1tg, chalcopyrite and pyrrhotite as we11,'a1ong with

scheelite. Dur1ng 1941-1942 about 35,000 tons of ore were milled,

averaging approx1mate1y 0.34 0z of Au per ton (Lord 1951).

Tom
This property is jusf N of the Ptarmigan mine, some 12 km

from Yellowknife. The'nineralizafion'is hosted by quartz mica schist;
relict bedding is'steepfla_y dippi;g and,“str'ikes 170-1800., inda'stinct '
graded bedding suggests the strata face west. (See Figure 13).

| The main auriferous vein (#3) is very similar to the Ptarm%gan
veins and may represent a cont1nuat1on of that system.- The vein out—
crops forapprox1mately400 m and averages 2 m wide; it crosscuts
the bedding, striking at 110-120°. The quartz is white to dark grey
in colour andfraries from saccharoida] to coarseegrained Pyrite,
ga]ena and visible gold were observed in samples taken from a small
_dump around the shaft Wall rock a]terat1on 1s 11m1ted to the
deve]opment of coarse b1ot1te, pyr1te and traces of pyrrhot1te
M1nor quartz tourma11ne ve1n1ets occur alongside the main vein,

they are discontinuous and #rregu1ar and their relationship to the

P



. main ved#r is uncertain.
/; .

- Tin ‘o
The fin'éécurrencé is on the southléhore of Prosperous Léke,
*about 13 km NE of Ye]]owkn1fe The host rock is duartz mica schist
" which exh1b1ts bedding which strikes 018;030°'and the beds dip
steep1y‘to the west. The m1nera11zat1on 1s 1arge1y withina 1 m
thiJk, yeiTow-weather1ng seric1te’sch1st perhaps representative
"of a small shear or fault which crosscuts the bedding. Massive
dark grey to black sphalerite is common and occurs along with anker-
ite, minor pyrite and traces of visible gold and pyrrhotite. The
presence bf cha]copyrife is suggésted by minor malachite staining.
Assééiated’with this minera1ization, Which is exposed in a. trench
about 10.m 1ong, are numerous subpara]ie1 veinlets of white to
dark grey quartz Outside of the sericite schist zone these veiné
are edged with well-developed b1ot1te No produétion is reported

from this small showing. (See Figure 13).

The TA property is s1tuated 84 km ESE of Ye]]owkyffe just
north of Bullmoose Lake. The country rocks vary from coarse- gra1ned
quartz mica sch1st to finer graingd biotite schist represent1ng the
metamorphosed equ1va1ents of gr;jggcke and shale. (See Figure 11).

/Seven main veins occur on the property but most of the

deve1bpmentvwork was Egrr1ed out on the #4 vein and this is the one

that was sampled. - The vein strikes approximately 1650 and dips
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5feep1y to the eaét, para11e1 with the beddind.‘ It occurs at the
\contaﬁt bétween a quartz mica schist and a finer grained biotite
schist; minor shearing is ethbited all 51ong the vein. ~South

of an old shaft the vein avé;;;§5'10’cm,in width, raﬂging up to

" 30 cm; north of the Shaftfjt is'widef, 2-5m, thougﬁ‘is;partia11y
obscured by rubble. Overall length ig about 150 m. The quartz
varieé from a fine-gréined wh%té type to a dark-grey vitreous
variety; pyrite and traces bf visibie gold were the only meta]]i;‘
minerals noted. Wallrock alteration is limited fo the‘deve1opmeﬁt
of coarse-grained biotite. Production has been limited to a 1ittle

hand-sorted ore in 1940-1941 (Lord 1951).

