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Abstract
Thc Bullmoosc L.ake gold deposlt is located in Archean metasediments of the Burwash
‘Formatron Yclowknife SupergroupsThe maJorrty of the gold was recovered from én échelon
bluc grey quldlu veins hosted by a relatnvely narrow zone of silicified metapelites and graded

At

metagreywackes. The aunfcrous quartz veins were emplaeed. at sites of drlatlon that were

v,

&V generated during left- lateral shear Schrstosrty and two phases of foldmg were produced‘ .

orphrc evént whrch showed an increase in its intensity towards

Isotopic, fluid inclusion, and mineralogical data are consisteit with emplacement .of

gold after peak 'metamorphism. Available physical and chemical constraints on. éold
mineralization in volcanic shear zone deposits and their similarity to metasediment-hosted gold
deposits, in some respects makes it likely that the auriferous fluids were derived by
metamorphrc processes In this model the ore fluid and the ore components were derrved by
) devolat,rlrzauorb_ of the Slave supracrustal rocks during low-and medium grade-metamorphism,.
‘The gold was transported by 'srngle pass' flow mechan'isms ‘as a reduced sulphur complex in
reduced near neutral fluids of \)arymg CO,. - sahmty and CH, content. The flulds were
- focussed locally into horizons and beds which had fractured due to therr relatrvely low tensrle

© strength,

“~

The rri)in“eralo'gy shows two slightly different ~paragenetic stages during which gold

emplacement occurred. An ear/y stage (' main- phase ) in whrch gold is mainly associated with

Fe- sulphrdes and a later cross-cutting ‘stage ('late-phase') in whrch gold is more “often
associated’ with galena, spha1erite and chalgopyrite. The temperatures of deposition of the of

'main-phase' mineralization are unclear; however, the ‘late-phase’ minerals were deposited
between 140" and 300°C. - o7 o B

Deposmon of gold took place due- ‘to: (1)a flurd -temperature reduction, (2)reduction

I3

of the fluid_by interaction with graphmc horizons and/or (3)by sulphidation of Fe- rrch

N
host- roc_ks. )

. .

-
v
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This deposit, and many similar metasediment-hosted- gold deposits worldwide, s
) ' \.
characterised by very narrow, patchy wall-rock alteration, inlerring low wajer to vock ratios,
,

This alteration style and the varied sulphide mineraloBy associated with gold mineralization al

Bullmoose Lake indicates rapid precipitation of gold from several pulses of fluid.
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1. Introduction ' ’

A. General statement L&

.

"The Bullmoo.se Lake gold deposit is' locgted 77 .km south-east of Ycllowknifc
' Northwest Termorles Canada (62" 20N / 112 45 W hg 1), Thc or¢ occurs in %cveral
narrow, velﬁs whxch are hosted by Archean (2700 Ma), amphibolite- gradc mctasedlmenlary
) rocks of the Burwash Formation, a member of the Yellowkmf e Supergroup. T’motal possible
ore“:eserves of the property were ca;lculated at 183,863 tonnes at aegra'de,of 10.3 g'/lonn%?\u
- (Sanche, 1986). . I :
The topography of thc area is rblatwely flat (maxnmum clevauon of- 300m); .
. climate is mild in ‘the symmer (-5 o 20 C) and cold in the winter (-10 tq -50° C). and the

vegétauon is of sub- tundra type (smal] trees and»shrubs) The' élan(y of the rock ckpoqurc is

relatively poor in the local area aroun&g thes mmesue’ due to extensive lichen cover and to

= " . N . ¢ . ;
, extensive areas of muskeg in and around the lakes. ~ 7 _ . 5
B. Purpose of study .
The objectives of this thesis were three fold, ngmely: T

I. To undertake a field orientatéd, structural study of a typical metasediment-hosted vein

B ld dep031t

0 produce a document collatmg mformatlon about metascdnmentary -hosted gold deposits

_in industry and academia. - . . ' 7

*3: To integra.te the field ,_Elata with laboratof,y investigations of :
‘a. The petrology of the yems, wallrock and country rock.
b Stabte isotopes (O, D¥H, S).

c. The fluid mclusmns of the vein matenals

¢

Ramsay (l973a) and Enghsh (1981) studied vanous aspects of the metamorphnsm and
rd

/

in, the Slave Province and presemivng itina manner.that would be usefl ul to. persons both

fluid 1nclus1ons respecuvely, from a number of diff erent gold deposns ThlS study - cpnsmutcs .

b



;
. LEGEND
@ ALKALI GRANITES
K
g ! GRANITES , .
| !
N ' “
e ; (] AamprigoLme
M e Tt Slave Lk MZTATURBIDITES
et
7 Aben , [ greenscHisT
!

{

0 ?DOkm
e

'

[
\
\
o

" YELLOWKNIFE

Figuré 1. The geology of the Southern Slévq Strucmral.P'rpvmcg

7

25km

GREAT SLAVE LAKE

h/Burwar|I

i

|

!

|

L)
N iscov

i

FELSIC VOLCANICS
B MAFIC voLcaRics
[T BASEMENT GNEISSES -,

/ FAULT

77 LAKE (Prosperous Lake ‘Gorden

Lake Buckham Lake Campbell Lake

A Au-qtz véin showing

A Shear-zone Au deposit

U

*

\

*
-

-y .



an’ update of their work and concentrates upon information obtained from one opcrating

mine,, rather than upon information of a regional-character. The emphasis of this study was
therefore to integrate all.of the available regional reports, both academic and non academic,

. \ - B : ’
with the -plethora of information that-has been gained from studying the Bullmoose lake -

auriferous veins in a three dimensional perspective. The study was particularly concerned with

‘*g.% o Geological reports are ava“iiﬁ’ble on other turbidite-hosted deposits in the arca, for
’ 'erremple; Ptarmig"dn, (Boyle, 1961, 1979); Camlaren, (Wiwchar, 19‘57);Thombson~l,undmark
(Lord, 1951). These previous reports were primarily based upon field descriptions and
constitute very useful primary sources of information’._'but as cxpressed by Padgham
(1985a)...... 'surprisingly little modern rescarch has been done on the Northwest Territory

.

-turbidite-hosted gold deposits’.

-~

C. Methodology

Surface and underground mapping of¥the Buvllmoose Lake aurifcrous \‘/cins'was carried
out in the summer of 1985._ Detailed structura'l mapping and collection of over 500 rock
samples from a 10 km? area of the prOperry complimented more detailed work carried out in
the immediate vicinity of the mine site.

Y Reflected-light and transmitted-light rhin sectron investigations were carricq out on--
‘the_ aurifereus veins -and wallrocks, and on selected 'ro_cke from locations away from the,
minesite’ The mineralogy, texture, fabric and deforrnational characteristics of cdch wcre

-~

studied in detail.

?.xStable 1sotope studies on the sulphlde minesals were performed in order to try and
establish the temperature, or temperatures of sulphide deposmor;. "This information was
integrated with a few D/H and"O isotope analyses of vein quartz. Fluid inclusion
investigations of the ore- bearmg veins were performed- for comparison with earlrer studies of

L

nearby deposrts (Ramsay, 1973a; Englrsh 1981), and to augmem the isotope study. .
¥
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‘Minor sﬁlphide phases were qualitatively investigated using the scanning electron
microscope (S.fl.M) and N.1.5.0.M.1.}, in order to determine their composition'with respect
to other phases that were dctcrmined bp normal optical methods. ‘

During-the summer of 1986 the property was revisited in order to follow up some of
the initial findings. Morc ‘samples were taken and the remainder of the summer was spem )
studying similar showings in the Burwash Formation of the Yellowknife Supergroup..R_ocks
lwcrc taken from the Dome lake property (53rtkm north-east of Yellowknife), which contains
a similar deposit to Bullmoose Lake, but in this case hosted by rocks mc.tamorphosed in the
greenschist facies, rather than amphibolite faeies rocks. -A ‘detalled_ structural investigation Was'
carricd out on tl;é basis of the strong simllarity to the Bullmoose Lake 'property and because
of good exposure. Stable isotope analyses were perf ormedﬁmsulphide minerals to compare
them with the Bullmoose Lake isptope results The purpose of thts phase of the study was-the
investigation of the effgct of metamorphrsm upon the fracuonatron of the isotopes and also
thc documentation Aof tEle isotopic signature of equrhbrrum pdirs from a set of veins with a
slightl;)different n;incralogy. '

s R ¢
D. lhstory of the Bullmoose Lake Operation

The orrgmal TA clarms were staked by C.S. McDonald and U.J. Arsenault in 1939 '
Between 1940 and 1941 \mtnco 1d. , trenched the #3 and #4 veins and sunk a small shaft
on the #4, ,vem Some ore from {he #1 vein was also hand- sorted and assayed 600 g/tonne
gold. Seventeen diamond drill ‘holes were drilled during this period, but, the results were
obviously disappointiné, for between 1942 and; 1968 no further appreciable amount of work

was done on the propel‘ty In 1968 a l”loatmg opén- market system for the selling of gold was
~ introduced whrc.;h resulted m a rise in gold prices and renewed interest in thesé& high- grade gold
propertres Between 1968 and 1976 Duke Mmmg» Ltd., carned out extensive - drrllmg on the
#1, #2, #3 #4 and #7 veins. In 1976 Terra Mines Lid., took 50% tigle of the property and

began a_program of underground drrlllng and extension of underground workmgs on the #1,
¢

.

'Nottingham Interactive System for Opaque Mineral Idenufrcatron - methdd® of
analysmg the spectral reflectance ,of rmnerals : ,

4
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. . .

#2 and #4 vems In 1981 'Jrf.rra Mines L.id., obtained thc rcmammg 50% o.wncr%hnp by a

takeover of- Dukc Miging Ltd. Between 1981 and 1986 the dcdmc into the mmn mine

workings (the core vein area) was extended to a vertical depth of 230m.

)

E. Mining methods and reserve estimates -

»

The majority of the ore in the Bullmoose Lgkc mine is hosted Sy anany narrow (.ol'l‘cn'
less than 1m). quartz vcins‘\;hich dip 70" eastwards and arc arranged en échelon at about
5-10en intervals. The gold ores are mmed by shrmkagc stoping, but high- gradc ore shoms.
.which pitch steeply within the plane of the vein are exploned by ralsc; mining.

. Ore'reserve esjimates and systematic, long-term mine 4plannmg arc hampered by
highly errag grades along‘the. ‘strike and within the plane of the vein. Total p.ro';;cn :ind.
probable reserves, as of Segtér}lbe} 1986, were estimated at 42,526 tonnes with a grade of 2.7
g/tgﬁ't;e (Sanche, 1986) and total possjble rescrves siagd at 183,863 tonnes with a graqc.oi‘

10.3 g/tonne gold.
l ')
.Gold and minor silver are the only commodities recovcrcd from the doré mctal.

A portable mili (max1mum g:apacny approximately 66 tonnes a day) was lfoughl_ on
to the site in 1986 and in the first six months of operation 26,927 tonnes of ore were
. ¢

’ . [
processed and 203.3 kg of :old reéovered (millhead grade of 7.5 g/tonne (Cloutier, 1986)).

Pl
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I1. Regional Geolo‘gy' -

A. 'liecporﬁos, stratigraphy and implications for the evolution of the Slave Structural Province
& The Slave Structural Province, is a domain of esscnliglly metascdimcnta,ﬂ‘.;ljna
metavolcanic rocks that spans a distance of 710 kin between'the Coronation G'ulf. to the north‘
and G'rcat‘Slavc Lake in the south. The Province covers an area of some 180,000 km? and the
rocks arc for the most part Archean in agc The most noticeable features of the province are
Iargc granmc masses separated by sinuous, kcd’hke synforms of )\ﬂably \metamorphosed
mctascdiments ~and’ mctavolcamc rocks (Drury, 1977). To the northwest, soptheast and

northeast, the Archean rocks are conformably overlain by Aphebian metasediments.‘

Scdnmcmary and volcamc rocks (or their metamorphlc equivalemts) cover an area of
r less than 30% of the total Slave Provmcc The remainder of the Province is composed of
extensive gramuc batholiths (Mclenn and Hendersox; '1970). Grav1ty measurements carncd
oul near Yellowknife indicate that the supracrustal rocks represent but a very thin veneer
above a granito}d basemert and according to a model by Gibb and Thobmas (1980) both the
"metavolcanics and the metasediments have a present vertical ithickness (not aAstratigraphic
mcasuremem)_of gepcrally no more than 1-3 km, with a maximum of 7 km of metavolcanics
at thcb head of Yellowkhife Bay (Fyson, 1981). One featuré that distinguishes the Slape .
‘ Provinéc from other Archean provinces is the preponderance of metasedimemafy units within
th; stratified sequence. The 5:1 ratio of rpét:s_edi:n‘;mary to metavolcanic roc'k is in contrast -
to other provinces such as the‘ Supefior Pfow)incel where metavolcanic rocks dominate by the
same amount. .

All the supracrustal rocké of Archean age in the Slave Provihcé are part of ‘the
: -
Yellowknife Supergroup (Henderson, 1970)§e stratigraphic éolumn presented by Henderson -
(sec Fig. 3, Henc}erson, 1970) is « reinterpretation and update of the work by Jolliffe (1942,
1946). Boyle (1961) apd Henderson ‘and Brown (1966)\. The current ideas of some workers
" concerned ‘with the stmigrap'hy\ are summarised in a p_a.per by Heimstaedt and Pﬁgharp

L

(1986). In this contribution th’ey‘essent‘ial‘ly modify the lithostratigraphic units established by
; . , A . ;



{
Henderson (1970) by adding a new unit, the Octopus Formation, and ckéling the stati of
4

the Kam and Banting Formations to Groups (table 1). fn general, the supracrustal successions
rcpresent thick sequences of carly metavolcanics and later tmmalurc metascdiments. The
Lransmon betwecn lhc two rack l)pcs is cdiformable, the formcr consisting of thick sequences
.of massive and pillowed subaqucous flows, of predominantly basaltic 1o andesitic composition
(ﬂcGlynn and Henderson, 1970) and Lhc latter of interbedded greywackes and mudstones that
show many of 1hc features characteristic of turbidites (chdcrson 1972).

‘ It was quite widely accepted by several authors (McGl)nn and chduson 1972;
Fyson, 1975; Drury,. 1977, Hendcrsono,.l985; Padgham, 1985; Helmstaedt and Padgham, 1986)
that the Yellowknife Supergroup accumulated within rifted basins developed on a bascement of
graﬁiloid composition older than 3,000 Ma. The mafic metavolcanics were probably extruded
alongxkiryar fractures betweerm the uplifted and depressed arcas (McGlynn and Henderson,
1970). The me_tascdimems were .derived both from the developing basic metavolcanic pile)and

from basement granitoids.

The teclonic scenario "'respovnsible for the emplacement of the maflic metavolcanics iy
still under debate (for example see Cunnmgham 1984; Goodwin 1977, 1981; Helmstaedt and
Padgham, 1986; Henderson 1981, 1985; Lambert, 1976; Park, 1981 Windley, 1977). Work
based upon field. observations (especially Henderson, 1981, and -Hgimstacdt and Padgham,
1986) has lead to interpretations suggesting thejoss}bilit)' of an analogy with proto-occanic
basins, similar in size to the present day Red Sea. This conclusion was drawn mainly frop the
occurrence of linear tongues of basic metavolcanics sited along extensive block faults.
Helmstaedt and Padgham (1986), in a different setting, also note some similaritics between

é
~ the Yellowknife Basin rocks and the late Mesozoic Rocas Verdes, of Chilerwhich represents a

N

back-arc basinal type of _gnvironment. .THey cﬁvisage the possibility of the Banting

calc- alkalme metavaltﬁmcs JIepre emmg part of a series of rocks derived by occanic plate
subductlon, and the Kam Gfoup and ~Octopus Formalxons the proto-oceanic and
basement -transitior: rocks respectiv . This model is similar to an earlier concept proposed by

Drury (1977), although his model also involved the partial melting of mantle material to



" Table 1. Stratigraphic columg-of the Yellowknife Supergroup. (after Helmstaedt and Padgham, - -
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produce the Kam Group. .

In cdntrast to these ideas, studies of a more geochemical nature (Laxnb_ert.' 1976

Cunningham, 1984) have concluded that the.... 'Slave craton was rifted by a mantle hot snot

resultiné in extrusion of tholeiitic basalts and basaltic andeSités derived from partial melting
of mantle materral Partial' melting of pre existing- hydroué basaluc crust materral produccd

)

' 1ntermed1ate to felsic metavolcanics of calc-alkaline affinity, with some maf ic volcanism.
Partial melting of pre-e;(ieting sialic crustal malerral resulted in extrusion of calc-alkahn’e
felsic metavolcamc rocks'. This hypothesrsns simildr to the example pul forward by Easlon
( 1985) where he cited the Basm and-Range Provrnce of the U.S.A as a close analogy lo the

% < Province, based. upon Henderson's 1981 model of graben and half graben dcvclopmcnt'

. - , Lo
r .tended sialio-crust. . S

. : , o . .

As a final statement to this section it ts\af importance to point out that beforc a
region such as the Slave Province ‘is studied in s _of .its ‘basinal characterisics the

. . - , , . *
fundamental criteria used to define a basin must be recognized. Although tjis may scem an

, obviows point to make it appears as if some of the structural conclusiorfs and ambiglious
sedimentological mterpretauons have had more of an mfluence in defining separate basins and .
provinces than more rrgorous sedrmentologlcal data (see Walker 1978 for drscussron)
, .
B, Meta,volcanic roclrs
Metavolcanic rocks constitute 20% by volume of the Yellowkmfe Supergroup by
volume and consist of a range fiom maflc to felsic composition’ (Helmstaedlz'md Padgham
1986). The metavblcanic belts géu\eg_ly trend north south and are’ typically in the order of :
100 km length by 20 km width. A charactensuc feature of the metavolcames in the S]ave
province is the dommax.ce of mafic rocks in the west and felsic rocks in the east (Helmstaedt
and Padgham, 1986. 'Henderson. 1970). In the 18 to-19 volcanic belgs that, exrst, metabasallﬂ
" and metaandesite (3:1 ratio) predonrinate, but the distribution 'Qf felsic metav8icanics,

\althdugh recessive, is neither restricted to the base nor the tbp of -the units (Padgham, 1985b).



'Qrctavolcamclasuo material throughout the sequence (Henderson 1985)

S

L ‘. '-,-— 10

‘

The metavolcanic sequence cohsists of both contemporaneous extrusive flows and of

intrusive dykes ‘and sills. of sim\ilar‘composition,r with relatively minor amounts of

Mctamorplnc grades within the metavolcanics vary accordrng to the ximity to the
granite/granodiorite mtrusrves, and in general amphtbolrte and greenschlst grade rocks are the
most common. It is noticeable that at all metamorphic grades, primary structures such as

“pillows, flows and flow breccias are commonly preserved.

C. Yellowkmfe metasedlmentary rocks
P

The metasedtmentary unrts are generally\conf ormable wrth the mafic metavolcanic

\

'scquentes and in some casés are mterlayered (Henderson | 1981).
* . Metagreywacke and metapehtes/metasemtpehtes account for the majority of the rocks"
“in the metasedimentary terrane. .Individual units vary.in thickness from several tens of metres
to less than a centimetre.' Very.colmmonlthhe lower grade métasedimentary rocks display an
array of pahmpsest structures such as graded beddmg (in the form of partial Bouma “
sequences) flame structures Cross- beddmg mud-cracks, load structures, convolute beddmg
and ripple marks In the higher metamorphic grade rocks, partrcularly those of amphrbohte
grade, primary structures are not as common although partral Bouma sequences can.often be -
recogmsed by the supertmposed metamorphrc mmeral assemblage Reconstructron of
~_paleocurrent data suggests that the metasediments were derived from the area row ocCupred
‘by‘ the ‘Yel]oWknife‘townSite and Yellowknife Bay (Henderson 1972, 1975). Petrographic data
(Hendcrson 1981) show the precursor sediments to have been denved from both a granitic
source (sialic basement and felsic Banting G-mGp) and from a volcanic source (Kam Group
and Octopus Formation). !
The Burwash Formatron

The Burwash Formatron is host to the Bullmoose Lake gold deposit and is by far the

“most dominant lithologic unit east of Yellowknife Bay in the ‘Slave province. The

3
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metamorphrc grade of this unit varres from lower greenschrst to upper amphrbohtc ,
(Thompson 1978). Much of: the early work (Henderson 1970) was copeenlrated along the

- shore of Yellowknife Bay, where sub broule grade metamorphlsm has prescrvcd almosl allof 9

th
the _primary metasedimentary struc‘tures

. L
The Formatron is essenually a metasedlmemary unit wrth mmor waf r aceou% horuom

b4

(mainly in the Duck Lake area). From field and petrographic evidence and chemical data
(Rarnsay and .Kamineni, 1977)'4 types of metasediment ha;'c been rccoénrzed\, ranging q[x')rom
matrix-free metaarkoses, through the predominanq mctagrc_ywackea with abundanl matrix, to
sandl-f rée .pelites.‘ The most common palrmpsest structure 1s graded bedding, which is often
the only feature presqrved at the high'er metamorphic grades. The interbedded m.etagreywackes
and slates, which constitute over 90% of the metasedrmemary malcrral exhibit all Lhe features

3

of lurbrdrtes The individual metagreywacke beds are lalerally continueus and often display

some of the characteristics of a Bouma eycle (Bouma, 1962). The proporuon of mctaarcnnc

“to metapelite in each graded unit is variable, but generally the metaarenite greatly exceeds the «

L]
[y

pelne by a factor of 10:1.
sA comprehensrvc descnption of alllof the pahmpsest mctascdrmcntary features secn in |
this ‘Formation was given by Henderson (1972, 1975). In chapter VIII the importande of
lithological variation with respect ,to’ t\he location of quartz veins is discussed, but_it. is nol thc
intem‘of this thes_ie to describe all of the nia'ny prima_ry'.f eatures -seen in the Burwash

Formation.

~a-

The Walsh Formatlon

~

The Walsh Formation has many of the characterrsucs of* thc lypreal Burwash

[

metaturbrdrtes, but differs in that it contains more arglllrte (Hendcrson 1975). Thc

metagreywacke and argillite portions of - the beds are'generally~ much thmncr and

t

finer-grained.



) Intrusives

£

The Jackson Lake Formation '

By reference to the. stratlgraphrc column (Helmstaedt and Padgham 1986) the

#»

Jaekson Lake” Formauon is the youngest formatron ol" the Yellowknife Supergroup and
. consrsts of a locally drstrlbuted basal conglomerate, overlain by cross- l§edded sandstbne and
_thm conglomerate layers The. basal conglomerauc unit lies unconformably on-.the Kam

mctavolcamc rocks but rts relationship to the Bantmg and Burwash Formatlons i§ not as clear
' } .

(Henderson 1981 " 1985; Helmstaedt and Padgham, 1986) The latest published’ 1nformat10n .
suggests that the Jackson, Lalte Form\ron is not a lateral equivalent of the Burwash
Pormauon (l” or example see Henderson 1981) and therefore it may be necessary to exclude

the Jackson Lake Formation "from th{Duncan Lake Group.

1
4 ..
)

-

lhe_ supracrusral.succession has been affected by 3 large intrusive bodies (Fig. 1),

o~

L3 1 4

aly,:

2 . .
. The Western Granodiorite (2555 Ma) - A large gramuc bathollth of dlormc 1o syemuc
composmon (Green and Baadsgaard 1971) ' ’ S Lo

2. The Southeastern Granodlome (2520 Ma) - Comprising a glioritic and a granodioritic
phase (Jolliffe, 1942; Easton,~1985). A :

3. The _;Pr'osperous. .Lake Granite (2‘520 Ma) A post-orogenic 2 mica pegmatite

9

(Henderson, 1976).. . g o o,

. L Metamorplnsm S e “ ]

Early work (Demon 1940; Folmsbee 1942; Jolliffe, 1942 1946 Henderson, 1943)

rccognrzed the 'fundamentals . of the’ metamorphic provgressron of the Slave cratorl afd
concluded'that 3 phases of metamorphism had taken place, namely:
1! Regi@nal&n;tamorphism under confining pressure : : | - e
2. Supenmyosed aureoles of a more thermal nature.

& ] “

3, Late phase of loca.rzed hydrothermal retrogressron L - . \
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-’ « This general’m‘odel has been’ 'sudstantiated by more recent  work. (Boyle. 1961,

'Heywood and Dav%son “1969; Kretz 1968 1973; Ramsay and kammem ]977) but the
'opmton of these later authors was that the 3 'phases’ were actually part of a smgle
metamorphic epoch rather than 3 drstmct Jlemporal eprSodes.

Geochronologtc studies -in the Yellowknife area by Green and Baadsgaard (1971)

’ - .3

concluded that the Slave tectomc event began with volcanism at 2700 *QJ Ma ago and cndcd .

_ .wrt’h the intrusion of the Prosperous Lake gramttod at about 2520 Ma ago (recalculaltd by
Cunnmgham 1984). The ‘tnetamorphrsm is belteved to have reached its peak at about 2600 Ma
ago correspondmg to the Kenoran orogeny. Thompson (1978) classifies the metamorphtsm as

e low (greenschtst) /nedtum (amphibolite), and high grade (upper amphrboltte) Thc first

, appearance of. cordierite (knotted schist) marks the transrtton between low and medlum-gradc
and the transttton from a cordterrte schist to a gnetss or mtgmaute marks atc transltton front
medrum -to hrgh grade metamorphrsm , )

Independent detailed studies by Ramsay (1973)‘ and Kamineni (1973)_ in the' |
Prosperous Lake area (fig. 1) an"d'."the Sparrow Lake area respectively support this type of -
zonatton -and conciude that the metamorphtc charactertsttcs vary according to a fluctuattng'

. heat source (gramtord bodtes) and structural regtme (Ramsay and Kammem 1977) Early :
(M2) pressures and temperatures were estimated at 3 kb - 45 kb and 500°C and peak
metamorp'htsm (M3) at about 2.5 - 3.5 kb and a wrde Tange of temperatures from 300 700°C,

' paccordmg to tlte dtstance from the pluton Frgure 2 represents a schematrc dtagram showmg

&
the metamorphic mmeralogy and the zones 'that have been recognized on the basis of
Y . " N .

mineralogy.

’
%

"}I‘hompson (1978) plotted  the compositions . of- the metamorphic assemblages
. characteristic of the Yoellowknife' Sup‘eréroup on a series of AFM diagrams. He came to the ~
. same conclusion as Henderson (1975) namely, that’ the metametasedrments are somcwhat

1ron -zich and more alurhinous than Pettijohn's (1957) average Archean greywacke In gcncral

N

the Fe content was not htgt\ enough. to fofm ga.rnet and staurolite, although evrdence for N

4 ¢

) abundant Al is shown /(where metamorphic condttrons permtt) by the extensrve growth of

L]

+
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cordierite, Al-rich'phyllosillcat 5, gedrite', sillimahite and andalu’site.

v . B N
¢ . v

. B: Regional structure ?f the Slave Province - ’ . ,
( ' ' ' RN oo .
’ Attempts have been made to relate the metamorphis’nt to tectonic episodes in the Slave:

4 .

Province (Brury, 1977, Fys:)\n, 1975 ,1978 ,1982;, Kamineni et al. 1979; Ramsay and'l(amincnl

* . 1977). These authors concluded that, although the deformation- was short - lived ¢100-180 Ma,

.

, and the recognition of events not documented in earlter reports.

baséd ‘on the data of Green"and Baadséaard. ‘1971), it was not a tectonically simpfe period. -
Three main phases.of ‘deformation’ hav'e' been recorded 'Dl"“D2” and DB (Fysdn i‘ 1955) but
l‘yson (1978) and Kamineni (1979) recogmLed a later phase D4. hgure 3 ‘correlates the
defﬂrmatronal eplsodes (D), f oldmg (F), metamorphtsm (M5 and ?chtstosny S), evident at
Bullmoose Lake to the data presented by Eyson (1975 1978 1982, 1984), l)rury (l977)

Ramsay and Kammem (1977), and Kammem (1979). The data are somewhat drf ficult to

‘ comprle due to a lack of untformlty in correlatmg the vanous cpisodes from dif ferent arcas o

* -
’(\ i 2

- The general scenario records several periods of cleavage developmcnt ,and

Al

metamorphism that, in part; reflect.progressively changing regjonal fectonics and_draptrisrq.‘

. . CoN e . 5 . . : '
. The patter“ﬁfé“horth-northwesterly striking ellipsoidal granitoid bodics, metavolcamc“'raf ts

kY 2>

and pervasrve cleavage has been produced by regional tectonics (o, is ecast- west Lo,

l

: ortheast -southwest). Looal draptrrc intrusions have caused deﬂeqtbns of earier fabnts and

the resultant outcrop patterns (Fig. 1) ;efleot an mterplay bctween the uprise of gramttc‘

bodres and sub- horrzontal forces (Fyson, 1982) ‘ * .
snt wsers,concerned with reconstructmg the Precambrian tectonic history of thc
Sl/' Pro r~g. amsay and Kamineni, 1977; Drury, }977; Fyson, 1975, 1984) suggest

thai »e fe siune o plutons, and the horizontal compression, were controlled by movements™
~along sysioo of eep- seat.ed (pre -Kenoran) fractures Evrdence for this is possxbly the,
~ linear arrangunent of narrow metavolcamc belts that drscontmuously l’ollow the angular
outhnes of granrtord bodies, moludmg basement rocks Trend lines of ‘F1 folds also tend tobe °

very regularly ahgned in a northwest-southeast or a northeast-south_west dlr.ectron, some trénd

*

L
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parallel to.FO homdclines and to elongate granitic plutons (P‘ygbn. 1984). The adjacent sets of

o

‘

/V . M ! . . . . ‘ “ . ..
They show no evidence of rotation and-it is possible that where the two fold directions

intercept marks the site of a strugtural front (Fyson, 1984). A late S3 ,c‘lcavaglzc also undecrgocs

a marked transformation at the proposed structural front. Two §3 clcavages mcfgc'al almost
¢ ¥ . - :

the same locatién as the hinge trace defined by the mergence of F} folds (Fyson, 1984). Thé\ y

rd /

interpretatfon of such ures has been cither that:

1. the basement fractures\ acted as stress-modifiers during regional dcformation. The

. N ' y
supracrustal rocks above were subject lo different origntations (and probably amounts) .

t .

of stress either side of the fracture whilst compredsion continued. -

movement by basement blocks. The folds form en échelon along the, shca.r rones afid

i

continued propbgétion may infaci have produced late c]ca\iagc sets (i.e S3A and S3B).

3. the formation of an open, upright, nerth-south tr.e,nding regibnal ?c[dld that deforms the
. . ' ; % \ )
isoclines and regional NW cleavage, resulting in a NE-trending crenulation cleavagd
. , . —
(Stokes et al. 1987). . . '

—

Fot further discussion concerning these models see Fyson (1984) and Stokes el\al. (_10987).
. ~, . .

) -

'F1 fol%s (northwest-southeast and northeast-southwest) are well displayed at Gordon Lake.

.

2. the generation ‘of” shear folds in’ the ?upracrustal rocks was a result of strike-slip

el
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II. Gold)’linernlimtion in the Metaturbidite Sequence of fhé Burwash Formation and .
Compamons Wlth Other Slmilar Deposits Worldwide,w |
Padgham (1985a) classified the gold deposnts of the Northwest Termones n'no several
‘calegorics (sce table 1 Padgham, l985a) The metaturbndne-\hosted deposits of the Burwash
Formation' (and equivalent) 'were classed in the second category (type 2 deposits) u&ier the
' gcn;‘cral hcéding 'Quartz veins in shear zones .'jmd fractures, insignificant wall-r’o\ck}’/fliergtiqn".
The type 2 rocks were u'rlher'SUbd'ividcd into 5-classes, based upbn:host-roék'li~thology and
.proximity to .lithc;logical ‘boundaries :
2a - deposits V'at,or‘nearA(Lhc) volcanicfsp_diment contact'.

2b - 'nadBw veins in tubidites far from volcanic rocks'.

. . - - .
. . 4 4

- 2c - 'quartz stockworks in turbidite’. | . . {
. ' L . .
2d - deposits hosted by granitoids ]
. p A
2¢ - deposits hosted py dykes. - - v

The Bullmoose Lake veins are therefore a type 2b deposit in .Pa_dg_ham's classif icatioh.

L4

and about 170 other sh\owings in the Northwest Terrilories are _lisled in this class (Padgham,
1985a). L .

, &ince the dxscovery of gold in the Yellowkmfe district durmg ‘the m1d 1930's,
\approxnmately 300,000 kg of gold have been gamed from shear-hosted deposfts (e. g Con and
Gmnl) 37 000 kg of gold from metavolcanic-hosted deposns (e.g. Discovery and Salr?ta)
13,000 kg from metamorphosed nded Iron Formatlo‘ns (e. 8: Lupmﬁnd Cullaton Lake), and”
4,000 kg from metﬂurbldxte hostéd quartz veins (see Paagham 1985a table 2 and hst below)
When productjons from all types of deposit in the-Slave Province are included in the total
production of gold, turbidite-hosted quartz veins only aqceunt for. 1.1% of the total
prdduclion of the Nofthwest Territories, modified from the kg tofals of Padghafn '(1985).

o

The turbidite-hosted deposits are 4traditionjﬁ divided into ‘4 types based on the work
of Henderson and Jolliffe (1939), Lord (1951), Boyle (1961,1979):- o |
1. Quartz veins in contor[,ed schist zones and faults that tr_ansect the metasedimentary

- stratif’ ication (Fig. 4, (e.g. Ptarmigan mine, Tom claims, Burwash mine, Rich group)).




.
Fagvre < Quarks veins cross-vutung beadimy, Southern Slave StructuraleProvimee
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Figure 6. Quartz veins.ocatgd at the axes of folds, Southern Slave Structural Provinc_c
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Figure 7. Irregular quartz veins, Southern Slave Structural Province
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2. Quartz veins in séhist zones and fractures which parallel the metasedimentary stfata (Fig.
Y I ] . . .
(c.g. Tin claims, Thompson-Lundmark mine, Camlaren mine, Bullmoose Lake
Core-zone)).

3. "Rupturcd z;nd shcared axes of isoclinal folds (Fig. 6 (c.g. 11 zone of the Bullmogse Lake
/

mir?cy. : A : 5 ,- |
4. Quam, veins and stringer Jones J irrcgular fractures (Fig. 7, (e.g. Knight claims,
i Gordon lake?)). | | . .

Most of the deposits in the Slave Province arg c;f the second type listed above, but
from the author s experience and the descnpuons of other metaturbndlte hosted vein deposits
in the literature, (for example\lhc Reefton gold deposits, New Zealand, Williams, 1965; the
Otago schist deposits, New Zealand, Henley er al. 1976; the Bendigo deposits, Victoria,
Australia, McAndrew 1965; Beaconsfield, Tasmama Noldart and Thatcher 1965; Cochrane
Hill dcposit‘ Nova Scotia, Canada, Smith, 1983, 1984; Connemara schxsts. Ireland, Yardley,
1983, 1986) the divisiorts of the 4 classificati(‘)ﬁs are not as rigid. Although an individual vein
may be found prefc;réntially located in one of the situations described, many s ’ sidary~.veins‘.
in the local area of the majo.r vein or veins may be found in a combination of theﬁituali(;ns
listed.

| The minéralogy of the veins is likewise varied. The principle ‘componént, quar‘tz, often

N L 3 .
comprises 95-97% of the vein, -but the femaining 3-5% is made up principally of sulphides in

v . .- ,
" varying abundances, inost commonly Fe, Cu and As sulphides. Feldspar, typically oligoclase

and albite, and other minerals, such as tourmaline, muscovite, biotite, actinolite, sericite,

M ’ . '.u . » : -’ .
.+ chiorite and schiéelite are also often:present. The blue-grey colour, of many auriferous veins

’\m been attributed .to the presence of graphite. Wall-rock fragments are.abundant in some

veins, f ;)r éxample the 7 vein at Bullmoose Lake (Swatton, 1985), AM veins at Gordon Lake
(hnghsh 1981) and “the Treasure vein at tfe Thompson- Lundmark property (Lord, 1951).
The occurrence of gold in the veins is erratlc but.is commonly associated W1th sulphxde nch .
pockets.-Table 2 lists some of the auriferous vein deposits i \the Slave metasedimentary rocks

@

and their structural and mineralqgical characterisics. The wallrock mineralogy is, of course, )

'\ .
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Table 2. Structural and mincralogical characteristics of som¢ auriferous vein deposits in the

Slave metasedimentary rocks

LOCATION WALLROCK STRUCTURAL OTHER
HOS CHARACTERISTICS .
FOR VEWN . .

BULLMOOSE BIOTITE SCRIST/ 8€DOING PARALLEL SHOAHING ALONG VEIN MAIGIN

English, 1981: Swatlon, 1585

KNOTTED SCHIST

PARALLEL TO S3 IN SHEAR

qtz, sph, cpy, gn.8i Te, py. po. asp,
ank, sch, act, bi, musc, Im
VEIN STRIKE 347 - 354*

T

DO
Fa ., Swatlon, 1986

.

-

BIOTITE'CHLORITE
PELITE BET ARENITE +
AT PELITE/ARENITE
CONTACT -

HINGELIMB OF F1 FOLD

PARALLEL TO S3

qtz, sph, ¢py, gn, asp, nalive cu (p}:’p“y)’
MINOR SHEARING (18 Veun)

YEIN STRIKE 340-350°

PTARMIGAN (& TOM)
Boyle 1961,1979; English 1981

KNOTTED SCHIST

MAIN VEIN CUTS ACROSS
BEDDING AT 115°

BEDDING 170"E OVERTURNI D

EN ECHELON VEINS

qlz, Au, tour, py, sph, gn
WALLROCK ALTERATION N, py, po

THOMPSON - LUNDMARK
Lord 1951; Boyle 197k

X

NODUCARBIOTITE
SCHIST

PARALLEL TO BEDDING
ROCK FRAACTURED AT
CONTACT

ONE VEIN CUTS BEDOING
AND THEN PARALLELS IT -
LORD, 1951

qtz. Au_tour, Pspar, py, asp, po. Cpy,
9n. sph

ORE PITCH N VEIN 65°N (KiM VE N
2ZONE)

Cvge NW/GRANITE BODIE S i
AREA. S3 CLEAVAGE - NW
GRANITE BOOMG IN AREA

CAMLAREN
Lord 1951; Boyle 1979

SLATY SEDS BETWEEN
MORE MASSIVE GW

-
o

™

SADOLE REEFS AND LEGS ON
THE NOSE OF A PITC
ANTICLINE (HUMP VI

PARALLEL TO BEDD!

qtz. ank, natve au (py, cpy. gn, sph))
020 - 045° - FOLD AXIS STRigE
- 020 - 045

GIAQUE LAKE
(DISCOVERY MINE)

TYPE 2a :
Wiwchar 1857, Boyle 1979

Y
THIN%EDQ;D Gw

BETWEEN NODULAR
SCHIST HORIZONS

NOSE OF FOLD

qtz. obg, po, py, musc, sor, acl, chl,
sch, spht, gn, cpy, andal

RUTH SLATE HORIZON SUBPARALLEL TO -« VEINS 000 - (R0°
English, 1981 BEDDING FINE GRAINED qlz. biolila incluteans
' ’ Scheelile
KNIGHT BAY BLACK SUBPARALLEL TO EVIDENCE OF DRAG FOLDING
Caelles J.C. 1985 s CARBONACEOQUS BEDODING
Mahe, Ad, Pol, Bear, Lynk Claims SIL}’STONES . -
AM (KNIGHT BAY) SUATES. GW + SUBPARALLEL TO BEDOING STRIKE 110- 130°
English; 1981 GRAPHITIC BEDDING Minor py. gn and visblie Au
HORAIZONS NR. NOSE OF PLUNGING .
FOLD
. SOME SHEARING IN GRAPHITIC
i . HORIZONS _ .
JOON . = NARROW &L WPP—AMEA TO VEINSG 140 150"t STRIKE
Ehglish, 1981 GRAPHITIC/SLATE BEDDING ™ . bigqlz + py
.o HORIZON MINOR SHEAR

GRAPHITIC HORLZ

I
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varied to an exlcnt due to ‘Jocal sedrmentary differences, bul in the Northwest Ten‘ntorres

e
Camlaren BullmOOse Lake Dome Lake, Discovery, Ruth, AR and AM at nght Bay,

- Bcauheu and possrbly the Thompson Lundmark Ptarmrgan Tom and Burwash deposrts ‘

' thcrc is a strong correlauon bctween Jhe general composmon of the wallrock and the locatron

l the aunf erous quartz vems

In all of these examples the vein is located wrthm a fine- gramed mctapehte or
mcta—scmipelite‘. which is often adjacent ,to 'coarser-grained greywackes. Padgham (19.85)
indicated t'he' possibility 'ol -some lithological control" on ‘the siting ot" quartz veins, but.

concluded that insuff 1c1entv’data were - available to make a firm decrsron on this 1ssue One

tonelusnon of this study ts that there is clearly suffrcrent evrdenqe from pubhshed and
-open-f lle geologlcal reports ‘on the Slave Province metaturbidite- hosted gold deposrts (Lotd,
1951 Boylc 1961, 1979) and from studies by the author on the Bullmoose Lake, Dome Lake

' and Penstve Lake trenches (on the TT clarms) to indicate that host-rock comp0smon does

mdeed excert 'a strong htholoarcal control on the locatron of quartz veins in

’ mctaturbldlte hosted lode gold deposits (see appendlx for Dome and Pensrve Lake propertres)

In support of th1s hypothesis, - reports on other metaturbidite - hosted deposits

worldw1de also provrde compellmg evidence for the common occurrence of aurrferous (and

a N,
barren) quartz -veins in the metapelitic components of metasedtmentary sequences. In the
ffMeguma-sequence rocks, of Nova Scotra Smxth (1984) documented quartz veins. wrthrn :

'4specrhc metapélmc horizons which had a unique. hthogeochemrcal signature and carried

enhanced gold values. In the Golden Blocks goldfteld South Island, NeW_Zealand (erhams
1965) ore is located wrthm carbonaceous argllllte between quartute and argrllrte units. A N

srmllar situation has been documented from the Ballarat West goldfleld Vrctorra Austraha'

: (Baragwanath 1953) in which lodes are confmed to 20-35m thrck carbonaceous black slate

o

“horizons: -

»
e e

It 15 apparent that almost all metaturbidite hosted lode-gold deposits have a .