Hidden Lake
This showing is Tocated 45 km ENE of Yellowknife, north

of thé east end of Hidden Lake. The country rocks consist of thinly
\\bedded;quartz mica schists which strike 150-170° and dip at 25-30°

east. tht]e is visible at surface, but underground development

work indicates the mine%alization fs found in”a series of quartz

boudins which subparallel the bedding (Schiller 1965). Reported

meta]]icrminera1svare pyrite, galena, chalcopyrite and visible
~gold. Tourmaline and biotite occur as‘alteration minerals at the

margins of the quartz veins. Samples were_pollected frpm.several

small p?ﬁs about 20 m W of an old shaft. Drilling results suggest

the mineralization is of very limited exteﬁt (Padgham et al. 1?76).
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Barren veins - . S
) Numerous small, irregular bodies of vein 5uaftz occur in

the metasediments in the Yellowknife area; as;far as is known they*
do not éontain any gold mineralization and are thougﬁt to have formed
during metémorphism (Boy1e11961; Ramsay 1973a). In a study of quartz’
frdm_thése yeins'Ramsay (19733) determined a main range of -Th of |
210-270°C for primary inc]usions and of2115-165°C for sécondaryf
inclusions. No freezing studfes were pérformed but he noted that
many of the secpndary inc]dsiOns were gaturated at robm temperatq:e;
Hé sugge;ted that the primary'inclﬁsions were s1ight1y.under$atur—_

ated. The types of inclusions that he notéd are broadly Siﬁi]ar to

fhose observed in this studx.



APPENDIX IT .

FLUID INCLUSION METHODOLOGY

Instrumentation ’

The equipment used in this study was a Chaixméﬁa micro-
thermometry apparatus (qué1lVI 2120) specifically desigqeq for
the study of fluid inclusions. Itxéonsists'of a combfned heating
and freeziﬁglstage, hfth sample chamber, and a console with‘

- temperature read-out and contro]]ér. +

. The bronze a]]q& stage is Heated»using an annular resis—
tance heating coil; cooling is achieved by a flow of n}trogen gas
thrdugh the stage. The gas is first cooled by passing.it through
a copper coil within a Tiquid nitrogen bath. The stage contains
a pTgtfnum resistance thermal sensor whfch is connected to a
digital voltmeter havingia resoNition of 0.1°c. 'fhe equipment can
be used in the range—180°C to +600°C.

The heating-freezing stage is attached to a Leitz micro-
scope and is used-wjth 5x, 10x, 20x, 32x and 40x lenses, and 25x
and 10x oculars. The ZOX'and 32x lenses have been fitted with
water jackets so that tﬁéy can be cooled by circulating water
during high temperature use éf the sfage. |

A plastic sleeve can be'fittéd between the lens and the
sample chambe} to impfﬁve insulation and decrease frosting wheh
using the stage at low temperétures. I1lumination of the fluid

inclusion samples may be improved by using an.American Optical

.89
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Corporation flexible fibre-optics illuminator.
A small black and white television camera has been fitted

to the microscope so that the inclusions underlgbservation can be

displayed on a television screenuf is increases operator effi-
}bgéﬂca1 resolution is slightly

") Pecessary the microscope is

!

ciency by reducing eyestfafg:iﬁrbv
poorer. When precise 6%;!&,,‘
. used d%rect]y.

Poty et al. (1976) describe and illustrate a similar
microthermometry appératus. Tests they carried out at 380°C |
wﬁndicafe a vertical gradieqt of 0.9 td 1.0°%C ovef a distance of
up- to 1 mm above the heating stage. At this temperature tests
show that in the optic field of thé'stage the horizontal therma1‘
gradient was not more fhan 0.8°C from the Eentre of the optic
field to its edge.

For future studies it would be worthwhile to follow the
moddifications of Cﬁnningham and Carollo (1980). s«These include
the use of a Water;jacket for»tge microscopevlens (as has been
done), alteration of the sample chamber and thermal insulation
of the stage. The modifications result in imﬁroved 65%1ca1 resol-
ution, decreased thermal gradients'and'a more linear calibration
curve. |

For‘pro10nged use of the stage at high temperatures it
would be beneficial to obtain the gp]d-coated stage available from
Chaixmeca. This prevents oxidation of the stage which otherwise

may occur under such conditions.