,lithological or a structural control, but rno;e commonly, high-grade gold d‘eposits are found' .

T w o

. where a combination of the two contrals.exists, or a strong structural controls exist (e.g.
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Bendigo, Australia, McAndrews, 1965). ~ ° - =

The minimal wallrock alteration, or the lack thereof . is also one of the fundamental

characteristics of these deposits. If alteration is present at all, the halo is often (;nly in the

~order of a few cm to a metre wide. Boyle. (1961) documents some variation in alteration style
between low-and medium-grade rocks as follows!

*1. Low grade - A thin, bleached zone containing quartz, albite, chlorite, sericite, pyrite,” -

arsenopyri’ccasional pyrrhotite and biotite.

+ 2. Medium grade - Quartz, albite, oligoclase, biotite, muscovite, chlorite and some
pyrrhotrte and arsenopyrrte B . _ .

Boyle (1979) analysed the low-grade rocks around the Ptarmlgan deposrl and' concluded thal .

some alteration’ had occurred but that it was. very locahzed In [m;;he nct changes
2

towards the veirm were as follows:

Increase - Al,0s, total Fe, CaO, MgO, K0, H,0, TiO,, PO, c02 and S.

. i . v
ot ’l

Decrease - SiO, and Na,O C ‘ }: ¥

Almost all the elements analysed (Boyle 1979) showed an increase towards lhc veins.

Marked increases were noted for Cs, Cu, Ag, B, Ga, Sc, As, V, Te, Co Ni, Zn, Cd, ’Sn Pb,
W and F.

’ o

It is apparent that relatively few world-wide occurrences of metaturbidite-hosted

f4]

lode-gold deposits have been carefully studied in terms of their alteration. Of those for _vyh’ich o -
data exist (e.g. Caribou, Nova Sotia, Bell, 1948 in Boyle, 1979; Reefton, New Zealand, Gage,
- 1948 in Boyle, 1979) the results are similar to. the Ptarmigan deposit. One interesting example

is the Muruntau deposn Uzbek, S.S. R (Barmukhamedov 1975) in which skarn-lypc_ '

mmerahzatron has occurred in caicareous srltstones The metasxltstones are said to be bandcd

‘gue to 'metamorphic segregation’ of brown, biotite-rich, green actinolite-rich and‘ grey:

quartz-‘rich layers. The cause of the skarn-type alteration is interpreted as being related to an

© assumed gramtord intrusive body concealed at some depth ’

The data presented by Bo({le (1979) for a number of shear -zone deposrts worldwrdc |

are consrstent with a general depletion in quartz and.increased K,O/Na,Q and Au/Ag Tatios,

»

’
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~ and also: with noticeable increases in K, As, S,f Al. Fe, and Mg in the wall-rock mineralogy
towards the vein. The CO, content luctuates wndely within the allerauon zone, causing erratic '

Qi0,/CO, rauos but in gcneral the level of CO, increases towmds the veins. Boyle (1961)" "

\
J.argued that the deplelion of silica towards the veins in the Yellowkmfe shcar_-zone belt (type -

la ahd{_lb classif icatio}l, Padgham, 1985) ‘indicated mig;ation of silica from the altered walls,
towards thc‘\oemre lines of ihe shears. Boyle (1979) in an extensive review of the ‘lit'eraﬁt'ure.
-concludés tha!"’hy there is rnot enough in orma'tioh on the transport' of gold to presem a
'convmung hypothems concernmg the orxgm of thls ‘metal in shear zone and metaturbidite
“hosted gold deposits. However he does infer that lateral secretion is the most likely process
‘ “as that is how some of » the quartz was denved and gold is very commonly seen assoc1ated with
quartz. o - | | |

In sommar)"l the bulk elemem changes in the altefgiion z_one noted by Boyle (1979) for
lhc ‘shear-zone - type deposnts are " also apphcable albeit to a lesser extent, for the
mclasedxmem -hosted dcposns As a generalxsatlon those changes Wthh occur towards the

“mineralized veins are represemed by. ‘

li ~an increase in K ,0/Na,0, Au/Ag

2 a dccrease in SlO,/CO2 $i0, /volatxles

Boyle (19795 states that that these f eatures may be usef ul gu1des in the predlcuon of a

“local aunf erous ore body
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IV. Geology of t?e’Bu'llmoose Lake Gold Deposit

A. Introduction ; ~

The mineralization at the Bullmoose Lake gold depogn occurs wnhln narrow, en
échelon veins that are hosted by the Burwash metasedlmems ‘?ihe Yellowkmle Supergroup.
Cordlente and blome ar¢ the most extenswely developed prograde metamorphre mincrals, the ,

f ormer mineral being indicative of amphibolite grade m%tamo;phlsm. A nouceablc variation in
the liihology of the metasedirn'entgryroeks occurs throughout the property ranging From._:
metaquartzwacke to metapelite (Fig. 8). The ore-b%ring duarﬁ‘ veins ay hosted b-y
' metagreywacke umts which are stratrgraphrcally bound by older meLaquaruwaekes and by
) younger metapelrtes and. metasemrpehtes Pahmpsest megascopxc textures are local\y preserved |
in the metagreywackes,and metapelrtes/_metasennpelrles (e.g graded-beddrng, [lame-struct_ures :
and cross-be’ddrng) But in general: rne'tamOrphic overgrowths and structural anisotropies have
d@literated the prim‘;ry fabrics. Regional rnapping; of bedding contaCts has snown nm the
mineralized veins are hosred by metaBouma (graded unit) edquenees of fairly conérl‘anl' width
(1-2 metres) These veins are not smctly stratrf orm, as they tend to anastomose throughout
the graded umts, but, in general they are preferentially located within  the fmer gramed
upper portions of each metaBouma sequence (the 'interturbidite’ layer, Bouma, 1962).

Bouma (1962) provrdes a complete documemauon of the characterrsllc; of 'Bouma
Sequences and further sedlmentologlcal lnterpretatrons are summarized in Mlddlelon and“
Hdmptdn (1976) and Reading (1978). The términology adopted herein is in keeping with that
" of Bouma (1962). . |
- The only other_ rdck types ‘r_ecorded from the are:r are rnafic dykes. These. rocks
- probably belong' to the younger Proterozoic dyke suire which generally trends ;orlh—west

(McG]ynn and Henderson, 1970) and has been dated at about 2000- 2100 Ma ( Leech; 1966)

The dykes are not related to the gold mineralization at Bullmeose Lake

25
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DQ,ODA D LAKE

“ICORE VEIN AREA

{3 MINE WORKINGS

LEGEND
METAQUARTZWACKE

[L]r” meracRevwackE
B

METAPELITE

HEADFRAME
BEDDING. (known)
4

s

_ .~  BEDOING (inferred)

N

/ ARCHEAN FAULT

~ A A PROTEROZOIC FAULT
,~ . MAFICINTRUSIVE

o Figure 8. The geology of the Bullmoose Lake gbld deposit

.
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B. Petrolog& of the different rock units ;,t Bullmoose Lake &
A o - . S -

Metaguartzwacke

- .qtz, bi, cht, pl, py, ilmen, lithic frags, seric

i

This unit occupres apprommatel) 70% of the rock- outcrop al the, surfacc The

@

" stratigraphic thickness of individual beds is unknown, due to the indistinctive boundarics

between each bed. The buff- brown 1o grey metaquartzwackes are quite dnslmct in colour from

the darker fe]dspathrc metagreywackes, metapehtes and metasemrpelrtes Sometimes, horizons

of darker more pelitic material, occur within the otherwise ‘uniform, undifferentiated

metaquartzwacke‘and they are useful indicators of the strike of the bedding.
The rock ‘has a heterogranular, granoblastic texture and is'c'omposcd of 80-90%
quartz, 10-15% biotite and the remainder is made up of minor chlorite, plagioclase, pyrite,

lithic fragments, seficite and ilmenite. There is no matrix ‘due to its recrystallization into

biotite during metamorphism. The quartz grain-size is bimodal, 70%-01" the grains arc sr_nnll

(<0.2mm) anhedral, rounded grains and these are ihteférbwn with ‘largeré(>0 Smm)

" subrounded grains. Both grain populatrons display undulose extinction and some grains show

pressure -solution shadows. The rock is cemented by secondary quartz, derrved from thc

partial’ solutron of the quartz- grams during-regional deformatron Biotite and chlorite laths are

randomly orrented but it is apparent that the chlorrte is more commonly assocrated wrth local

biotite elusters and often cross-cuts and replaces the biotite. Anhedral plagioclase grams‘

(Aho-a) are partially to almost totally reorystallized and often display albite twins. In somc‘

‘thin-sections plagioclase contrrbutes up to 20% of the mode; it is thereforc evident that a
‘Z;omposmonal range from metaquartzwacke to metaarkosicwacke (Dott 1964 in Greensmrth
1978) is apparent in these rocks. Lithic fragments are rarely seen in this. unit although
occasionally, smafl clasts of or‘\er metasedrmentary rock are seen quasi-parallel to bcddmg in

outcrop. : ' .

>

-~
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! e
~._”.Basc;of beds : qtz, bi, chl, pl, py aep scric, musc, lithic frags, iimen, graph
- Top of beds, qtz bi, chl, cord, pl ilmen,.mt, seric, graph ank andal, py pc asp, Tuty’
lithic fragS. (act, apat, epid) - .
sulphide minerdls and gold ‘(tnainly in the v_ein matleria'l)..
The metagreywackes are. notjas unif otm in cgmposition as the metaquartzwackes.
These units usually have a well def ined ‘base and top and on average the beds are 1-2 m Wi e,
although the range of size is con51derable The most conspicuous feature of 'some of these
beds is their pahmpsest graded beddmg (metafﬁouma sequences plate 1 and 2). The
buff -coloured, quartr -rich base of each turbidité unit grades into fmer gramed darker
mctapehtxc material at the top. Although graded units are easx]y recogmzed m good outcrop,
they are not typlcal more common is a unit of exther metaquartzwacke wnh some mterbeddéd

metapel1t1c/metasem1peﬁt1c matenal or, a metapellte/metasemlpellte thh minor horizons of

metaquartzwacke In these beds there is<a dlstmct lack of pahmpsest gradlng visible in

-

-

outcrop, although in thin secuo.n a slight m)neraloglcal gradation can be detected. In the zone -

)

defined by the 'metagreywackes’, _scme 30% of the rocks are visibly graded whilst the

remainder are relatively homogeneous, with a composition in the range of the two end

» ’ »

Massive graded units

-

. The base of the graﬂed beds ('the massive graded' units, Bouma, 19625 are typified

by coarse-grained, recrystallized, sub-rounded quartz and feldspar, set in a .matrix of quartz

’ . . <

and biotite, with minor chlorite, muscovite and partially recrystallized feldspar. The Tocks.

display a granoblastic,'acoarse-grained,' heterogra'nular texture with grains varying ‘m size from
01’05.mm>_ - 1 cm. These roclcs are minei;alogically, chemtcally, and texturally-immature, as
shown by 'evidernce of a primary matrix abundant in un:_s'tabte rock fragments and feldspar.
The high quartz content of the massive graded units (85-98%), is attributed to two factors:

1. the prima.ry‘rolck composition, and more significantly; |

2. the recrystallization of the of the rock.duri'ng metamorphism.

?
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Plate 2. Graded beddmg and deﬂecnon df a stratabmmd vem, Core- _

indicated by the pencil), Bullmoose Lake

in area, ("way-up” is
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Biotite laths, and to a lesser extent, quartz, are quasi-parallelv to the pervasive late cleavage
(S3). The biotites are noticcably bimodal; one population having the lath-shaped form and

.constituting some 70% of the biotite popultion and a secongl later biotite -being more

"

cqutdtmenst\onal ‘and of len appearmg to be larger in the plane of most of the thin. secttons

Whl(.h have been “®ut in thea-b plane perpendicular to o, (of S3, the pervasive cleavage)

- . . Bt
Interturbidite units . . .

The finer- gramed upper horrzons of the metatu%drte units- ( mterturbrdtte units,

Bouma, 1962 (Plate 2), have a more varted mineralogy, typtcally consisting of 25- 40% biotite,

K

cordierite ( <25%), recrystalltzed quartz and feldspar, ‘and minor amounts of 1lmemte

~

pyrrhoute pyrite, chlorite and sencrte The cordierite is porkrloblastrc and contains numérous

helictic quartz, sericite and ilmenite inclusnons The quattz inclusions are randomly orlented

but the 'felted’ phyllosrllcate inclusions have a definite orientation in some of the cordicrite .

. @

crystals A notable feature of the quartz inclusions is that they are . smaller than the
»'

surroundmg matm There rs evidence of two generations. of cordrente (drscuseed in chapter
i V) and the earlter porphyroblasts are often replaced by ankeme ~jsencrte chlorite and
occasmnally by later cordrertte The cordterltes range in size from <0.5 mm to about 5 cm

length. The proportron of each mmeral in the rock can vary to an extent both in the same
Settion apd between different beds, this being probably the result of 'local vanahttons in the
bulk rock chemistry of the primary rock (also see: Ramsay, 19%3c for drscussron) Two
btotntes are present in the rock, both are lath-shape,d and an ’restmg feature of the later

biotite generation is the abundance of pleochroic haloes (Plate 3). In the sectrons studred seme

’ ~ 90% of the pleochrorc haldes occurred in late-stage biotites. Th nite, magnetite. and IlthIC‘

f ragments are sporadrcally dxstrrbuted throughout the rock( The lithic fragments are often
replaced by ankerrte Plagroclase feldspar (An,. .) is typreally assocrated with coarse-grained
quartz. The most characteristic petrographic feature of the _mterturbrdtte horrzone is the strong
foliation defined by the alignment of phyllosilicate minerals, ilmenite,and by the leng axes of

most cordierite porphyroblasts. L
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Plate 3. 'La(fe biotite laths displa'yin£ pleochroic haloes in the metaturbidite units, Bullmoose '

»

Lake
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Banding .

1 Banding, or mincralogical layering, withih the metaturbidité rocks adjacent t6 quartz
veins is a2 common phehomenon, and has\)ccn recorded from other type 2a and 2b deposits
(scen page 18, and Padgham, l198‘5). e.g the Dlscovtry deposit N.W.T (Lord, 1951) This
mincral scgregation gives the rock a grane-lepidoblastic textd‘re (Bard, 1986), consistihg of
biotite (and sceondar).l chlorite) aligned parallel to the pervasive cleavage, and interlayered
with poorly-alighed quartz and plagidclase. ‘ ’

The bio‘titc layers‘ are often cut by high-angle late fractures, infilled with chlarite,
opaques and dceasidnally ankerite. The width of 1hese bands varies (l).5 mm - 2 cm) and they
arc generally laterally continuous with the margin of the veins.

The intermittent quartz bands are epig‘ranular and have ‘a consiant composition of *
97 lOO% quartz and mmor plagioclase. The grains are interlocked and triple junctions are a

, common feature. Locally, stylolites and fi ine- grameq epigranular ribbon quartz-are developed
parallel' to the banding. The larger quartz grams- on either side of the rlbbon-quqrtz.ale
partially to completely recrystallized and yet still display undulose extinction signlfying
posl recrystallization def ormation. Some of the partlally recrystallized quartz grains exhibit a

[4

rehct f abnc which has a common onentanon parallel to the banding (Plate 4)
o 3
A large graphitic component (up to 30% modal) is seen in some of the interturbidite
- horizons (e.g the 4B and veins). The éyﬁphite occurs either as isolated gfains ((0.0Smm)‘ '

or as wisp-like sheets Ooriemed qu‘asi-parallel "to bedding. Rarely, large\ euhedral, pink

#4B vein wallrock. The graénﬂe l:omem is depleted in the more q A1ich beds, but the
mmcral is ubiquitous am all of t\l’?e Tocks studned at Builmoose Lake.

(]
. LV .
Calclum metasomatism _ . . ™

In some beds adjacent to quartz veins the mineralogy is influenced by localised
calcium metasomatism. Actinolite is seen replacing biotite and more rarely, cordierite. Isolated
euhedral hexagonal, green fluorapatite crystals are sometimes present in the quartz veins (e.g

the #14 zone, Bullmoose Lake and the Beaulieu' deposit, Lord, 1951). Adjacent to some |

) /  .. LS
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P}ate 4C Relict fabric in quartz graips?, (ppl),

9
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M

# 4B vein, Bullmoose Lake
»



veins, partigularly in the 'Corc-vein' arca minor qUamitics of scheclite have been detecled.
ln the 'Core-vein' arca, rocks which have been subjcct to inicnse metasomatism are
olten mmcralogxcally banded  and intensely sxhuf ied, and'ﬁ most, characteristic petrologic

-~

feature is the development of- two kinds of acunolne (e.g #4F vein at the 90m level). The

.

_bands Have similar duﬁcnsmns to those described above, biit are green ‘rather than
brown/black due to the dlf ferent mineralogy. The actinolige nch bands are the equnvalem of
the biotite, Quarlz and plagnodase bands in the previous secuon but are conspncuously devoid
of biotite. Some Sericite growth is evident but the only other minerals of significance in these

'laycrs are quartz, chlorite, fl,meriite, minor a-pziiite and epidote. Occasionally, cross-cutting

. ankerite veins occur, particularly in the viciniiy of and adjacent to, vein-sulphide miherals.
The actinolite occurs in two f orme, as-xenomorphic, radiating, acicu‘lar aggregates, and a mass

oT‘\ idiomorphic lath-shaped crystals. Plate 5 shows a basal section of idiemorphic actinolite
displaying thélfam\ilié‘r 56-124° cleavaée. The needle-like actipolite is mest often hosted by
quartz or. plagioclase in the presence of chlorite (replaeing bielite) at the margins of the
bands, where as the idiomerphic crystals are more commonly seen directly replacing biotite in
the interior of the bands. | |

7

Mctapeiite/metasemipelite
' qtz, bi, pl, chl, cord, gi*aph p\Qo asp, ilmen, mt, seric
‘5 The metapehte/metasemlpeme beds are local in extent and are best developed in the #7 vein
area and on the east shore of Doodad Lake (Fig. 8). The maximum combined Lhnckness of
ﬂhese beds (not stratigraphic) is about 40 m. The beds havga uniform composition and tend
. 1o be well-cleaved, giving the'rock a "ropey' appearance in qQutcrops in contrast to the smooth
_melaquartzwackes Veins hosted in these rocks oecasxonally display alteration. The #7 and
‘Max veins both exhibit a bleached propylmc alteratxon exteri/dmg up to 3 cm away from the

“vein. Some of the horizons in the metapelites are graphne-nch. These rocks have been

categorized as a separate unit from the metagreywacke, due to their apparent thickness.
7 - . . )

"

However, it is possible that they represem extensive‘metainterturbidlte units, which. are

) Lonnd
RY . s . .
. s v ] . D
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Plate 5. Euhedral actinolité surrounded by quartz grains,( #4 vein (ppl) (note primary liquid
inclusions in the quartz), Bullmoose Lake
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© opaque -iron oxides.

unusually thick or structurally stacked.

‘l

‘ Maf ic dykcs/snlls

p] pyx mt, ilmen.

o £

The dykes and sills constxtute less than 1% of the rocks present on the property and

h’m mrely heen mtercepted in the mine workmgs These mtrusnves both cross-cut and parallel

lh(. bedding, and are dtscontmuous along strike. On the northwest tnp of Buflmoose Lake ‘the

dykes are nbticeably flat- lymg and perpepdicular to the .dip of the beddmg :I}he intrusions

have been assxgned to the Mackenzxe dyke swarm on a purely geographtcal basis, (Henderson,

1985) and on the basis of their common northwesterly strxke The intrusions have a basaltlc
{

composition and porphyritic texture™with euhedral plagio‘plase and clmopyroxene set in'a

*  medium-grained plagioclase matrix. The rocks display chillfﬁd margins which are ‘enriched in

the sﬁtarmtgan veins, Boyle 1979) In thm'sectlon’-"‘the quartz veins are composed of
.»' *’/‘

'sub rOunded heterogr,&nular mterlockmg grains whlch dtsplay undulose extmctxon and trlple

boundanes These qu (12 ven;@ﬂ :'Ie host t0a vanety of sulphtde mmerals and gold (chapter Vi

,

. and table 3). Mmor amounts of pkagtoclase sericite and W1sp -like mclusxons of chlorite also

. occur.in the veins. The sulphlde rnmerals are often rimmed by ankerite, which was apparently

e

introduced mto the vein df ter the crystaihzatton of quartz '_' ARG i

N J&
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quartz

' pr veins
Bedding veins (paranel 1o Bedd'ng)

property and are particularly wel
developed in well bedded areas.
" Cften banded.

Location: West ZoneCore Vems
and throughout property

Eas
Bpé veins v
Blue-grey veins parallel to becding
and quasi-parallel to schistosity. th
banded.. .
Lacation: Throughout property,
particulaity in core veinarea, 7 vein
and 2 vein. ’ :

|' .

Displacement shear veins.
Veins paraliel to bedding ard
quasi-parellel to schistosity.
Not banded, blue-grey or white
QUan

q "core-vein" area and alsa #; #14,
4S ard #15 veins.

.

~Stratabound veins.
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oblicue to beds. Deflection of the vein
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matrix within individual units definés

_ the way up of the beds.
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«

Foliation veins.
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subparallel o foliation.
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property- West zone core vein
_area,? vem7 9 vein.

Quariz segregations.’
Imeguiar -

" shaped.bodies (blue—grey to
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Syn Fy to pest S3

Syn. Fytopest S3

Locztion: Throughout pregeny. pumcular!/ o R
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S3 L s

Post blue-grey Qz.



from these quartz veins. o " o X

A éucrosic varicty of quartz has been observed adjaeent to, and intergrown with, the
bluc-grey' quartz. :This typ‘e of ‘ quartz is generally a milky-white ogbrick-red colour and
.oE‘caéldnally’ha"s.‘dislinct banding of chlorite in ;.Athe. vein. In thin sectlon the quartz-gralns have
a polygonal, mosaic texture. Rarc'ly are any‘ollrer minerals, except sericite,“seen in this variety ‘

-

of quartz. The sucrosic appearance of the rocks is at'tributed to its partially broken down
intergranular cement,* which renders it rather friable. The brick- red colour, occasronally seeﬁ s

in oulcrop (and never §h the mine workmgs) is caused by the incursion of Fe-oxide rlch 4

surface waters infto the quartz-grains adjacent to mtergranular Spaces. *
-3

A banded variety of quartz vein (Bpb) is very noticeable in outcrop and is always
fparallel to beddin‘g (plate 8). The quartz is usually white to translucent, and based upon the

min¢ralogy and ummg of emplaccment these veins. are not related to the Bpé veins.

i ,,,‘

Late_ white quartz, (often referred to  as 'Bull-quartz'), ls‘ commonly seen

cross-cutting-all types of veins and country-rockj the property. These quartz veins .

arc very erratic in outcrop and are often o ntimetres thick. In thin section, the

' quarwt is medium-grained, has a polygona‘ xwre and exhibits sharp extifiction “The——

quartz is atmost totally devord of graphrte whi oba‘ﬁl‘j{explains why it is characteristically

' llght in colour, or- transparent Assays regrstered <0.1 g/tonne Au for all samples collected
L 4

e}
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V. Delormation and Metamorphism of the Bullmoose Lake Rocks
Introduction : . ‘ . | _ \’

. Several authors have published papers conc_erning the relationship between the regional

structure and metamorphism in the Slave Structural Province (sec pages 12 and 13, this

thesis). In this present study the author was concerned with the analy‘sﬁs of the local structure

at Bullmoose Lake to ascertain the variations in the jocal structural style and strain, and their
effects on the locations of auriferous quartz veins.
Mapping of way-up palimpsest sedimentary features (c.g. graded bedding, and

occasional crossed-bedded surf aces) on a 1:1200 scale revealed two major ,}stru"ctural features

.of the Bullmoose Lake property, these being:

4
#

1. a maJor overturned isoclinal sync]me thh an, axial plane trace striking north to

'E (the Bullmoose Lake synclme)

2. a flexure on the western iimb of the Bulimoose Lake svnclme Wthh is host to the gold

deposits. Fleld-and ‘underground-mappmg mdlcate a lef t-lateral sense ol shear for thc;

“ 2"

flexure and petrographtc studles of the syn-tectonic cordierite porphyroblasts lractured

grains and recrystalhzed grains are all eonsxstentw‘lth this sense of shear.

. Folding
Two main phases of folding are seen in the roeks:

Fl - The Bullmoose syncline and associated folds of relatwely large magnitude (>lOm) arc

the earhest folds seen on the property. The folds are generally tlght to isoclinal and have a

‘stegp easterly dlppmg “axidl plane (50- 70 E) -with an axial plane trace that mtersctts the

surface trending in a north or north- westerly dn'ectlon The Bullmoose Lake synclme is the

largest of the F1 folds is overturned on its eastern limb (Fig. 8).

F3 - These are small- scale folds (< 10cm wavelength) axial planar to S3 (350 -0107).

Bedding- parallel veins (pr l‘lg 9) are folded by F3 (plate 8), ,and often xrregular narrow,

N
late quartz veins are dlstorted into ptygmatic folds by this folding event.

39

-

(356 - 015) and d1ppmg<»‘70 east W1th a fold axis trendmg east (089") and.

-2



B. Schistosity L & )

Two phases of schistosity are evident in the rocks:

S2 - The earlies; phase of schistosity recognized in the.Bullmoose Lake rocks is preserved as a

reNct fabric that was developed between F1 and F3 and is recorded in some rotated cordierite .

po phyroblaéts There is ‘no schistosity’f’associated' with F1 (Fyson, 1975 1984, 1985) and it is
robable that. the inclusion }abrnc seen, is analagous to.an S2 fabnc that has been recogmzed

elsewhcrc in the provmce (Fyson 1982, 1984a). Fyson (1982) recorded S2 quartz mclus1on

trails in bioLitc porphyroblasts that probably correspond to a phase of _deformauon which

‘ e R
". transgress@d the major NNW-SSE fabric in afl east-west direction (see fig. 6, Fyson, 1982).

AL .Bullmobse‘ Lake the fabric is preserved' by 'felted’ phylloei)lieate minerals (plate 11) that

\

are orientated roughly perpendicular to the long axis of the cordierites. This tentative S2, -

fabric was only detected in about 30% of the specimens and the wide scatter in the fabric
. . £. . ) B ‘.

" direction is attributed .to the postf’SZ/syn-SB rotation of Ehe porphyroblasts. At Bullmoose

lake, no such inclnefon trails were detected in biotite or in any other minerals, for it is
probable that most of the phyllosilicates. \nere completely krecrystallized during subsequenl
mefambrphic evems._ Most of Fyson's work (1975, 1981, 1-982;. 1984a, 1984b) recerds_
porpﬁﬁeblasts in greenschist grade rocks. |

S3 l- The S3> sc.h'istosil‘y. is a regional f abric which probably developed during a.major phase of
compression .tow"érd'sj the end of the deformational -sequence. The schistosity extends.

throughout the whole Slave Provmce and varies from 320 to 010° strike (Henderson 1985) At

Bullmoose Lake the S3 varies from 330-354" and- dlps 50- 75° east. The S3 is, as mentioned

eg'rher, axial planar to FS but is also parallel or quasi-parallel to Fl., The schistosity is defined
in thin section by the alignment.of phyllosilicates, in particular biotite and sericite, and also

by recrystallized quartz and plagioclase.

N
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C. Faults, shears and tensional feattlres '
Introductlon 0
Many surface structural features have an orientation and rclauvc lotation  that

suggests. minot' faulting accompanied local left-lateralﬁ shear movement during progfessivc
deformation of the metasedimentary roclts at Bullmoose Lake. The structures have been
Tnf_ illed with quartz, and a complete descriptioh of the mcchanisms_cﬂttartz cmplaecmcnl in‘_
. shear and tensional regimes is given by Secot (1969), Yardiey (1986) and Kerrich and Allison
(1978a) Ideaily, in a purely isotropic medium fractures sheuld form perpendicular to o, (n,
* situation that may have occurred for the massive metabasalt hosted veins at Lex Lake,

. N W. T). The Tocks at Bullmoose Lake are strongly amsotroptc as indicated by pnman
lithological variations; most of the veins are located more ox:» less parallel to schistosity and
bedding which ..is };;t)bably as a direct result of the o, shear streé’ses operating at an oblique
angle to the fabfic in the rock. Purely tensile structures can only be formed in an
homogeheous lithology which is oriented in the ‘¢orrect sense to the principle stresses, and
whert ,the f lu‘id'pressure (Pf) exceeds the lithostatic pressure (»Pl)' At Bullmoose lLake Pf may
" not have‘lgtceeded P1 becattse there is abundaht evidenc'e that shear or oblique stresses (Bcach.

. : LI “ X
- '1980) were more influential than tensile stresses, particularly during the late Kenoran.

_ Genesis of the quar'ti veins in the éore-vejn area

. The Core-veins (Fig. 10), sometimes also ref erreti to as the west-zone or the 4_-vcins,
are the focus of mining activity at Bullmooee .Lake, with over 5% of the ore being recovercd
from these veins. There are approximately ten major, and twenty minor, veins in this en
échelon array. The veins pmch and swell along their length and of ten split-up into a number |
of stringers Falong strike. The stringers can pers15t into the wall rock for lengths of upto2m
and they often bend in an anttclockWtse direction av&y from the main vein (Fig. 12). The
'main veins within the Core-zone (e.g. #4, #41 #4L, #4B) vary in length from about
90-100 m and geherally strike 342-347 and dip‘f rom between 65-70°E. Some veins have been

intércepted at depths of 270 m by deep-drilling (Cloutier, 1986), although it is unknown

-

4
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whether the veins being exploited in the mine-workings are the up-dip extensions of the ’
deeper veins, or represent a seperate set altogether. Ir places 'cr'oss-veins' can be rcccgniv,cd .
in the mine-workings; theseseins transgress the w'éll-rock at an oblique anglt and join two
. adjacerrt rr{ain ve‘irrs.- The textural relaions arnd orientation of these veins sugécsls that they
were cmplziced at the same time, or sarif® period of time, as the main veins.

The_ orientation of the en gchelon veins, parallel to bedding within the F1 folds,

suggests .that the veins were emplaced coeval with the deformational event. The Core-veins

were emplaced when the orientation and magmtude of the deviatoric stresses causcd a shear
component to ind.uce fracture parallel to bcddmg and schistosity (although it is possible that
the 83 fabric developed during arrd/or_ after the 'pcriod ol‘f shear). |

‘ The expression 'Pf>P1+T (Henle'y. et al.':1976)‘ where T=the tcnsionsl strength of the

rock perpendicular to Pl' applies to the development of tensionat fractures, but as mentioned.

P

r does not neccessarily exceed Pl if a large deviatoric‘st’ress component is involved. T is

~ therefore of fundamental importancc, and at Bullmoose'Léke the mctapcl.ites ‘have a lower
tensile strength than the nretaquartzwackes arnd are therefore more susceptible o Hydraulic

fracrure. Studies performed on the varistion between diffeﬂrem rock strengths in shear 7.oncs
' thgoughout the w‘Orld (Phillips and Groves, 1983; Groves et al. 1985; Foster, 1985; Wood er
- al: 1986; Henley et al. 1976; Graves and Zentilli, 1982) are ccmsistem with the gcncra'l idca

that most mineral vein deposits are emi:laced in hosl,-roc'ks with low tensile strengths.

Although the Bullmoose Lake deposit is not of the "shear-zone' type, the mechanisms of
hydraulic fracturing in mctasediment-hosted deposit . arc the same.

In the metasedimcms of the Slave Province, it has been rloted (J. Brophy, pers comm

1986) that the cccurrence of veins'is often restricted to graded metagreywackcs. Arcas of
massive metaquartzwacke are not as conducive to hydrofracture for the varrauon between the
devratorrc stresses was' not great enough to mduce brittle fallure This therefore suggests lhat |
if fluid loss occurred as is possibly indicated by petrogaphic evrdence of rccrystalh/auon :
during metamorphrsm and pressure. solutron f eatures it equalled production by pcrvasrve flow

mechanisms (i.e. no'fracture, Wood and Walther, 1986). At Bulimoose Lake, minor white

4 fe
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quaytz-veins ana quartz-segregations (sce Fig. 9) are seen in the metaquartzite“but they are
pro_bably related to a later event, probably even later than F3. )

Evidence of hydraulic fraeture in the core-vein rocks is not ‘only shown by the
quartz-filled shear fractures, but also By the development of zones of ‘stockvr/ork
micro-fractures (plates 6 and 75. These were apparent at the surface,.and parpi‘cularly‘
noticeable at the termination of the main qugrtz veins. They probably,represent a _situationi;‘
Awhcrc the Pf is not maintained and the shear stress is dissipated at the tips of rhc,ffactures
(Nicholas, 1987).

Beach (1980) states that extensive growth of hydraulic shear-fractures is rr‘tost lrkely
to occur under.conditions of low deviatoric stress, and\ short shear-fractures -wrll 1form when
the stress difference is relatively higher. In the core-vein. area at Bullmoosé/':Lake "and '
clsewhere on the propeny, the . fractures arg short and it is therefore presumed that: large
deviatoric stresses have operated to form these f ractures. |

There is some evidence to suggest that there has been a fluctuating, but noticeabie
increase in the intensity of strain.during the Kenoran (Fyson, 1978; King, 1981). The vein
morphology may in facr be directly related to this strain increase,: Fyson (1984) cites the
- possibility of late horiu;ntal tectonics causing refolds (of F1) and late cleavage sets (S3A and

'S3B) clsewhere in the Slave Province. This implies t.hat 0,/0; may have‘generally increased
" during progressive metamorphism frr')m‘early Kenoran tectonrsm (F1) to late Kenoran
(F3/83). 1t is theref ore WOrt}ry of speculation to consider whether duri_ng the early Kenoran,
conditions were more conducive to tensional vein growth, but with corltinued o, influence
* shear veins were more commonly produced during the later stages of the Kenoran. . ,Sj

Banded bedding-pararlel’ veins (Bpb, plate 8) veins were th’erefore probably produced
during regiorral Pf>P]._ Although _Pf>P]_ produced the initial fracture, the guartz-veins w‘ere
probably produéed by ttie influx and precipitation of fluid along the dilatent fracture and also
- by quartz migration from fhe immediatev wall-rock (‘the 'crack-seal’ method-, Ramsay, 1980).

Under amphibolite grade conditions, fluids eﬂrre” transported by 'single-pass' flow (Wood and

Walther, 1986), and by this flow méchanism it is typical to get -a'teversal of stress conditions

>



Plate §, Stockwork liydrofractures in metagreywackes, #15 véin, Bullmoose Lake
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Bullmoose Lake

Plate 7. Stockwork hyc_lrof ractures in ﬁxepagreyWackes. ‘#11 zone,
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Plate 8. Bedding- parallel (Bpb) quartz vein, and minor zone of alteration around the vem
f olded by F3 (parallel to pencil), Core -vein area, Bullmoose Lake
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at the tail of the fracture (i.c. PF<P1)‘ The ‘met result of this process is the migration of

fluids into the crack ‘?n‘ediatcly behind the hydrofracture tip. /W"z'm-rock inclusion bands

(Ramsawy 1980) which parallc! the vein margins, divide quartz-layers of tht Bpb veins at

\Bullmoqsg& Lake .{piate 8) and are good cvidence for antitaxial growth of these vuns by - .

pressure soluuom. ﬂ.c grOWth of the veins f rom a central location towards the wall -rocks).
Repeated fracturing and sealing occurred along the same crack: in’ rcsponsc to Pr bmld up,

release and subsequent clastic-type recovery by wall-rock quartz migration to produce "the

o

_characteristic banding in these veins. The rélatively consistent strike of the veins pzirallcl to

bedding and their extensive lengths may also be additional evidence in support of a tensional
regime (\‘leey, 1986). There is also a lack of evidence for shear along the margins of the
veins, in outcrop and in thin-section. N

Boyle (#79) and several o}her authdrs discoverea minor silica deplction around

"bedding - parallet’ yems but it is not known whether the d1suncuon was madc between

bedding-para 1 (Bpb, rﬁls thesis) and auriferous veins that arc also parallel to bedding

but morphologica ery different (Bpé, this thesis). The Bpb veins throughout the

Bullmoose Lake property carry values of less than 0.1 g/tonne Au, which «may be further-

evidence of migration of elements from a local, rather than a regional source (scc discussion,

ES

chapter VIII).
- NP g
Analysis of the sense of shearin the Core-vein area "

The sense of shear in the Core-vein area was determined by several methods:

1. Field and undergrQ}md mapping - Field-mapping on a 1:1200 scale and underground

mappmg on 1:240 and 1:120 scales delmeated several en échelon veins thh a distinctive

form. The main Core-veins at surface, generally have a rcla_uvely constant strike

(347-354") {mm an area just south of Beta Lake at the surface ( Fig. 10), corresponding
to a grid position at 10,110(foot) N in the mine. All veins at about thxs latitude bend

towards the west on a bearmg of 300°; correspondingly, some of the veins seen in the'

~ south stopes of the mine (approximately 9800N) tail-off in an easterly direction on a

.
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bcarfng of 145‘.‘{ Thegexplanation of this q‘uasi-sigmoidal shape is the deformation of rock
by left-lateral s(grear. Further ,cv‘idcnce in support of this sense of shear is the observation
i of splay;stringcrs which arc bent in an anticlockwise direction (Fi’.g. 12). )
2. Petrographic evidence - This, of course, was used _seconda"r.y.to field data, byt-the study

revealed: the possibility of using certain_thin-section criteria to, deduce the sense of shear.

“

These eriteria are:

a: Pre/syn deformational porphyroblasts - The'rre is evidencg of 2 possible phases of
'cordicrite growth in the rocks. Tlre' 1ater cordi'erite sometimes has a relict inclu_sion
fabric (S) of phyllosmcate matenal which may represent an earlier sehistosity'
obhterated during subsequent F3/S3 deformation. These cordierites are rotated and S
often lies at a vanable angle to the external fabnc (S ). Usmg the crlterta of Zwarty,
(1962), Vernon (1978) Olsen (1978) and Simpson and Schmld (1983), and Brunel
( 1986) strain shadows produced during the rotation of the cordlerrte appear to -

support a left lateral sense of movement (post S2 and Syn/post S3), although it is

probable that srmple shear was accompanied by some flattening. The S fabric tends

: t'gzybmd arounvg sduw o%?g% porphyroblasts in a manner that suggests the ‘

‘ . n’i’etaﬁ rph;%;erwrrqp \;/%as Sufa]ept 1o, mwg than one direction of stress, which is quite
yy

e N

"ﬁ'.f;typrca‘i%-'sheared envr;‘onmem ‘ erneh and A‘éﬁt;on 1978a; Ramsay. 1980a)

Srmpson. and Schrmd (1983 page 1285). Slmpson and Schmid (1983) attested that the
}: o‘bhquxty of thebgrams to folrauon K:cated shear -occurred up until the last stages of

deformatlon Care -'must rbe assertéd™when using this ana]ysrs because subdomains of

o

' quartg, may mdtcate the mfluence of a heterogemc stress regime. ,

S <

B s TR T e
>

; c.’ _‘Dlsplaced broken grams Occasronal]y broken grams provide an mdrcatxon of the ’
‘ sensé’ of shear (plate 9) Unfortunately Ithrs method was not very rehable in the

a ' -Bul»lmoose Lake rocks, probably on account of the heterogenerty of the local stress

Lo "
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Plate 9. Brogegl qughy‘roblast(now replaged by ankerite) showing possible sense of shear,

.

(ppl), #4B vein, Bullmoose Lake |
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- 1egimes, and due to the dislocation of grains during ductile deformation.
l_)etermina'tion' of strain Ly

The Rf/¢- method (Dunnet 1969) of strain dete‘rmina'ion‘ was applied to the

Coreé-vein and west- hmb metaquartmes Analyses were performed in order 1o determme

whethcr n was possrble to documem a strain srgnature in the Core- -veins and wallrocks as
compared wrth lhe surroundmg country rocks. Marly’ analyses of strain using [hlS method have
been desulbed in the lrterature for example Dunnet (1969), Lisle (1977, 1985), Ramsay and

Huber ( 1983) and Onash (1984) “The assumpuons upon which the meﬂlod are based are:

1. -The def ormation was homogenous.