90
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'Cafibration
| - Good precision can be achieved using the microthermometry
techniques quer standard operating procedure. An indication of
the possible reproducibility of results is given in Figure 14.
However, to attaih accurdcy it is hecessary to calibrate
the ?ﬁstrument. This 1is done by measuring the melting point o%
high puriEy compounds. = Surprisingly few pompohnds are suitable

for use: many substances having melting points within the range

of interest, dissociate or melt incongruently aﬂf-_s“T'
. ’w'~ »

7 The stan= - qzig

dards chosen and used'are listed in Table 3. Jéh] (1975,

compounds giwe poor reproducibi]ity due to Hydra

Annex I11) discusses calibration and the choice of standards at
some length.

For determination of the melting points the standards
were sealed within glass capillary tubes. Mainly square and
rectangular cross-section capillary tubes of 0.2-0.5 mm internal
diameter were used ég it was thought these would best approximate
fluid inclusion samples, and give better thermal contact than
capillary tubes with a circular cross-section.

Sealing the compounds within the glass tubes was a /
problem, pa;ficu]arly with the volatile organic liquids. In\an

attempt to solve this a carbon dioxide laser (designed for surgery)
was used to fuse and seal the capillaries. The laser provided a )
high temperature point source of heat, and facilitated rapid

fusing of the glass with diminished Toss of the compoqnd by
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FIGURE 14: Microthermometric stage reproducibility. Plot of 20

_~ measurements of TmCOE for a single three-phase inclu-
a

sion in guartz from Camperio, Switzerland. This is
an interlaboratory standard and the value of -56.6°C
(the triple point of COZ) is assigned to the peak.
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TABLE 3
MOCROTHERMOMETRY CALIBRATION STANDARDS

Name ‘ Formula . Melting Temperature

oc
a) - cyclohexene . C6H10 -103.5
b) heptane C7H]6 - 90.61
c) octane C8H18 - 56.79
d) CO2 inclusion CO2 - 56.6
e) ethylene glycol HOCHZCH20H - 11.5
f) Merck 9670 ? +70
g) Merck 9700 ? +100
h) tin terraoxdide SnI4 +144.5
i) ammonium nitrate NH,NO, +169.6
Jj) Merck 9780 ? +180
k) Merck 9800 ? +200
1) mercuric bromide . HgBr, +236
m) Merck 9847 ? o +247
n). antimony trifluoride SbF3 +292
0) sodium nitrate ' NaNO, +306.8
p) arsenic trioxide ASZOé ' +315
q) anhydrous sodium acetate NaOOCCH, +324 ’
‘f) potassium dichromate K2Cr207‘ ' +398
s) thallium bromide ~ TiBr, ' | +480



volatilization. Although results were further improved by first
freezing the volatile compounds, proper sealing was difficult to
attain.

> The outside diameters of the capillaries were very close
to the average thickness of the fluid inclusion samples, fhere-
fore vertical temperature gradients within the héatihg—freezing
stage could be disregarded. Horizontal gradients were minimized
by'ténsidering only that part of the standard located in the optic
centre of the stage. The operating procedure used erihg calibra-
tion (i.e. stage and sample positioning, heating rate, lens, flow
rate for water jacket, illumination, etc.) was as clo§e as pos-
sible to that usedlduring subsequent examination of the fluid
inclusion samples.

A heating rate of 0.25°C per minute was used within 10°C
of the target temperature. This approaches static heat-flow con-
ditions and results in lower thermal gradients and reduced errors
(Roedder, 1976). ‘

The temperature of melting of the Tast solid at the optic
centre of the stage was taken to be the melting point. This
limits the influence of impurities which generally lower the
melting-point of a substance. Several readings were téken on each
standard to check on reproducibility of results.

The results are plotted in Figure 15 as a calibration
curve. Figure 16 clearly shows the correction factor that must

be applied at any given, recorded temperature. This figure also
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demonstrates the decreased reproduc1b111ty at high temperatures
wh1ch is due to the d1ff1cu1ty of ach1ev1ng 1ow, contro]led
heat1ng rates at such temperatures !
| D1scusswon of the pract1ca]1t1es of ca11brat1ng and us1ng‘
-microthermometr1cequ1pment u;w1de1xd1spersed in the 11terature
and often in less accessible.seurces such as’theses. However
Rbedder‘(1976) covers some aspeCts with particular regard to ore
deposits ahd, fortunately, in a recent paper Hollister et al.
(i981) compiie and review avai]ab1e infdrmation. This latter
_reference is strdngly recdmmehded to anyone embarking on a fluid

inclusion study.

" Crushing Method
//’[‘ ‘Minute grains from the fluid inclusion samples were crushed

in a crushing stage while being examihed through the petrographic

microscope. As first described by Deicha (1950) this method allows

the detectioh df gas-under'high pressure in fluid Tnc]usions. An
adamtation Qf the technique enables gqualitative determination of
thejgas(esj present. | |

= ,' The crushing stade used is sijﬁiar to}that descr%bed by

| Roedder (1970); he gfves detaf]s of the design and dperation of

uch a stage The metﬁgd allows the detection of the presence of

as 11tt]e as 10 ]4

g of nonecondensable gas and ‘the estimate of
,the confining pressure if the vo]umes of the gas bubble before and
“after crushing are COmpared.'_Varying'the crushing medium can

.ihdicate the nature of the gas released upon crushing.
e .
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The'samples’were first crushed in anh&drous g]ycerine.
H20 is. 1nstant1y absorbed by the glycerine but CO2 and many
hydrocarbons are 1nso1ub1e and are v1s1bﬁe as small bubbles.
_By then crush1ngfsamp1es in barium hydrol1de solution COZ can
be 1dentified (Rasumny 1957, i1960) -The\ barihm Hydrdxide
reacts with any CO2 released from the 1nc1us1ons form1ng a white }
prec1p1tate. A]ternat1ve1y an atkaline b§r1um ch]or1de so1ut1on
can be_used to detect C02 (Roedder, 1970); F1na11y the samples
are crushed in COZ—safurated kerosehe; this absorbs hydrocarbons,
but not CO, which will form small bubbles-in the 1iquid.

Further details of the technique are given in Roedder
‘ _(1970, 1972). It is worth noting his caution'thét, with such
small volumes of gas, an "ineo]uble" gasvmay disso]ve_in the
Tiquids used-~though more s]éwly than a so]ub]e ges.

"The resu]ts of the crushxng experiments are presented in

Table 4.¢



TABLE 4

3

CRUSHING RESULTS--GAS EVOLUTION

. -Sample No. - : - Crushing Fluid

a) Anhydrous _ b) (O, saturated c) Barium
Glycerine Kerosene Hydroxide
Al L Minor ‘ No . No
A2 Moderate No No
A3 Minor = = No No
A5 . Abundant Minor No
A6 ~ Moderate . Moderate " Minor
‘A7 Minor : Minor ' No
A8 Moderate Minor No
A10 Moderate ‘ Moderate No
Al - Minor ' - Minor o No
Al2 , - Abundant Abundant Minor
- A14 Abundant Moderate : No
Camlaren . , : ‘
- Abundant Abundant o ‘Minor
c2 : Minor , Minor ‘ ‘ No
C3 "~ Moderate ' Moderate o No
c4 _ Abundant Minor . No
C5 Abundant v . Moderate . ~ . Minor
- C6 Moderate Minor = No ‘
C8 - - Minor Minor . : No
c9 Moderate Moderate No
cio , . : Minor =~ “ . Minor - ' Minor
- N _Minor Minor : - No
€12 . Moderate ‘ Minor No
: 213 ; “Minor ~ No- . No
Joon : AP ' -
SN A ) Minor -~ = Minor No
=1 J2 ~Moderate _ Minor No
J3 ... No - No , o No
J4 ] -+ .Moderate . - Minor , No
J5 . . - . Abundant - Moderate Moderate
J6 I - Minor : - No -~ ’ -, No
-d7 _ Moderate o Moderate ] Minor -
J8 ’ - Minor ‘ No : No

~

J10 - ‘Moderate - No | _ No

,'\’
r



- Sample No.