2, The mmal drstrlbuuon of r@rker long axes was random

3. There was no competency contrast between partrcle and matrix during deformation.
The Tatio of the long and shert axis,of each def ormed grain (Rf) was plotted against

the long axis orlentatlon (@) measured from a line normal 10 the shortemng dlrectlon. The Rs

- (the axial ratio of the strain elhpse) was determlned by comparmg ‘the }attern of pomts on

the Rf/¢ plot wrth publrshed curves (Lisle, 1985). The mmal shape pf the deformed markers

can also be estimated by reference to the shape of the final plot: curves

Due 10\-tl€ srze of the defermed grams photomxcrc?g?aphs were used for these

: analyses 10 plots were performed usmg a minimum of 40 points per plot (c.f. Dunnet ;969
[ or discussion). Quartz and plagloclase were the o ’types of grains used- for the analyses,

- for it is probable that most of the phyllosﬂlcates are: completely recrystalllzed durmg late -

. Ln " )
metamorphrsm ‘and also they afe unsuitable for this type of analysrs due to- their inability to

‘record strarn as well as Aother&}/ormed gralns, ‘notably quartz. , ' o >

Several problems are inherent in applying this nfethod to amphibolite grade rocks of

LN

this type. Firstly, the deformation cannot be considered homogeneous when. there is evidence :

"

1.. pressure solution;

2. ‘a primary matgix which would have caused the applied stress to be edirected in a
. . i R LT ¥
@ -
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heterogeneousomanner throughout the rock body.

-

" 3. a primary fabric, S2, which may have already caused the realignment of grains prior 0

" the latest deformational event.

‘Secondly, it is doubtful whether the initial distribution of -markers ‘was random duc to the

sedrmentary layering in the turbidites. »

Despite these constramts the results (Figs. 11a and 11b) do mdeed reveal a possnbie
difference m the amount of ’str‘arn-recorded in the Core-vem rocks, as ceunpared with the
surrounding metaquartzwackes. The -influence of pressurdesolution causes .wider fluctuations
than would normally‘be expﬁected (c.f Onash, 1984). By calculating the percentage shoriening
([1.—(1/Rs)] . 100), from the estimated Rs value, a 'diff_erence of »about., 40% -shortening -is
recorded between the less-deformed metaquartzwackes of the west limb of the Bul'lmoose
synclin'e'ahd the metapelites lof: the Core-vein area. Onash (1984) studied the effect of
pres‘sure solution and concl-uded that the Rf 19 data are appiicable to this type of deformation,
pr0vxd1ng the grains are spaced at intervals that do not cxceed the marker w‘idth In alliof thqi» .
sectlons/studred the amount. of matrix still preserved is neghglble due to its recrystalh/auon
mto phylosilicate materral durmg early prograde metamorphrsm Itis theref oﬁreh]probable that

the amount of stram recorded in, the rock corresponds to late stage defprmation when the' '

grains weDe closely packed as a res‘[xlt of ductrle deformatron and pressurc solutron at

» . o

greenschrst and amphrbohte grade temperatures and pressures e _ ‘ i

The: 1nterpretatlon is obvrously subject to controversy but thits type of study may lecad’
5‘&

to a better understanding of the deformation, especially, in surtable lower-grade metamor_phnc
terranes. _ : R . _. ﬁvg;

-

The relationship of quartz veins on the Bullmoose Lake property with respect to- principal

stresses

The habit and strrke of the quartz vems outszde of the Core -vein area suggests that

r

" -they were also formed. durmg the same phase of left lateral movement (Fig. 12) The largest

of these vems ‘are the #7, #9, #15, Skeeter fault vein- (mtersected by DDH BM85 22) Max:"‘

'S
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vein,? and the #1‘4 vein. The veins strike approximately nlorthwest-'southeast, quasi-parallel to
~ the S3 schistosity, and they vary in length and widtlrr. Gold v;lues ’m these veins are
anomalous (gcnerally greatér than 1 g/tonne for some of their st_rike) and expl‘oitat'ion of one _
vein, the #7 vein was staltcd irf October 1986. . o |
. Thc orlemauon of theSe veins, with respect to the Core-vein area (Flg 12) suggests
that they represent - synthetic dnsplacement fractures (Ramos 1977 Wllson 11982). These are
'. fractures which form obhque 10 o, and characteristically display the same sense of movement
4y the major shear. The #7, #15 #14 veins show ev1dence of possrble shear by the'
occurrence of wallrock in the veins, believed to be derived by splay durmg left-lateral shear. |
The. incorporation of wallrock clasts in veins of the Southern Slave Structural Provmce is not
uncommon and has been notieed in other nearby deposrts erg .M veins, Englrsh (1981) and
Thompson Lundmark Lord (1951)
Somc east-west fractures that are notrceable m the mme (fig.. 10) are probably local
rcla)tauon features produced by amsotropnes in the host-rock. The hxgh angle that these
l’eatures rnakelv'v’it'h the veins (llO-9‘O°) precludes the possibility that they are. normal Reidel

features (Baglett et al. 1981).
S

..

) D. Proterozoic(?) faulting @

The 'Bullmoose Lake fault (Fig. 8) is the only significant fault on- the property that is
probablv Proterozoic in age. The fault- trends' east-west for a distance o\f 30km and passes

" through tl‘e north end of Bullmoose Lake and south of the. Core -veins. Early geologxcal»

reports (Mitchel,- 1976) sought to integrate this fault .with observed mineralization, but 1t S

now clear from drill and underground data t_hat‘thisfault is not related to. the auriferous °
event. The fault cross-cuts all Archean structures and is characteriStically more pronounced

than the: Archean'faults, shovying up well on the\aerial photdgraphs of. the area. Diamond
: drilling in i984'inter’sected the fault, but no signif jcant veining or mineralization was observed
(Cloutier, pers. comm, 1985).

Lo~ <

. ' - |
? Located 1000m north east of the #15 vein (fig..12)
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E Interpretatmn of graphic plots ot' fllb%truetural data (surface and underground)

£

" Structural clata For—-bcddmg*.rﬁleavgge surface and underground veins bécn

plotteéd usmg the FORTRAN progran&mﬁb}f writien at Umvcrsrty of Alberta

The data show the - dommant‘ r}orth west trad of the stﬁrctural featurcs“scen at

A %

Bu}lmoose Lake. It is probable that the latest major deformatronal event (D3) has rotated the

earlier structures such that they now li¢ paraliel or qua51-parallel to S3.

The plots were useful in the determination of precise’ fold Characteristics when' .

- analysed in conjunction with conventional graphic plots on an equal arca Woll® net. The

i .,mam vems at an average angle of 17 - 20 whrch is consistent with a general stress drrectronﬁ A

o onented NW- SE C S . @ o

salient points of interest ar; listed below:
1. The S3 cleavage points show a tight cluster and are therefore indicative of ‘a consistent
 strike and dip (330-335" - 70 east). - |

2. The Core-vein area fold, on the west limb of the Bullmoose 'Lake syncline," has a fold Jaxis
trending 013" and ‘plunging 67" north. . ' ‘ 'v .

3. TheBullrnoose Lake syncline is an overturned, tight to -isoclinal (F1) fold. The a'xial
plane of the fold strikes north-south and dips 70° eastwards with a fold axis that trends
089°.and plunges 66" eastwards. The axial plane trace, whrch hy definition must lie within

" the axial plane and fold axis, trends 013 as conf’ irmed' by surface data. -

‘4, The trend of the main veins outside the 'Core-vein' area are quasi-parallel to the S3

7
. fabric.

5. The main 'Core-veins' are oriented between 347-354" and dip 70 north- eastwards
6. The strmgers which splay off the main veins have a strrke of 330- 333 and dip 70°

" north- east r R -

The Fl folding is therefore not related 1o the S3/F3 event, as is slpwn by thc'

dif fﬁgstructural orlentatton from the two events. It is possrble that the western lrmB “of the

Bullmoose Lake fold has been rotated into the plane of 83 as is shown by the antrclockwxse ’

orientation of the quartz strmgers and by their sxgmoxdal shape. The’ strmgers_splay of f the
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F. Temporal relationsbip,between the (Archean) structure, metamorohlsm and the developmenr '
of metamorphic minerals at Bullmoose Lake : :

The metamorphic mmeralogy of the Southern Slave Strucluml Province has been
. discussed by several authors, for example Ramsay (1973a b, c. 1974) Ramsay and Kamlmm
€1977), Kamineni and Diva (1973) Kamineni el al. (1979) Ifyson (1975,1982), Thompson
(1978). The rocks ' ]lmoose ‘Lake contain cordlerltc in their mct"apelit’ic f ruc'lilons-.
indicating that'at some. time during the evolution of these rocks, temperatures were in IXCCSS
of 550°C (Ramsay. 1974; Ramsa)f 'and Kamenini, 1977; 'l‘hom’pson, 1978; Winkler, 1979) and
pressures were less*than 5 kb (Thompson, 1978; Rarrlsay and Kamcrlini, 1977;'Wi"nl{ler 1979).
Ramsay andy'l(amineni (1977) studiecl an area between 'Yellowknile city and Ross 1.ake,

" N.W.T,. 40 krh North -east of Bullmoose Lake. Using staurolite and aluminium silicate

stabrlltv data as geobarometers and srllrmamte and other geothcrmomemc mdrcators (such as o
proxrmny to plutons), Ramsay and kammem (1977) concluded that 2 sragcs of a smglc
metamorphrc cycle were recorded in the rock An early phase (M2 of Ramsay and Kamineni,
1977) has-an: assemblage suggestmg conditions of 3 4.5 kb and 500°C (Buchan 1ypc lacies)
and a later phase suggestmg pressures of 2.5 - 3. 5 kb and temperatures of SSOC 700 C where :
srllrmamte was developed (Abukuma-type facies). 2 ) R
At Bullmoose Lake zoning of merammphlc assemblages does not occur on lhc
property. The nearest isograd lies 7 km to the north and it marks lh.c transition.to gTCCﬂSthSl E
‘ facies to _the north. The nearest outcrop of a major igneous intrusion to the property is ‘lhc
B}rckham Lake pluton of the Prosperous Lake ‘granitic suite (Henderson, 1985) which lies 7.5
km to the east. This pluton is very small in comparison to thé size of ‘othe,ré Archean plutons
in the Southern Slave Structural Province. Occurrences of other smaller pegmatites. in the local
area' between Bbckham Lake and Campbell Lake (’west of Bullmoose Lake) were indicated by
a gamma-ray spectrometer survey (Newton and Slaney, 19‘78)'. At _. Bul‘lmoose lLake a
' spodumene -bearing pegmatite outcrops on the south end of the property, and is not rclated to

the structures hosting the gold. mmeralrzatlon -The cordreme isograd to the north transgrcsses

the reglonal north- west to south-east fabrrc and thls together the wrdespread occurrence of
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pegmatite veins in thc area suggests the possrblhty of a buried g‘xmtord pluton at depth This

obscrvauon is important in light of the fdliowing drscussxon which draWs upon some

1

similarities ‘to the. results of work undertaken around the Prosperous Lake andSparrgw Lake

plutons. ’
FLarly Kenoran metamorphism ,
The earliest phase of metamorphism recorded in the rocks at Bullmoose Lake is t'he Fl

.

folding (D2 deformation of Fyson, 1978). The f olding was probably related to the initié‘}1 rise

of granitic plutons in the Bullmoose Lake district. It is proposed that during the gradual rise

~of ‘plutons in the early Kenoran, tensile forces were exerted in the supracrustal rocks above.

Tensile fracture of the Bullmoose Lake rocks and minor fluctuations in the deviatoric stresses,
and/or the geothermal gradient, produced the beddiné-parallel Bpb veins. Petrographic
evidence of pressures and temperatures using mineral geol;aron:eters and geothermometers is
sparse, due to recrystallization of early Kenoran metamorphic minerals during later regional
events. -Ramsay and Kamineni (1977) documented an early phase of metamorphism by
recognition of relict garnet and staurolite, but at Bullmoose Lake a very-altered cordierite
(Cordl plate 10) is probably the only remnant of thiS’early‘ metamorphic stage. The
porphyroblasts are totally altered to ankerite and rxmmed by later COIdlCI‘l[e (Cord2) and by
phyllosnhcat@@&?ordz sometimes preserves an SZ (S ). fabric (plate 11) which therefore places \
a relative trme.constramt of pre-S2 on the age of formation of Cordl. Amphxbohte grade

conditions were - therefore attained during an early phasc of metamorphism that probably

corresponds to the FI folding. The M2 phase of Rarmsay and Kamineni (1977) .probably

' corresponds to this phase, although -their rocks were prohabiy slightly more Fe-rich to

g produce staurolite and garnet. It is possible that during the latter stages of F1 metamorphism

stresses became shghtly more devxatonc terminating the development of Bpb veins.
The next event recorded in the rocks at Bullmoose Lake is an internal fabric preserved
in the Cord2 cordierite. This f abric, defined by fine-grained phyllosilicates (plate 11‘), is

probably analagog%% the S2 fabric recognized in biotite (Fysor, 1975, 1982, 1984) .and garnet

@ <
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Plate 10. Early cordxente (cordl dark brown) now replaced by ankerite, a latcr cordncmc
(cord?, yellow), phyllosilicates, and quartz (ppl), #4 vein

"Plate 11. Late cordierie - (cord2) with an mterngl fabnc (Si) comp Bhec of "felted
phyllosﬂrcates (ppl), #4 vein "
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(Kamineni et al. 1979) from clsewhere in the Southern Slave Structural Province. This fabric
may represent waning of the rising pluton,'élthough no direct evidence is published in support
of such a hypothesis. It is possible that a general increase in horizontal stress 0,/0, produced

the S2 fabric, the first{tecorded fabric in the rocks (Fyson, 1975).

Late Kenoran mctamorphism' i .

“As the metémorphism progressed into the late Kenoran, a penetrative regional fabric,
oricnted NW-SE, was su.penmposed on to these earlier features. Elsewhere in the Southern
Slave Structural Province it is apparent, that this fabrrc 53, 1s cross-cut by thermal aureoles
which are associated with the rise of graniti% plutons (Henderson, 1985 map-sheet 1601A).

At Bullmoose Lake evidence for temperatures in excess of 500°C is shown by’ the
growth of Cord2. This cordierite is often aligned with its long axis parallel to S3, although"
occasionally equant crystals are seen that have grown across the cleavage and, are apparently,
_ unaffected by it. The cordie:rite porphyroblasts are typically 0.5 - 3 cm in length and 0.5 - 1.5
c¢m in diameter. In thin section. some cordierite crystals are rotated in the S3 fabric and others
ase seen superimposed upon, the S3. The cordierite, therefore, clearly Y'grew post S2, as shown
by some Cord2 crystals containing an internal S2 fabric, but their time-span of growth eannot'
be constrained during the late Kenoran by evidence of both syn-tectonic and syn-thermal
" metamorphic }‘rystals developed 'in the same rock-specimens. Temperatures in excess of 500°C
are thereforé mdrcated for the late Kenoran phase at Bullmoose Lake and the amount of
strain is also regarded as probably being the highest that was recorded during the Kenoran at'
Bullmoose Lake, as shown by the development of the penetrative fabric. Ramsay and
Kamineni (1977) determined that pressures during the late Kenoran were probably lower, as
tecorded by the mineralogy. However _the confining - pressures recorded by mineral
geobarometers need not neccessanly reflect the stram of the rock, whxch is more dependent
upon the magmtude -of bdev1atorrc stress and host rock composition in most cases, especially

P

where a large shear component is involved.

B
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The $3 fabric is defined by the recrystallized biotite (and minor muscovile) and is

probably produced, together with the cordicrite by the reaction: . ,
) chl +mu9c,;L biot(1)+qtz +ab+1lmcn - cord +biot(2) + water

)

(Ramsay and Kamineni, 1977)
~ One nouceable feature of the phyllosmcales at Bullmo J)se Lake is the development o(
two different Biotite micas in the cordierite rich rocks. The later, cross-cutting variely may in
fact be related to the thermal overprint, and hence their equant habit in sections cut normal
to \S3 is due. to flattening by the influence of the thermal‘gradiem affectinvg the rocks
perpendicular and horizontal to S3 (Fig 14). Kamineni and Carrara (1973) also recorded the
occurrence of two blO{llCS in the Sparrow Lake area. They concluded that ‘they were devcloped
during different stages of a continual metamorphic process, as for the above, but were
produced by stress variation prior to granite emplacement rather than by a thermal overprint.

- Fyson (1984, 1985) studied the stress conditions during S3/F3, and during his
extensive fieldwork he recdgnized refolding and additional cleavage sets, possibly associated
with late Kenoran horizontal movement..In Fyson (1975) he cites pure-shear as a mcchanish

v‘ .to produce the consitent strike of S2 quartz trails in S3 biotite, but later, (Fyson,' 1984a) he
postulates horizontal block-faulting (simple-shcar) as a mechanism for the dcvclopmcm of

»

refolds and cleavage sets. Clearly pure- -shear could not have operated (in the absence of

simple-shear) to produce the rotated cordierite cryslals at Bullmoose Lake, and garnet at
Sparrow Lake (kammem et al. 1979)
The ev1dence therefore supports the hypothesis of mcreased mfluencc of o, by

hcnzontal simple-shear. The Core-veins were therefore probably emplaced during a

N

" fluctuating metamorph}c scenario, probably as early as F1, right up to, and postdalmg lhe
~7
S3/F3/M3 events. Evidence put forward in chapter VH ‘will show that lhc auriferous

mineralization occurred during the waning slages of the metamorphism, and therefore the
pathways for fluid migration had remained dilatent up to this time.

A late-stage retrogressive event (M4) has been documented elsewhere in the Southern

Slave Structural Province (e.g.. M4, Ramsay and Kammem 1977) and at Bullmoose l,akc

4
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" this is recorded by the noticeable direct replacement of biotite and cordierite by chlorite. Late
, 3 »
stage euhedral andalusite is also associated with this phase, suggesting that temperatures and
pressures were lo;)\/ef than for, M3. The most significant fcature of the chl;)rilc Trom B
~

‘pgrhgenetic vicwpoim, is its cross-cutting relationship to the mipcrals associated with main
phasgauriferous mineralization. A time, and a wmgtive tcmpcrat.urc/prcssure cohstraint, can
‘thcrefore be placed wpon the mineralization. Estimated temperatures and pressurcs of the M4
“phase (Ramsay and Kamineni, >1977) are 'less than S00°C and 3kb respectively (also see

Thompson, 1978 for discussioni.



.The gold mmeralrzatton is hosted- in blue- grey quartz veins which contain an abundance of

(plate l2)

"sulphtde mmera{s (up to $%) and graphtte Occasronally gold is also fOUﬂu in a sucrosrc

varrcty of quartz (see page 38) and thhm quartz blebs locateu in ‘the metapelrtrc wall rocks

‘e

Table 3 lists, -in order of abundance the sulphrde minerals found in assocranon wrthv_‘
-t

gold at Bullmoose Lake Routme petrographrc studies. were’ accompamed by other analyttcal

‘ techmques such ‘as mmeral reflectance (N 1.S.0.M.I!)}, S.E.M. and mtcroprobe stud.es m

" ordcr 6] determme the composmon of the sulphrdes The sulphrde mrneralogy is f atrly typltal -

- of type 2b (see pagc }8) vein deposns (Padgham 1985 Lord 195f Wrwchar 1957) except

bulphrde mmerals : S o

v a :
N that the BlTC mmeral tentanvely 1dent1f1ed as tetradymrte has not'been recorded elsewhere ih :

- 0 . 13

mctasedtmentary hosted verns of the Slave Provmce to the author S, knowledge

Polrshed thm sectrons were prepared to 1nvestrgate the relatronshrp between the opague K

and transparent mlnerals The most abundant gangue mmeral quartz is acconlpanted by

al‘olte chlorrte bxotrte sertcrte 1lmemte magnetrte ankerrte fluorapatrte scheehte agraphlte ,

- .
) : 7‘,>

and minor actinolite (at the vein margms) C L ‘,aee

R The sulphrde mmerals and gold are o?ten located anear the vem margms or wrthm the

i~
. ]

H'Slllleled bands of the metapelrtrc umts adJacent to the quartz vems The surplnde phase '_ B

! r

,assemblage (table 3) was, mtroduced 1nto the rock after the formatron of most of the quartz

/..

© and notrceably cuts across the stramed quartz (plates 13 and 14) or 1s mterstmal to quartz “'

' --(partxcularly Fe sulphrdes) or as 'late phase cross cuttmg vemlets The vemlets commonly, : :

2 .grams\(plates 15 and 1 Thc mmeralrzrng flutds were clearly 1ntroduced after peadtj

¥ \

S metamorphtsm as deduced frém their relati‘énslnp wrth deformed/ quartz The sulphrde

' mmerals are usually found elther as amalgamatrons ( blebs ) of dtfferent sulphrde minerals'

o

:cut across the fohatton (defmed by gangue mmerals) at a hrgh angle and are of ten runmed by

 "Method of analysmg the spectral wavelength reflectance of mmerals (Atkm and .'

L Harvey, 1982)

S g e e e
RN . Lo o P L TR SR S

\L - VI Gold Mmerahzatlon and Mineralogy at Bullmoose Lake . 3’&‘. N
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Pla

te 12. Qu riz "bleb" containing gold in silicified meta;‘)el'iticvwallrock,
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#4 vein, Bullmoose
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- boundaries, at top of photograph)’ (xpl)
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Plate 14, Secondary fuid inclustone®and gold
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“(note 'some fluid inclusions: crossing quartz grain .~
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Plate 16. Sulp

surrounded by quartz (xvl)\
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chlorite &d occasronally ankerite. The vemlets sometimes f ollow the path of stylbhtés and it -
'1s Very common for them to follow the penetratwe fabric for some of their length, TFhe

sulphrde vemlets and 'blebs' are not def ormed (Volkes 1969) provrdeg f urthcr evndencc of
S Q 4 i
post peak metamorphism mineralization. o ‘ : ‘ -

V‘SKmost common sulphlde mmerals pyrrhotttc and’ pyrite, ‘are occasmnally f ound
coexisting within the same sulphide bleb The grams are usually subhedral to euhedral and

vary in. size from 2-3 microns to several mrlhmetres in length Subrdroblastxc to idioblastic * «
T
pyrite ahd pyrrhotrte grains are_ also found in the metapehtrc wallrock ,surrounding quartz,

o

vems,ﬂssocrated with 1droblast1c arsenopyrtte There is no evxdence for replacement of pyrrte

1)

by yhotrte or vice- versa. Pyrrhotite is by far the dommant sulphldc found 1n the auriferous

Lot

qﬁartz veins. The pyrlte most commonly seen in the mmé‘workmg& not associated with the

aunf erous mrnerahzauon This coarse and often euhedral varrety of pyrite is often present on

s o

cleavage and fracture planes and was probably T ormed much later than the gold mineralizing

. N .
Galepa is a relatively rare mineral at Bullmoose Lake and is oon&incd to the bluc-grey .

event. ‘ . o . - Y

- quartz veins. It has often beer’ mrstaken f or’ molybdemte due to its blue colour and r..°llcablc
nature. In. thm sectron— it does n’ show the - characteristic: trrangular prtted cleavagc but it has.

been conclusrvely 1dentxfred as galena by S.E.M*., mvesugatrons. Galena 1s often a good /
o r- [

mdlcator of hrgh grade ore suggestmg a common paragenetic link between the Lwo minerals.

Arsenopyrlte BrTe pentlandrte chalcopynte an*d sphalerne are relatively rarc phascs

N [N

in the veins "(ex/cept for arsenopyrite) and .l;ey have, generally co-precipltated Jale in the

L]

«paragenes1s These sulphrdes are often’ found in fractures that contain, or are, parallel 1o,

" ‘-secondary mclusrons Several fracture “Cets commonly mtersect and there issno general
\ . - N ) ‘ . » ) |
o preferred fracture orientation. . o . < SRR A

x

Figure 15 1llustrates the observed paragenesis of the sulphtde mmerals Although Fe
: sulphrdes are the most common mmerals ﬂeg aphrc evrdence has shown that there” xs no

clear sulphlde paragenetxc sequence or paragenetrc sequence between the sulphxde mmcrals

P L
: . Y ) . .
, . ® B o . ¢

; \,‘ TheaSEM was - fi@d tvith an energy dispersive .analyser
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and gold. L .

Mmeralogy of the gold o ¥

The gold is fine-to coarse- gramed (0 3-20 rnm) and found in three f orms:

.

1 Large blebs assocmted wrth any of the. mlphnde mmerals listed above Ihp l#cbs rangc

J,v

from about 0.3 mm to several cm in length. Very rarely the gold has* becn lound
w' * AT
exhrbmng a cubic habn Of ten two or three various sulphide grams will combme wnh a

grain of gold and the assemblage wrll appcar rsolated in quartz ( platc 16). MW

é‘*w a #
2. Late veinlets often: comam quartz, chlorxte anlggne and varrous sul%e mm erats
B TR e A R ,
: typrcally Fe- poor sulphrd‘és‘ {1 some cases gold is Lhe only mmeral in thew besides

which is, consrstent with the f indings of Boyle (1979) and Brophy (pers comm., 1986)

. - e )
quartz and/or-ankerite, Ankeme is fairly common in the vemlets The gold Mhrs in

veinlets, like the blels, can be found in assocrauon wrth any qf 1he'lls;etﬁkulphldcs

g

although there is a preference for galena, spha]erue and chalcobvme ové’r‘l’e sulphrdcs .

In some cases a varfety. of different sulphides are precipltal,eq -:Qng mc lcnglh ol onc

) . H ‘« )
' . =y b .
vemlet . - L& A ,,.‘ r ol «.,*.

3. Interstrtral to laths of biotite formed during metamorphrs,m of lh ej@p (plglc 18)

The gold also occasionally f ormstrthm the broute flakes along the eaVage 3"“
PN m
X- rag spectral 1nvestrgations shows the gold to contam-less than 10% Ag (“plate l‘))

d. ‘

4 ﬂ [ ‘ .
. "' -' ‘l . ) . .
Gold grades . - ' . o
. ) l) - P ’
The gold grade of iAividual veins varies considerably, a sitnation which. js ‘not

uncdmmon to vein-gold depo'sits Grades can range from 2358 g/tonne (over 1.2'm, Northcrn

Mrner _August 1985) to less than I g/tonne in the space of a f ew metres. The beﬁ gradcs were .,

" recovered from the quartz veins, very little gold bemg faund—m—%he wallrocks The avcragc

4

grade in- the mine was 7.5 - 9.0 g/tonne (Cloutier, 1986), but enhanced values of up to 12

. 'g/tonne were fecovered from:

1. ore-shoots that dipped 65 - 70'l~1-within the plane of the vein

P ~7
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&

Plate 18. Gold forming interstitial between laths of biotite, (ppl), #14™ein, Bullmoose Lake.
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‘Plate 19. X-raﬂf spectrum histogfam of a typical gold grain, Bullmoose' Lake
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2. stringers which splayed off the main veins (stope assay plans, 60m and 90m level).

The nugget effect caused gold grades between successive 'lifts’ to be inconsistent,
ma’king rﬁine .p.lanni‘ng a very difficult task.

Certain \;ciﬁs ‘in Lhc Core-vein arca were more productive than bthers. The most
productive \‘/c‘ins‘ 10 datc {March, 1987)7were the #{, #4F, #41, #4],.‘ and #4L veins.

Deep driiling has inlcrsccied ‘a'urifer.ous veins at 270m, but it is doubtful wh’éther

cxploitation to these depths would be profitable at the present time.

5 The left-lateral shear reported in the rocks down.to the 90m level has not been

‘recorded in the rocks of the 150m level. The structural environment strdngly influences the

3

lacation of auriferous sectors. and therefore it is doubtful whether the conditions are

conducive t0 extensive quattz vein emplacement at depths below 90m.

+
-

Summary” I R

v
C oA

e .
1. 'Main-phase’ sulphiges.are characterised by a predominance of Fe-sulphide minerals,

@

e npgig.icula-r}yrpﬁrhot% .wﬁiéh of tf‘n‘\,f orm isolated blebs surrounded by quartz.

2. 'Late-phase' sulphides are those found in cross-cutting veinlets. Base metal sulphides and
’ ' oA . 4' N

chalcopyrite are the most common sulphide minerals in these veinlets. -

A Y . B
3. Gold .is found m equal quantities in both 'main-phase' assemblages afid 'late-stage

veinlets', ‘ L 4

4. Gold g"rédes were very erratic in the veins, however, better grades were exploited from

ore-shoots gnd stringers. -
. . . °

/ t : o : (

.
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,VIL, Fluid Inclusion and Stable Isotope (O,H,5) Investigationis -

A. Fluid inclusiong® . ’

Previous studies on fluld iinclusions from metasediment-hosted gold deposits in the Southern
Slave Structural’ Provmce ’. |
Temperatures of homogenization (T ) and estimates of fluid mclusron salmmcs from
various auriferous and barren veins in th%e Southern Slave Structural Proymee wcre presented
- by Ramsay (1973a) and in more detail by Enghsh (1981) Therr studies concluded that there *
were two compositionally .c.lifferem' fluids involved on the f ormation,of auriferous and barren

~ quartz veing, namely: C o e v,

E)

‘l. an early fluid (primary in'cwlusidns) - Mean Th, 250°C in greenschrst gradc rqtks and 280°C

.

in amphibolite grade rocks (range 1‘0 -330°C).

.u.,,f

Mean sahmty 5.5 wt% NaCi equ1v (fange 1- 8%) ’ _
- ' Yo -
~ 2. a later f lurd (secondarv inclusions) - Mean! Th’ 140°¢; ,ia})oth - greenschigt and
amphibolite grade Tocks (range "100-200°C). 4 ”

Mean salm11y, 11 wt% NaCl equrv (range 6- 22%) %
-~ O >,

/~Q02 and CH, in the fluid mclusrq;’ls
Crushmg studies performed by English (198'1) showed that a srgmf icant quantity of

CO2 was present but- he was unable to detect a. carbon droxrde clathrate (CO,.5.75H O)
w o ~. _———

@“fewne in aborft 4o% or ihe” ?a

i

L 4
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At T S
metapelitic wallr would cause Lgvh 10 be an important species in the metamorphic fluid
(Ryc and Rye? T >,
: ' ; \,A . J\‘e

cactions tould’ account g or thc presence of CH, MMorton: pérs..comm

O + 31&3 CH. +_H,O ’

# 16FeSiO, + C + 2H, » 68i0, + 2Fe;0, +CH,
| 6FeOQ + C +\2\H,.O - 2Fe,0, + CH, | )

Smith er al. ( 1§85) and Woot\r’\et al. 1986, identified CH, in fluid inclusions in quartz
at the .Hollingcr mine, Quebec, where veins -intersect carbonaceous horizons. Many. other
cr(amplcs of C‘H.foccurririg in mclamorph'ic rocks (_e.g.' Guha er al. 1982; Rye and Rye, 1974) -
are clear evidence tha’t the presence of hydrocarbons is not in any way. unusual in the
Yel]owknif ¢ metasedimentary rocks. CH, is not only important ao a factor which may&'increase
apparent fluid salinity, but also pos’sibly‘ an influerrtial fagtor in the'precipita_tion. of so'me
mincrals by the process o} rcduction. The Camiaren and Con gold mines in the Slave Province

ve both 1 \’&)rded high quantities of CH, in the wall ocks of the mine, and in October 1973

’

an cxplosion occurred in the Con min¢ v‘hrch was caused by the accrdemal combustron of

‘l.CHa. | Lo ' . »

" Fluid mclusron study of the Bullmoose Lake quartz veins
English (1981) determined the temperature of homogemzatron (T ) and salmmes of 5

pnmary and 5 secondary mclusrons from Bullrnoose Lake (#4 vein, T.A: clarms appendrx'

’

#3, anhsh 1981) His study found that thé mclusrons had a’'mean primary and secondary

-

Th of 280C and 140'C respectively. The mcluSrons also had -estimated salmrues of 5 5 wt%

-»ﬁa(,l Lquiv. for pnmanes and 11 wt% NaCl equrvﬁ prccondarfes both analyses
- '5‘

)v/

4 .« 8

Slave Province.

Freezmg méasuremems were not perf ormed in Lhrs present study.

>

corre%pondmg well wrth the overall Th and salmrues f or all of the 'vems that ge studred in the o ‘



“

» : | n

During this mvcsuganon Th expcnmems (in the lnqund phase) were performed on 42
fluid inclusions ;rom the Core“vems (#4, #4B, #4F, #41 #4!, and #41L.), 11 zonc, #9
vein and airport veins using a USGs. f luld lncilusion stage. The rogks were collected from
the 60m level in the ‘minc (#4’. #4B, #4F), lh‘c 180mm.level (#41., #41 vein), and the
surface (#9 and Airport veins) Sabnples ‘were care! ully selcc;cd SO lhet‘ both visible gold and
fluid inclusions could be observed. Sections were cut lo. 'abeul 0.Smm thickness and they were
polished on both sides. It became apparent that several (:l‘ the sections cut were not suitable
for fluid inclusion analysid because of the scarcity of i:clusions. probably as a result of
deformation after fluid entrapmem‘. : ’ ‘

. N » .
Primary, secondary and pseudosccondary inclusiogs were identified, using the criteria

outlined in Roedder (1984). The types of inclusion found ¢, as expected, simi_lar to those

found by English (1981, Fig. 4) and most of the inclusions (ov g 80%) were thereforé df the
secondary liquid-rich H,O-vapour variety (type la,'English. 1981).
1b, English, 1981) were much rarer, and these oftent contained more

secondary inclusions and occasionally contdined liquid CO,. v } '

Homogenization temperafures for 18 primary inclusions and 24 secondary inclusions -
are shown in figure 16, The average Th of primary inclusions is 272°C and- of secondary /

inclusions 200°C: The results of the primary inclusion homogenization lemperaturgs ape

imary inclusions{type”

thefefore_ comparable with the amphibolite grade inclusions studied by'English '(1981), but the q

secondary inclusions are, on average, 50-60°C 'higher than his results. The ligit of errof in the

-

" procedure was 1.5°C. ‘ -

Y

: Crmcal r’ew of the data on fluid mclusnons from the Bullmoose Lake deposit

Although the data collectéd during this study Df fluid mclusmns are 111'91[0(1 it is

pertine,m to review the results of English (1981) in the light of recent advanges in [ lu1d

inclusion geothe(mometry and geobarometry. .

' -

The salinity data of English (1981) are difficult-to compare with other sxmllar data

worldwide due’ to the fact that very few of these types of deppsn have been smdled in terms

'S . o
W Rl
¥

i
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i than the actual salmrty of the f lurd

o e )

- . . , ) | N

of their fluid‘charactcr‘is;tic‘s Yonover (1984) and Smith ez'az -(1983) Graves and'Zen’tilli

-(1982) studrcd fluid mclusrons f rom the Meguma drstrrct m Nova Scotra but*apart f rom these

authors there has been no/such study documented from metasedrment hosted gold deposits.

Flurd n'l‘clusron studies m the more t"amrhar 'shear- zone hosted gold deposrts whrch are

/

probably the closest analogy to metasedrmem_hmted gold deposrts based on structure and

genesis, typrrally have salinities that are less than 5 wt% NaCl equlv wrth a mean of 2-3 wt% '

-

.\
A\

NaCl cquiv. ' | . o o

uThe 1mportance or estabhshmg the correct flurd salinity is apparent when a pressure

>

’

: correcuon is applred to the Th‘ in ordér to determine the temperature ‘of trapping (-Tt)-' Errors

'gcncrated by estimation ol" the wrong NaCl (equiv.) content may lead .to a temperature

corre ion dlfference of § -20C for a body of rock experiencing the same amount of '
prCSSur/e (Potter et al. 1978) 1t is also important to dQ;ument the fTuid precrsely S0 that its

-

charactensucé may be accurately c0mpared wrth other deposits. Enghsh (1981) drd not report

- havmg seen - a clathrate although a considerable amount of CO2 was detected durmg hrs ‘

crushmg experrments The small srze of the mc]usrons and dlffrculty in recogmzmg the
q,

: ;clathrate precluded the recogmtron of CO,, but as sugge ted by Hrggms L1980) dzssolved CO2
i

in the aqueous phase can depress the meltmg pomt of 1ce by 3 2C If CO; is present but

remains undetected, the inclusions- will therel‘ore record an apparent salrmtx that is higher -

.
©

In sumrnary, it is possible that the Bullmoose Lake and other singilar vein flurd'_
composmons may be shghtly less salme than was prevrously »&srdered (13

closer o the

- composruon of fluids -observed’ in ‘shear- -zone' type ‘deposrts)t The salinity adJustments‘

neccessary to account f or CO, (1n wi% NaCl) are therefore obvrously greater for the primary .

mclusrons than for the CO2 poor inclusions oLsecondary orrgm

Havmg outlmed the influence of CO,, 1t is also worthy of mentron that methane 1s

very soluble in sodrum chlorrde brines (Collms 1979) andg if left unde‘tected wrlf\cause an

apparent, increase in the salinity of the flurd._CH. is probably present in t_he inclusions at
. . . ) R . LA o &

Byllmoose Lake and other metasedimentary deposits; thus its detection is critical if a precise

. [ . w
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salinity estimation s to be attempted. - ., e

Pressure"'correction of fluid in}lusion data ' - | - - .

Pressure estimates for the -metamorphism ‘of the Southem ‘Slavc'Structural‘ Province |
were presented by Thompson (1978) and Ramsay and Kamineni’ (1977)  based upon thc
stability, and age relatrons of “successive metamorphic assemblages The Th of thc fluid

mclusrons gives’ an estrmate of. fhe ;;mrymum temperature .of l‘ormatron bul by knowmg the

v e

‘approxrmate pressureq/yrmg mineralization a temperature correctron may be applied to give -

S
: e
an estrmatron of the temperature of entrapment The - mineralization " was. ‘post-peak

' metarnorphrsm thus an_upper limit on the péessure of entrapment can be placed at the.

pressures whrch are requrred to ‘form cordrerr‘t‘e (approxrmately 2 5 kb, Wrnkler 1979) k\c
hanica

‘ mechamsm of vein emplacement is then considered to be a f unctron of the mec

propertres of the rock under the rnf luence of P (Groves et al. 1985 Heple\ et al. 1976; Norris-

and -_Henley, 1976 Yardley, 1986) an approxrmate P1 can be assumed lor the lour of

emplacement. - ‘ : . : .
Some authbrs (e.g. »'Phillips.. and Groves," 1983 Fyfe and "Kerr'i"ch 1984)%cite the

greegschist - amphrbohte bcmndary as a significant . site for. hydrofracturmg, due 1o the

- transrtron from ductrle to brittle/ductile rheologrcal cond‘itrons and a site for the expulsion of

fluids by devolatrsatron The pressure at thrs depth within the supracru}al sequence has becn ‘

reccmstructed from the calculatrons of Thompson (1978) and eorresponds 10 a figure of 2 -

- s - S 3

2.5 kb. A pressute. correctron was theref ore applied to the Th fluid rnclusron results of English’

.

(1981) and of thrsstudy, to predict the lemp*-r,e of entrapment of the -mmeralrzmg fluids, -

provrdmg it rs assumed that these fluids actually mtroduced the gold
It is 1mpossrble to estrmate the limit of error rncorporated in thrs approaeh but it. is

safe to assume that the fluids were not connected to surf ace at the” pressures- and temperatures

‘predicted for erltra.pment,. therefore a pressure corregtion is \'varranted., English (1981) did nof

WA

' apply a correction because he Wron'gl_y"assrrmed; that CO, - H,0 phase' separa"tron ('boiling') -

had occurred in the rocks. The différent filling"' ratios that English observed were partly



/\) 'produced by dcf ormition of the mclu.srons durmg late tectomsm and were possrbly in part a
v ' simple l" unctron of efrors of observatton of 1rregular mclusrons ] ‘

1‘.

\g& 'ﬂ ' A cohservatrve prcssure cqrrectron of 2.kb has ther;ef?re been applied to the "lh for
the the salmrtres measured by Englrih (1981) usrng ﬁre curves of Potter (1978) anary

~

mclusnons are thcrefore predrcted to have a mdximum T of 4210 C (5 wt% NaCl equrv ) ‘and -

sccondary mclusrons 302C (11 wt% NaCl equiv. ) The precrst T is drffrcult to predrct but

.

1he estimated T is calculated as 360°C for pmmary mclusrons and 220C for secondary

. meluslons based upon the crrtcrra crted above ’ , . s

The srgmﬁcance of applymg a pressure correctrd‘h is' therefore to show that the .

7’
dcposrts were probably emplaced at temperatures hrgher than prevrously consrdered but more

data are rieeded to. constrtct the: temperatures and pressures of flurd emplacement An

estimated salinity correctron was not a le the data as freezmg ‘studies were not
, :

pe ormed in this study However, it is probable that the primary fluids are 2- 3 wt% NaCl

A

(equiv.) less saline than prcvrously consrdered on account of CO2 (and: possrble CH ) and
\\\ ) i
. '®sccondary f lurds 1 2 wi% NaCl (equiv.) less salme dependmg upon the amount of CHA

present { - o .‘ ' ;

* ~The apparent drfference between the Th results of Engllsh (1981) and this study for

€

‘e

secondary inclusions is unclear
. . S " _

" Summary of results -fluid inclusion study .. -~ - _ {(‘z
Primary inclusions - T, ~ 2/80‘C,v Tt‘.7 360°C, “salinity ~ 3 wt% NaCl equiv. &
Secondary inclusions - T; ~140°C, T, 2i0°C, salinity 8-10 wt% NaCl equiv. -

- L

»
B. Oxygen- and Hydrogen lsotope study ' e

T ) . . 1.