Crushing Fluid

100

a) Anhydrous - b) CO0, saturated ¢) Barium
Glycerine Ke;osene Hydroxide
Ruth
R2 Abundant Moderate Minor
‘R3 Moderate Minor Minor
R4 Minor No No
R6 Minor Minor No
R7 No . No No
R8 Minor " No No
R9 Moderate Minor No’
R10 ‘Moderate Minor. Minor .
Ptarmigan ‘ :
PT Minor No - No
P3 Abundant Minor Minor
P4 Moderate Minor No
P5 Minor No No
Tom _
Tl Moderate Moderate Minor
T3 Minor No No
T4 Moderate Minor No
Tin _ :
S1 Moderate ~ Minor ~No
S1 Moderate - No No
TA
D1 Moderate Minor No
D4 Abundant " Moderate Minor
D5 Minor No No
D6 No No “No
.08 Moderate No No
Hidden Lake '
' H1 Abundant Moderate Minor
H2 Minor No - No
H3 No No - No
_H5 Moderate Minor No
H6 Moderate Minor - - Minor
H7 Abundant Minor "No
H9 No ’ No No
H11 Minor No

a) High pressure gas indicator
b) €O, indicator
c) CO, indicator

}  Together may indicate hydrocarbons

No
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APPENDIX III

- FLUID INCLUSION SALINITY -DATA
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Locality and
Sample Number

Measured

Class
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Wt.% NaCl
Equivalent

Tm°C
Range

A

Inclusion Number
Measured

Class

Locality and
Sample Number

Ptarmigan

o (=0
<t . — -
™M . NN . (o)
- O — .M -
O _8] .
-1 [ t 4
— N~
ot - N ™M -
....... oy
NN e—~NOYN —

--------

NN~ NNN—™

auvauno wva v

P1
P3
P4
P5

-

Tom

o
(Vo) .
*c M — N P~
— ™M . —
1lr0. 4_
] 1 ]
P~ ™~
<t OO - [« 2 T
. e [ee) .oy
0o — o) r—
(V]
[o2 K=o N e, O
. e p—_ .
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O O 4 (@]
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N W - )<t
.« . LD e
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1 1 ] I+t

—MmNM NN

a wva wn a v

T
- 13
T4

-2.1 to -4.4
=7.2 to -12.3

- -8.8 to -13.4
-2.7 to -3.4

-

10.7 - 16.3
9.9 - 14.2

3.5 - 7.1
4.4 - 5.6

NMANM

a naowm

-6.5 yo -10.2
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< —r—
O *sr= + 200 OO e—
O *Mr—r— L

WO rO—r—- N Oy

—t OO DO~ I~
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..........
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D1
D4
D5

D6

D8

-2.8 to -3.7

Hidden Lake

2.2
-16.7

O < O 0

TN O

-4.6 to -8.4

-3.5 .
6.5 to -12.7

a o wm
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HZ2



Locality .and - Inclusion Number
Sample Number Class Measured
H3 S 3
H5 S 2,
wo' H6 P 2
S 2
H7 P 2
S 2
H9 S 2
- HN P 1
S 3

-5.5
-3.7
-2.0
-6.7

© -3.2

-6.2
+134

-5.7.

-3.0
-6.8

TmoC

Range

to
to
to
to
to
to

to

to

-7.5
-6.0
-4 .4
-8.6
-11.2

-9.2,

-5.9
-11.1
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Wt.% NaCl
“Equivalent
8.6 - 11.1
6.2 - 9.3
3.4 - 7.1
10.2 --12.4
5.2 - 15.2
9.5 - 29
8.9 - 9.1
4.9

10.3 - 15.1

Negative Tm values are of Tm ice.