Five samples of quartz were selected for oxygen and hydrogen/deuterrurn 1sotope

' analysis. Three° samples were collected from.blue-grey quartz veins (#4 .vein,“Lambert vein,

#9 vein and the Airport vein) and the other sample’ was taken from a late white quartz vein

-
-~

' (11 Zone)_ A 4" . . Yoo~ . S R * “l

~

C L
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. '~ The oxygen 1sotope ratios oT quartz were measured usmg the BrF, method (Clayton :

]

and lvf'ayeda. 1963) Quartz ‘wa treated with BrF; for 24 hours at 650C 1o lrberate oxygen

- " N
whic reacted with carbon to form carbon dtoxtde The CO2 was analysud on a 602D MM
V] : .
mass spectrometer . ., ‘ . ' e
. © . J

The D/H analyses were performed by extractmg water from fluid. tnclusmns in quartz.

About 10 15 g of . quartz were cleaned and heated in nickel tubes at about 150°C f or 2-3 hours -

L

1o rerrgove adsorbed water The I luid inclusion study clearly demonstrled a tcmpcrature ol"

[}

homogemzatron (Th) difference. between the prrmary and sccondary inclusions, thercforcv

water was collected at drfferent temperatures 'ln _order to try and obtam {he 1so'f'opte

‘ L4

~ characteristics of each flurd Fhuid collected between lSDC and 350°C (by decrepttauon) was
¢
consrdered to be representatrve of secondary origin and the fluids collectcd [ rom gbove thrs

B
temperature, -primary . After extractron, the water samples were reacted with uranium metal al

'75q0° 1o liberate \hydrogen. Thef samples were then analysed for D/H ratios using a 602C- MM
: rnass"j spectrometer Ihe oxygen and hydrogen isotope ratios were cxpressed as: B
v . . ' - \ v
' 8—(R/R2 l)._lOJ ' : . :

Y
°

S standard respectively.

PP} - L. .

Analytical error is estimated as +0.1%, for oxygen and i3"/iéo7r hydrogen.

", The oxygen and hydrogen isotope ratios were fecor as a del value (8) relative to °
\ '_Vienna StandssewMean Ocean Water (V-SMOW, Gonfiantini, 1978). -
. ‘»u ;‘}« ‘ - L}
Results -

‘e

The analytical results together wrth other values recorded- from srmrlar veins .are

: presented in table 4. The 60 values of the quartz samples ranged from 12 2 1o 13.9%, for
. the Bullmoose Lake fluids and the single Dome 4.ake value was 14.9%,. -

‘ - The éD values (table 4) show a srgmftcant range of -84 to - 129%0 for the Bullmoose
Lake rocks The pnmary fliaids show aéD’ range of 84 to - 95%,, and the secondary fluids

, Wwhich were collected fr?m 150-300°C are stgmf icantly lighter (-119 to -129‘700).\ )

8 is expressed as per mrl (%o) and Rl and R, are ”O/“’O or D/H ratios of thc samplc and

»
¢

~o

—_
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The - oxygen jsotope composmons “of the orrgmal mmeralmng flul.ere caleulated..

using- the quartz watcr fractrdnatron equatron of Matsuhrsa el ak- (1979) The tempcraturcs

N,
‘;rsed in the calculatrons were those determmed lrom the cStrmated temperature of cntrapmcnt
f_ rom f‘luid inclusions. and have therefore been corrected for pressure eff: ects. ;
C e ’ '

"

Drscussronl‘ .o o ‘ Rl ’

The 6“0 value?-()f the four samples are shghtly higher than thosc determined by

- English (1981) ﬁﬁd Kerrich, (1980) who presem results for similar vems The results show. ’lhc

'Lake rocks Although only one such value rs avarlable th,e relative enrichment is consrstcnt
with the findings of English (1981) and Rye and Rye (1974) whcrc quart7 vcms are l 3%
heavier in greenschrst grade rocks relatrve to amplhibolite grade Fleck and Criss (1985)

attrrbute thrs type of trend to syn- metamorphrc amphrbohte grade [ lurds driven by heat lrom

o Lamber;l‘(vem (Dome Lake) hostéd in lower grade rocks, 1ose 1%, heavier than the Bullmoosc ‘

a crystallizing 'bathohth There is evidence therefore that the rsoto;ﬁwrgnature of thc vcms L,

~may be partly attrrbuted to thermal metamorphlsm Stokes el al. (1987). documerkevrdcncc

for vertrcal movement durmg M3/F3 in a similar vein deposit at Gordorr Lake. It is possible

that this movement. was caused by, the drapmsm of a granitic body /ﬂ/

x

* Recalculation of. the mrneral pair A )

quartz -chlorite (using the equation of chner and

L4

N |
Thylor, 1971) from vems oP the Ptarmrgan dep0sit (Kernch 1979) givés tempcratures ol

—

360°C for the temperature of entrapment of the f luid. This figure is consistert .with the Tt of -
- _. : &

_prrmary fluid inclusions of thrs study _
~ - b /

Frve maJor-\tyapes\f water have beent drstmgurshed on’ the basis of rsotop& analysist

RS S~

meteokic water, ocean water, connate’ water, metamgphrc water and primary magmatic water

<

+ .(Taylor 1979). The ore could have been precipitated from any of these ﬂurds however the

:rsotoprc characteristics and f 1eld relatrons restrict the possrbrlrtres to metamQrphrc meteonc or
: ™~ o ‘
pnmary magmatic -

y, e 4

Evidence for some ,vertical movement caused by drap;nsm' and the 8! Oﬂ id values o

cannot completely preclude the possrbrhty of the mf luence of magmatrc flurds {\Bullmoose

-



mdrtatmg the probabrlrty of a separate source.

85

Lake, provrdmg ‘Archean fluids are presumed to have srmrlar 1sotoprc charactensucs to

Phancrozoic f lurds It is possrble that some l’lurd may have been derrved from a plutomc body

[

and some by metamorphic devolauhsatron. lsotoprc readjustments may have occurred during

waning from peak mcta'morphi'sn).. However?the veins are notgwonnected o -any visible '

- -3 ) . R
,magmatic feéder system and the fluids do not'match the typical tight 8D cluster of a primary

-

magmatic [liid. lt is imp ob that if prlmary magmatic'fluids were derived front a.

grecnschrst rocks and those “of - amphrbolrte ‘- ) in the area of the
Prosperous lake granitic suite, are also slightly enrrched in 6”0 (Kerrrch et al: 1984)

L

The §D variation.of the prrmary and secondary mclusrons rndrcates the possrbrllty of a

different source for the two fluids. There is substantial evrdence from the fluid inclusion

- study and the trme‘elauons of quartz emplacement that the primary fluids were-of. a high

temperature origin . The primary fluid results are depleted in 6D relative to a typrcal .

rﬁctamorphrc fluid. however the freld relations- suggest a metamorphrc origin is more lrkelv
e
than a high temperature meteoric origin.

The secondary fluids are strongly depleted in 8D (- 119 to - 129%0) At fi 1rst glance the

results” may mdrcate fluids that are strrctly meteorrc in origin, but in essence 3 plausrble
. \

explanatrons are presemed
7 .

~

1. Although flurds were derived at leferent ‘temperatures, it should be pomted out that
'srgnrﬁcant‘mrxmg: of these different fluid inclusion popu}atrons d.urmg decreprtatron can

" not be be Tuled out. iy
2. Metamorphic and meteoric waters may have mixed (in nature) to produce the results.
" Metamorphic waters have a 6“0 range of +3to +20°/.,,, and 8D of 0 to -70%, (Ohmoto

1986) and meteoric fluids range from 0 to 25%0 and 0 to 200%o for 80 and 8D
respectrvely (Taylor, 1979) Therefore the results for the secondary rnclusrons fall
‘mid-way between the two end member fluids.

3.’ The presence of TCH. in Tluids causes GD values to be depleted (Rye and Rye, 41974). It is |

L}

v
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- . . .
important to note that methane is very soluble in sodium chioride ‘brines (Pl‘icc, 1979),

particulau at high pressures (Héas. 1978). Ryc and Rye (1974) documented signil"icamly
decrcased &D values in graphitic hoél-rog:ks (of the Prccamhrian. Homestake golq .
deposit) and attributed them to the influence of CH;. Crushing studies bcrformca by
English (1981) indicated that the fluids were trapped at high pressures and c:onlaincdl
hydrocarbons. It is therefore probable that these results, together with the recognjtion of
graohite in the.rﬁetapelites and blue-grey quartz veins, make it highly likely that CH, was

i’

an influential component in the f1did.

\ In summary therefore, the evndcncc is inconclusive with regard to lhé source of the
" fluids. However, the results suggest that there was generation of a heavy 81D and §"0 fluid

(of probable metamorphlc origin) durmg metamorphic devolatilisation, followed by a mixed
meleorlc/metamorphlc fluid of depleted 6D and 8O values. The process cnvmgcd is similar

to that described by Kerrich e al. 1984, where they claim metamorphic ‘and meteroric fluids

were generated during separate episodes.

C. Sulphur isotope study . - ‘ ' | o // -

Forty-seven sulphide rhineralslrom the Bullmoose Lake 'and\Donic Lake propertics
were carefully picked out for isotopic analysis. The separates were represc_nlau’vc of lhc_
sulphide assemblages empl‘aced with gold.

The petrographic study indicated the probability of mineral disequilibrium, however
‘the comimon association of pyrite and pyrrhotite'which'may have been deposited during a
separate episode from the other sulphides, .ju.s’tificd a more detailed investigation. A sccond
reason for performing these analyses was to. initiate a sulphlxr isotopic ‘investigation into’
metasediment -hosted gold deposits to compliment other isotopic and fluid inclu.fon data.

In the Yellowknife district, no sulphur isotoplc study has been ‘carricd out on

metasediment - hosted gold deposits, although such studies have been performcd on the typlcal

shear-zone hosted deposnts (Chary, 1971; Wanless et-al. 1960)
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The sulphidc’sapplcs were converted 1o SO, using the technique of Ueda and Krouse
"( l‘)x(),). Four mg of sul'phidc were_mixed with 80 mg of V,O/; + Si0, and then heated at 1000
fot 30 mmulcs The ¢volved SO, gas was then converted to SO, by reaction with metallic Cu.

K-

The gas was Ruﬁﬁcd by frcenng and then the S0, was analvsed 4or its lsoloplc ratios on a
mass spectrometer.
The rauo was cxprchcd ab

Qa (Ri/R,)-1 .

‘6‘ is expressed as pér mil (%.) and R, and R, are ug/128 ratiOs‘of the sample and standard
* respectively. i |

Analytical crror is estimated as 0.2%,. The ratios are recorded relative 1o the troilite
suphur phasc on rhe’ Cafion Diablo meteorite (C.D.T., Ault and Jensen, 1962)

All arralyses were performed at Dr. Grays" laboratory at the Um'versily of Alberta and.
were ,analysed for tlaeir *$/%*S Tatios on the mass spectrometer .in Dr. Krouses' laboralory.,

University of Calgary. "

Results'and discussion
Introduction
fhc results of the study are presented in figures 17 and 18 and are discussed below.
The samples were .selecred f rom known 'main:phase’ and ‘late-phase’ assemblages (fig. 15).
Pyrite, pyrrhotite, and arsenopyrue were collected from 'main phase' mmerahzauon at
. ‘Bullmoose Lake- and sphalerite, chalcopyrite, and galena representative of 'late- stage
mineralization*were collected from Dome Lake. Other sulphides identified from petrographic
studies could. not ‘be isolated in quantities necessary for analysis. Fe sulphides were present in
minor amounts at Dome Lake, therefore direct eomparisons of S“S values of identical
minerals from Bullmoose Lake/(amphrbohte grade) and Dome Lake (greenschrst grade) were
not possrble except in the case of arsenopyrrte - ‘
The samples were checked for purity using a low-power binocular microscope,
- however higher-power petrographic studies showed ‘that the sulphide minerals are almost

5 . ' . . o L
Ze | | _

- AP , : -
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R ampLe ¢ JLocaTION S py ©po asp sph cpy ¢n
™NIL 3 CORL VEIN BULLMOOSE LX 0.0 ’ - .
M-6041-1-78 . 1.4 .
R
BM-30412-100 . p )
BM-10412-109 SRR 0.7 |
BM-10412-126 . 0.1
BM~dL-1-7] - W)
. ~
M-604L2-2-77 . \*7 1. : ] ‘
. BM-604L2~2-70 . o
M-60412-1-00 . 6.0
BM-604L2-3-81 - 1.4
BM-604L2-3-03 . J 1.2
R BM~604L2-4-03 .- 16 4
. aM-604L2-4-94 . e |, .
. LY
BM-05-1-08 SKLLTIR LAXE 0.0 . ¢
8M-98-1-86 K 1.0 .
. - 1
BM-CS416-1-07 CORE VEIN AREA 8.9 N
[ Bn-Gs416-1-0¢ - e N
-
MAX] " “THAX VEIN (BM) 1.7 - .
MAX1 97— . 2.9 . .
M2 ” . ~ 1.1
MAX2 1) - 1.9
BMGS-1 100 CORL VEIN AREA N 051 ‘
mGs-1 101 . 3.1
»
BM4B-1 102 \ 2.0
BM4B-1 103 ‘ L4 1.e
- BM4B-3 119 , [ . 1.2 N ’ .
BM4B-3 ns - 1.6
- BH4B-3 120 . 3.1 —
- " "
MIV-1 116 7 VEIN 1.2
BMTV-1 17 - 0.9
‘BM-15-1 ° 108 13 VIIN 3.¢
BM-13-2 110 . 2.4 N
m-15-2 111 . 1.0 ' -
<
BMAV-1 104 44 VEN 1.2
BM-G3S-100 CORE VEIN AREA 0.3
. BM-GS-100 a.2 ] " ) 1y
- DO-14-1 127 DOME LAKEZ #14 VIIN 12.6 ‘ -
DO-14-2 128 . . KX
Do-14-3 136 - - ) '
00-14-6 137 N - K ] 1.1
‘ vo-14-6 138 . - 5.7 )
DO-14~6 139 . . . 1.0
DO-L~A(1}140 DOMEZ LX. LAMBERT VEIN.]| . : 1.6 ¢
. 0O-L-B{1)141 . D . 1.9 i .
DO-L-A(21142- . Q 2.3 . o -
DO-L-B(2)143 - . . 1.6
DO-L-1 144 - . - 1.8

Figure 17. §°*S%, isotope values for sulphide minerals fromeBullmoose Lake and Dome Bke
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always intergrown (parlicularlzf po and py). It is therefore possible that some sample
\ contamination may have occurred. ¢
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" ékb rsotope charactenstlcs of the different sulplnde mmerals -
Fe sulphldes - e !

"Fe sulphrdes from the Bullmoose Lake property have a 6"S ‘range of +0.2.t0

pyrite

+31 %o (15 values) and a 6 g range of 0 to +40 %o (14 values) The

yrrhotlte‘

T rattronatton factor for the py -pO parr has been determmed expertmentally by Kajrwara and "

Krousc ( 1971) and Ohmoto and Rye (1979) over the temperature range’ 250 600C Current ‘

data mdrcate that\ pyrne should be entiched in 'S relative to pyrrnohte ‘ der equtllbrrum :

“exchange condmons (Bachmskr 1969), but, the results show mcomplete seperatron between_j

the two, mmerals Estrma s of the temperature of deposmon using the f ractronatron between

(Kajlw‘ara and Krouse ~971) therefore gave ‘a_very uude range of temperatures (79 -

PY po .
700, C) Wthh were not. consnstent wrth‘ flurd [inclusion data. However the relatrvely trght B
fd-uster of 6“S values from the pyrrte and pyrrhoetite” could mdrcate that the sulphrdes were
longmally precrprtated in? equrhbnum w;th the mmeralrzmg flurd S.ubsequent metamorphrsm

‘ (whlv?}t is inferred from petrographrc study. by the growth of late chlorrte [M4 frg 3] and

‘ 6”61 rcsults) possrbly adJusted the orrgmal rsetoprc ratros ‘Since “pyrite undergoes sulphur

1sot0p1c re- equrlrbratron sluggrshly (Ba)chmskr 1977), the 6“S ,,probably reflects original
‘. tsotoprc, ratios. oo _ @ : |
Ars‘enopyrite ' 4

L e

Sl)\ arsenopyrne lsamples were measured l" or their 5S.values from the Bullmoose Lake
~-and Dome Lake propertres The results show a wrde 6’&S range. from 0. 0% to +5 7%, and
there is no srgmf icant variation m the values recorded from the two propertres However if
'the two samples ljrom Skeeter Lake are consrdered anomalous the 6"8 range is far;“ly tight

(+4 8%0 to +5 7%,) and may reflect orrgmal 6"S>‘values The samples taken ‘from Skeeter . -
' Lake were taken adj }acent to a fault- -zone. There ore the lrkellhood of. drsruptrng the orrgmal'
_6“S ratios’ under the mfluence of. a later flurd Q/or mechamcal processe% are far greater

uthan for the other locations. Arsenopyrrte ({4\ s the easnest mmeral to separate out frorn the .

4

~other minerals due to its larée rdroblastrc forrn in some specrmens Fractronatrdn curves for
w

e uarsenopyrne are not avarlable at the present time (Krouse -pers. comm March 1987)

v 5 . ; .
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Chalcopyrlte N

. O .
& ~ Four chalcopyrrte specimens were analysed for their 6S values 3 from Bttllmoose
Lake and 1 from Dome ‘Lake. The results show d relatrvely restrtcted range of &' é possibly .

®.
reflecting ther&-resrsmnce to isotopic exchange during metamorphism. / !
‘ Galena . “‘ . ; . . » v . - - . L R ‘/
e ~ N - .- o } /S .

e+ Galena was obtained from 5 samples collected from the Dopie lLake, #14 and

&

. / :
Lambert veins. The galena analysed was coa(rse-grained (>5mm), idioblastic.: and apart from-

"some possrble contammatron by btsmuth (as shown by petrographro work) was constdercd to

-be relatively pure. The results show a very wrde range of values l}rom -12% 1o #13. l%o but is

.1s probable that the one negattv? value was produced by ap a;talytrcal €IrorT. Drsrcgardmg this "
'value the range of %S }s +1.5%,, with a mean of +2. O‘l'w The samples of galena analysed
"were obtamed from, specimens which were co-exrstmg wrth sphalerrtc. The prcdn‘cted BM"S
enrrchment of - sphalerrte > galena in equthbrrum ‘¢Bachinski, - 1969) was -found - in. the’
co- exrstrng sp-gn mineral pairs measured Geotl/termomeky based on thc usc of A mincral
parrs may be therefore be possrble in’ greenschrst/grade rocks in the Southern Slavc Structural

%
‘Provmce Temperatures fog the #14 vein we/ calculated using the A (Ohmoto and Rye

sp- gn
1979) and grve results of between 170" 2{30C Thrs temperaturc range corresponds with the,

' temperature of entrapment determmed/{ or the secondary mclusrons at Bullmoose Lakc (140

'-300C Engltsh 1981 and this thests) | N o c

Sphalerite ! / 0

K ) L e

Three sphalerrte samples were collected from the Dome Lake property and ranged

- from 1’ 9%, to 5.4%, **S. The sphalerrte as mentroned co- exrsts wrth galena and therefore in

‘the absence of 1dtoblastrc crystals the varratron in 8%*S values. may in part bg duc to

contarnmatron)by galena A » - 4
Y :
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§YS companson\mth other lode gold deposrts o '
The 6"S hit range for the Bullmoose Lake samples (0 to +3%0) is simjJar to
Archean metabasalt and metadolerlte hosted lode- gold deposrts from around the world
(Lambert et al 1984 Phillips et al 1986) which typrcally have valugs from -4%. to +4%,
] (Lambert et al 1984 Goldmg and ‘Wilson, 1983; Phrlllps et -al. 1986). At low oxygen
fu'gacmcs. p_yrlte,has a &S value_ sinilar to n%-neutral fluids frgm which it is being
- precipitated, and’ these circumstances explain the low positivé"&"S'\alues for Fe-sulphides

f Tom many v\rchean "depOSits (-l’hillips et al. 1986). Deposits that show evidence of extensive

-

'alterauon (c.g. Golden Mile deposrt at Kalgoorhe Australra) display depleted 6“S values of
110 -7 %, asa result of local f lund oxrdatnon (Lambert et al }984 Phrllrps et al. 1986) The'

range of 6"Sp from Bullmoose Lake are consrstent w1th expected low .water-rock’ ratlos

| yrite
and_ thercfore contam- srr;ula: 8-3

t thé Austrahan deposrts ‘with low water- rock ratios.
However, thcy are sllghtly e‘ ;"Y,‘ ,-2 /no) relatwe to the moderately altered Ye]lowkmfe

deposits (Kerrrch 1979) and heavrly enrrched compared with. extensrvely altered deposrts such

as Golden Mrle Australxa (Phrl 1ps‘ et al' 1986) A e

v The &S of the hydrothermal flurd was not calculated because an accurate

~

Ueasurement of the pH an-d fO2 'was not possrble due to evndence for 'drsequllibrlum
consequently the limit ol" exrror straddles the H S/HS boundary The, ‘Suspyrlte and the ~
sulphrde assemblage make it possrble to. restrrct the fG, but not the pH of the fluid associated -

with 'main-phase’ mmerqlrzauon. Consequentlyﬁy calculations of the as‘sflui'd would be
- suspect, especially in light of the clifficulty'in interpreting S-‘isotopes from 'vein' deposits

'(Ohmoto 1986) and-the age of the veins (1 .£. they may have undergone post - Archean‘

. ' . s )
isotopic read Justments) . B : )

~a

Summary of sulphur 1sotope data .