Positive Tm values are of Tm NaCl.



APPENDIX 1V
FLUID INCLUSION HOMOGENIZATION DATA

Locality and Inclusion Number Th®c Remarks
Sample Number Class Measured Range ’
AM
‘ Al primary 5 209-231
- .77 T.secondary 6 107-121
- A2 P 8 213-270
‘ - S 4. 121-144
A3 " p o 3 251-253
_ - © S 6 212-168
A5 P 6 212-240
S 7 126-201
A6 P(?) 2 211-221
S 4 139-151
A7 P 5 239-267
_ S 8 155-210
A8 P 3 224-235
S 5 122-136
A10 P 4 253-264
S 6 111-148
All S 5 - 129-134 o
Al2 R 3 285-301 "One vapour phase
S ; ? inclusion
S 7 129-151 -
Al4 P 1 310
N S . 4 149-170
Camlaren ‘
Cl P 2 302-308
S 4 112-151
c2 P -3 250-264 VG
S 5 141-202
C3 P ©2 272-286
. S 3 139-148
c4 P 4 219-243 .
S 5 129-161 .
c5 - P ] 245 :
’ S 6 132-161
Cé P(?) 1 227
.S 3 T13-141
c8 P 3 234-256
. S 3 117121
c9 P 5 224-274 VG
S 6 125-176
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Locality and
Sample Number

Joon

* Ruth

c10
cn

ci2
C13

J1
32
J3
J4
J5
J6.
J7
J8
J10

R2

R3
R4

R6
R7
R8.
R9
R10

~

Inclusion
Class

P
S
P

»mowmowm

NOULVOUWVWTOWMTUVNOUWNMOWNTTWMOUKM O

14

Number
Measured

3
6 N
4

(SRR~ R AV,

POINWWBNOITWRNDWP W

PLUOWW—BDBONEROOOWHRRN

-

Thc
Range

212-274
131-170
237-280

124-182
205-283
137-173
233-264
139-181

263-268
121-141
261-291
136-149

. 233-281

131-153
212-276

131-160

239-248
137-181
244-273

123-131

314

122-143
261-289
111-139
253-281
107-136

203-276
160-180
178-210
283-291
113-138
232-245
126-161
245-322

£ 122-135

213-251
131-164
244-267
121-182
233-250
116-153

106

Remarks

VG, 1 vapour phase
inclusion

VG
One vapour phase inc.
VG
VG

One vapour phase inc.

VG

One vapour phase inc.



Loca]#ty and
Sa@ple Number

Ptarmigan
P]

P3
P4 .

P5
Tom
T

T3
T4

S1
Se

D1
D4 -
D5
D6
D8
'ﬂigden Lake
W
H2
H3
H5

Inclusion
Class

TTw»vmoOW!m YO

VO W;mwoOoW;mo w» O wn

(Valm= R % R vl 0 Bn o W ¥ Ban o s Mo o »vowm T

numowmowm o

Number
Measured

OO b N g es Ot B —ow

(o2& &, NN

PN WRWO DS

LA =B W

ThOcC
Range

293-315
108-133
243

111-157

262-301

126-186
237-288
143-202

254-296
103-142
201-281
117-183
263-294

123-214

281-305
131-193
243-322
118-173

221-283
121-175
291-331
126-162
264-294
135-202

© 273-289

116-180
263-286
121-198

- 225-285

115-165
264-271
126-152
293

109-15]

135-147
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Remarks

One vapour phase

inclusion

One vapour phase inc.

VG

VG
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Locality and Inclusion Number Thoc” Remarks
Sample Number Class Measured Range
H6 P 4 241-311 One vapour phase
inclusion
S 5 118-164
H7 P 3 264-325 '
S 3 125-146
H9 S 4 131-180
H11 P 2 309-314
S 6 117-183
P = primary
S = secondary
Th = temperature of homogenization.
VG =

visible gold