. %he 8“S values of all the suiphide minerals from Bullmoo,se Lake and Dome Lake ranged

“from -12%0 (one sample) 10 +5.7%o. however the main range is from +1 to +4%..

2. the predicted enrichment of the S in different sulphide minerals (Bach'mski, 196%)

o &

/! ”;/
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nature of. the paleo-mineralizing fluid-at Bullmoose Lake and Dome Lake*

- 1.

2.

3

4t

5.
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. indicates that disequilibrium has occurred in amphibolile'grade. rocks, .p'r'obably‘ due to

a5 —

late-stage metamorphism, however, in greenschist grade rocks cqnilibrinm may have been’

maintained. . .

58 results from Bullmoose Lake and Dome Laké ere typical Tor the 6~‘."S range of -

pyrite *
all Archean lode- gold deposits wrth low water- rock ratios (1 4%0)

thereors no significant variation between the 6-“S_\f‘ rom the sarge. mmcrals_ in amphibolite

?

grade rocics ('Brr‘llmoose\Lake) and greenschist grade rocks (Domc 1.ake) based upon the

two deposits studied. ‘

geothermometry based on A mineral pairs is:not possible in veins hosted by amphibolite

. grade rocks at Bullmoose Lake but- at Dome Lake, whcrc the vcms are hosted in

_greenschist grade rocks fa) glve lemperatures of 170° = 280°C which are -consisterit

gn-sph

hd

with f lurd inclusion data f rom sccondary mclusroT from Bullmoose lakc -
L4

v ' . 7

(}omesitiOp and characteristics of the mineralizing fluids at Bulimdose Lake ald Dome

Al

Several observations, have to be taken into consideration whcn- reconstructing the

‘. )
the gold was precrprtated with both main phase’ and 'late- phase sulphide aisemblages at

e

Bullmoose Lake. o - ' - o .
g, , : ; : _

‘the predominant. sulphides deposited in -the ore;bearing veins were pyrrhotite  at
Bullmoose Lake and arsenopyrlte and galena at Dome Lake. |

secondary fluids were more saline, than. primdry fluids™( By up 0 s wth NaCl equiv.)

the pnmary fluids were probably metamorphrc m origin and thexr relauonshlp 10
w0 -

main- phase and zlate phase mineralization {s unclear o B

s

the secondary fluid inclusions were probably of a metamorphic/meteoric origin and are

N ’ 1 - :
. . L



def mltely refated to-the 'late phase mmerahzmg event. i} ‘

The composrtton and nature of” the mmerahzmg fluids is based on fluid inclusions and

isotope data. Scveral points must be borne in mmd concermng the collection of data. All of
the fluid iqslusion measurements were taken from the Bullmoose Lake prdperty. The O/D

isotope ratios were all measured from the ‘Bullmoose Lake property (except for one oxygen
: , S ‘

n’umber), but of the 4/7‘S’measurements 11 were obtained from the Dome Lake’pmpel"ty
p

‘Main- phasc and 'lat€-phase’ mineralization was observed at both Dome Lake and Bullmoose

Lake Unf ortunately due to the dtmculty in separatmg out sulphide mmerals from the .

" dif f}:rent Lphases only the the 'main- phase mmerals could be separated out at Bullmoose

Lake and 'late- phase mineraMdat D me Lake -

-

. The fundamental assum on 'th”i”t the followmg mterpretatron is based upon is,
therefore, that the ‘late phase mmeral asseMblage analysed from Domé Lake (¢py, sph gn )
is dlrect[y comparab[e to, the "ldte: pha&e as'semblage at Bullmoose Lake. The structure ,

s - 3
" alteration assemblages and type of quartz vein are very similar for the wo propertres

‘although the 6”Oquara suggest,,some rsotoprc variation (1-2%,) p?)s( ibly due 1o
metamorphism' However mineralization'is post-peak metamorphism and the 6“Sp it ite ratios

,“ are presumed to havc! been essentrally marqtamed \9 the Bullmoose Lake samples and. the

Dome Lake 6“S

) sp‘hal erite-galena samp“les despite some evrdence for dtsequrhbrrum Theref ore Y

thrs mformatron which appears to suggest that (1)the metamorphrsm has not affected the
_isolopic ratios to any maJor extent,, (2)together. with structural srmrlantres,_ (3)locii of
" ~depos’ition (within pelitesf (4)alteration and (S)paragenesis of sulphides is in support of the -

validity of using the mam phase mmerals from Bullmoosb Lake and. the ‘late- -phase’

:

mmerals f rom Dome Lake man mterpretatron of the fluid charaeterlsttcs of both properties..

“There are obvrously mherent\problems in adoptmg thrs line- of approdch, but iR view

1
o~

1of the I act that. Dome Lake is unusually abundant in-base metals relative to ferrous metals
(J. Brophy pers co?p 1986) it is unhkely that quantrtres of both mamt and 'late stage
mmerals wrll be fou

metasediment - hosted gold vein in the Slave Provincé. The most obvious p_r_oblem in adoptmg

[y

nd in suffxcrent quantities . for S- 1sotope analysrs in a srngle
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“this appr}oach is that, because the two properties are abumdant in different metals (Bullmoose

I
‘

Lake - po>py> basé metals; Dome Lake - asp>gn>sph>cpy>po>uy) this alone sﬁé,gesrs 4

rd

a different genesis for the two properties. . Tt

In summary therefore, this geological type of approach~ is not without problems,

v *r , L] . -
" however the following interprefation of the modes of Au transport and -deposition .are

considered the most reasonable under the circumstances. “ _ ,

]

. Several analogies can be drawn between the‘metavolcanic lode gold Adeposits of
Western Australia and Yellowkmfe and the Bullmoose Lake deposlt based upon-lhcir

structural style, fluid inclusion composition, Wall- rock algerauon 60 and 6D” "and &%

d!

isotope values. Lambert et al. (1984) contest that the average §**S values of +1%, to

pyrite
+4%, in Archean lode-gold' deposits are produced uy reduced fluids. driven out of host
greenstone rocks durmg metamorphism. THey cite the conVersmn of pyme to pyrrhotite and
slightly elevated 58 values (app;oxxmately 1"/.,o hrgher) in the mmeralned grccmtoncs 5
1elative to unmmeralrzed greenstones, as evrdenc;e f or Odevolanhsau(m and [ IU{S!_\I.C_dUCUOH at
- elevat,ed metamorphrq condmons ) _T

At Bullmoose Lake pyrrhome and pyme coexrst but, the overwhe]nhng dominance of

. pyrrhome is evrdence of more reduced and hrgher temperature condmons lhan those neeessary

comparisons between minerafized and unntmerahud areas at this time. - ','L* ERNRY '-'

The 63‘Spyrrte resul s from Bullmoose Lake were plotted on am fO; yk pH d{agram

(fig. 19) and compared 1th the 6*S from gold deposrts of” Westem Austraha a.nd

pyrite
Zrmbabwe [(frg 20, and Lambert et al. 1984, Phrlhps et al 1986) and Yellowkmfc (Chary

1971)]; The emperaturé of deposmon for - the Australian and" Yellowkmfe deposits is

approximately 290° - 60C 100C higher than t,he temperature of secondary mclusron
© a ~
entrapment at Bullmooe Lake (based on f’luld mclusron studnes Ho et al. 1985; Chary, 1971;

English, 1981, respec ively). The 5*S from Bullmoose Lake were therefore plotted at

pyrite : ‘ .

: A s v i N S

250°C. Recent work /on the stability of arsenopyrite (Heinrich and Eadington, 1986) shows
* ’ Lot . : .

that _lthe pI—i/f‘O2 of the Bullmoose Lake mjineralizing fluid can be further constrained with
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! some degree of assurance by plorting the stabrhty of both Fe and As phases at 250°. Thxs is, -

, especially usefu] in view of the absence of well defined alteration assemblages. The
- '
co- exrstance therefore of- pyrrhoute pynte and arsenopvrue in the 'main phasc of

,mmerahzatron shows that the fluid had. an f 0; of approxnmately -8 bars-and a pH of 6-8 in
. + w -
.2 system that is sulphur-rich (ZS 0.1 - lmole) A sulphur- rrch mineralizing fluid is mdrcatqd

by the abundance of sulphrdes partrculaly Fc sulphrdcs Withm and around .the quartz- vcms

, ‘e R ’ ,
. relatrve to the country Tock. = | - . . o . ‘

The dommant sufphur species in the [luid as determined by approxxmaung the pH and

fO2 were, H, S and HS T '~ ‘l

. . . .
. [

In deposnts with large water-rock ratios, tlghter Eh pH constraints can be put'on thc'
'fiuid by charact\errsrc alteratron assgmblages. However at’ Bu]lmoose Lake only local bloute
(and propylmc style assemblages) and mrnor actmolntc alteratlon are evrdent__and theref ore

the 6%S of sulphrde mmerals present in the sulphrde phase assemblagc and lack of oxndcs’ )
. R i\"'j" l r)] -
The. lowest reahstrc conccntratr,ons at whrch As S, and Fe can be transported oceur

T

'are the only useful guides 1o the Eh- pH of the f lurd

between 200° and 300°C (Hemrrch, and> Eadgngton, 1986). Therefore a change in the

physi¢o-chemical cond{trons of the {luids at or below these temperatures may tying about
. upfecipitation of 'sulphide minerals. The 6"Sp yrite and the dominance of pyrrhotite over pyr}tc :
in the Bullmoose Lake depoéit indieate 4 more reduced' mineralized fluid than _typ_ical higher

temperature metavo{canic deposrts {e.g. KamQalda, Austraha and Yellowkm )

.

° Parameters influencing the precipitation f sulphide finerals and gold from solution- at’

“Bullmoose Lake . ) ~ . ' .

The observed sulﬁhrde minerd] and gold paragenesis (frg 15) can bc exanncd by

’ reference to the relatrve solubrhty of metals in an evolved, reduced f Juid and th@ei Fcct of
. _
solubrhty and ﬂurd rock mteractlons on the stabrhzatr%n ‘of various 'blement complexcs (fig.

[
)

121) - ' . .a'
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Figure 21. The solubility of the predominant sulphides present in the Au bearing fluids plotted
> with respect totemperature and I"C)2 in a reducmc7 environment,; (modified after Meinrich and
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Figure 22 ‘Schematic pH - Eh dxagram showing some possxble changes in fluid parameters
that may bave occurred at the site of deposition to cause precipitation of the ‘Au from
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metamorphisth, although the latgy may have

’ Oxygen and hydroge 1sot PEY

transported as either a chlorid,e or bi-sulphide complex (Fyfe and Kerricl, 1984). The

b ratures of approximately 500°C gofd is rcadily

generation of significant qua’htities_of fluid by metamorphic processes are a‘lso‘ cvident at these
temperatures (Fyfe and Kerrich, 1984). The rocks at B;ulmoose Lake rca«}hcd amphibolite

grades, therefore the transport of gold and metals in fluids derived by n1:ctamorphism was
' [)

* most probablc at temperatures.above 300°C, ¢Specially as there is little evidence for ftuids of

magmatic origin. ' :

The 'main-phasc’ sulphide assemblage at Bullmoose Lake is dominated by iron and.

- arsenic sulphides, which are the first minerals to precipitate out in Fe-As-Cu-vPb-ﬁn-S rich

fluids Acharacterised by low fugacities (in the ‘H,S ficlq, Heinrich and Eadington, 1986).. For

the predicted Sequence of sulphide mineral precipitation (from .pyrrhotite to galena) to occur

"by a redution in temperature, according to the solybility of mctals dissolved in H,S, the fluid

-

——

would have to have been buffered by fluid-rock nmeracuons over a relatively long time span

At Bullmoose Lake the patchy alteration arqund the quartz veins and relatively non-sequcntlal
. e
precnpltatlon of sulphlde minerals and gold, are ev1dence for relatxvcly rapid precipitation

from sulphur-rich flulds source that were not of constam composmon through time. The

N
cross-cutting nature of the secondary fluids,*ind the variety of sulphide minerals carried in
o T ’

~ the fluids, are bot'h'evidence for sporadic mineral and ﬂuia\grec‘ipitatfon.

The most likely reaction that occurred to precipitate the observed quantitics of

. pyrrhotite (and ‘pyrite) is sulphidation, of Fe-rich metapelitic V\;val_l-rocks, possibly by the’

Il
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reaction:

FeO (in silicate) + HAW(HS) = Au® + FeS + H,0
The ox-ygcrr‘ fugacity of the fluid may 'have,been partially buffered by ilmenite,
magnclitc and biotite in the wallrock durirrg the onset ofﬂuid migration into favc;)urabl sites.
However, the rclauvcly small area over which the the ore was dcposrted lack of sighif icant
alteration, and amount of carbon probably alrcady in the flurd indicates that the flurd was
possibly alrcady reduced. Limited changes in the redox state of the fluid brought about by
wall-rock mlcracuon (and buffering of fluid by dévolalrllzatron equilibria), and/or fall in
tcmpcra\urc significantly altered the solubility of the metals in the flurd. The removal of
reduced sulphur from the fluid (to form pyrrhotite), effectively dc-Stabﬂizes any S-complexes”
that may be present in the {luid. Sul-phidatidn is therefore ovne method of precipitating gold. ’
Sulphrdalron does not neccessarily have td a~lter the oxidation state of Fe or Au, but in the \
recactions which are most likely to occur to form pyrrhotite. or pyrite. reduction of both Fe
and Au is evident (see above). - - , {; | V - \

Kerrich er al. 1977 in a study of the reduction of iron around .quartz' veins in the
9

Yellowknife district, concluded that to produce the anomanously reduced Fe''/ZFe ratios

observed around quartz veins, the fluids must_have begn ascending, already reduced~ar1d
travelling over a steep P-T gradiem'. In ‘the sysfem po-py-mt-H,0 they showed that H,"
_(dggivcd from the interaction of ascending'f' luid with wall-rock)\would be a more importarrt
reducing agent than sulphur speéies. . '
\‘;\reaclionsuchas: .’. B ( o ." | ,2 .

| FeS, + CH, + 2H;O » FeS + H,S +3H,+CO, L«
may be responsible for such reductron haloes. The opservauons of Kerrrch et al (1977)
. probably apply to the Bullmoose Lake and Dome Lake properues and to metasedrment hosted

gold deposrts in general
Reducuon may élso occur if the fluid composmon is buffered by a devolatxlrsatﬁon

egurhbrrum (e.g. muscovrte and quartz, Ohmoto and Kernck 1977). A pyrite + magnetrte ..
equilibrium issemblage would" be reduced to pyrrhotife + magnetite by such a bufferrng

d?
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“asscmblagc (fig. 14, Ohmoto and Kerrick, 1977). Reduction by buffered silicate
dcvolatilization,cquuibri& may partially explain the , reduction of }\-'c“‘/l"c" in the .
mc.lagrcywackcs/mctapclitcs wallrocks at Bullmoose Lake. : \\ oot

Reduction of the fluid by winleraction with graphiti—c horizons (plate 20). is another

method that may cause ggp precipitation. The reaction df a gold-bearing fluid with graphite

and iron 6xidcs in the'wallrock may occur as f ollows:
. °
Fe,O, + 3HAu''(HS")+ 4CO; + 5H,0 = 3Au®” + 3FeS + 4CH, + 6.50,
' Hngh temperature (400 c”). Lower Temperature (400 - 280°C?77?)

" Under amphibolite' and greenschist grad; P-T condmons CO0,. H;0 and CH, arc the
maiR constituents of a fluid in equilibrium with graphite + pyritec + pyrrhotite (Ohmoto and’
Kerrick, 1977). -French.(l§66) observed that CQ, is prefegcnlialiy concentrated -in - higher
tempcrkature, more o’xidiéed conditions than CH,. The xck of CO; and increased CH, in ‘lhc

secondary inclusions relative to primary. [luids can. therefore —bé explained in terms of
temperature and fO,. The lack of carbonation of the wallrock at Bulimoose lake, 1s
compared with Z{cllowknifg-type and Australian shear-zone deposits, ns therefore probably
partI)./ due to the .reduced, lower temperature state of the fluiq (i.e. 366’C'I‘or shear sonc
deposits vs. 220°C for rﬁe,tasedimént hosted Auv-quartz veins). ’
The relafivély high NaCl content of the secondary f lnids makes it likely that lhc basc
metals present in 'l;te-phase" veinlets were carrit;d as a chloride -complex. The reduction in
remperature as the fluid mteracts with cooler host-rocks would cause the thondc complcxcs
to become unstable and prec1p1tate galena and sphaleme This reaction would effectively
remove sulphur from the system and t;here{orc any sulphur complexe§ such as Au(HS ) arc
destabilised éausing the .precipitation of chalcopyrite and gold inm .aséociation with the .basc
- metals. The generai observation of gn-sph-cpy-Au in the veinl;ls synchronous with secondéry
inclusions is evidence that in some cases the fluids may have had time to evolve in cduiljbrium
with reduging conditions, like some epithermal Ag-Au and Au veins (Wﬁltdr\. 1987; Reed ana
. N . .

Spycher, 1985). As a rule, the common occurence of Au with all sulphide ﬁxinc‘rals at

/ - S . .
ﬁl}llmoose Lake, suggests hat althbugh some fluid evolution may ‘have occurred, the

N X

3
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Plate 20. Bads of coarse- gramed pyrite and arsenopyme parallel to beddmg in graphitic

wall-rock, #4 vein; Bullmoose Lake N
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precipitation of sulphides and gold was so sporadic and strongly affected by rapidy local
Ir';‘c-sulphidalion and C-redu-cuon that progressional cvolution of a single fluid would b’
i'mprobablc..

It is not known w.hcthcr the primary fluids were in fact responsible for any
mineralization, but data conccrhcd with the solubiliQ of mctals show that, po and asp should
be pr;zcipitated at significantly higher‘te?x\xperatures than thé base metals in soluti?n (tig. 21).
If the primary inclusions arc ’thcrcfofc indicative of l'émpcrallxrcs of arsenopyrite and
pyrrhotitc rr;ineralization, very steep temperature gradients may have caused the precipitation
of heterogencous sulphide assemblagés.

-

The sccondary fluids have 6'*O and 8D ratios that may have been derived by mixing
of m‘eleoric and metamorphic fluids. This ynixing may have also been an influential lactor
causing precipitation of sulphides by oxidation processes, although 6°'S values suggest that
mineralization was largely confined to reduced conditions.

The -nteraction of sulphidation and reduction processes. combined 'wilh a steep
te‘mper_g‘ture gradiem thercfore probably caused rapid 'p'rccipilalion; of sulphides and gold,
which may have favoured the deposition of local high-grade ores.

i .

The genesis of the Dome Lake veins is considered tc be similar to the Bullmoose l.ake
auriferous veins. The reason why the Dome Lake veins.arc rich in basec metals, when almost
every other known Au-qtz vein in the Hearne Lake arca cohtéins substantially lower quantitics '
‘ otl these metals, gs a mystery. The only explanation put forward to explain this a:lomaly is
possibly that lﬁe mineralizing fluids werc more NaCl-rich than at Bullmoose l.ake ahd

therefore they ‘preferentially concentrated metals transported b§ d’ complexes. It is

speculative, but maybe the origin of the fluids was a 'saline pocket’ (see Fritz and Fra?c,

. q
1982; Frape and Fritz, 1984, for discussion). Large quantiy enopyrite precipitated

Y

prior to the base. metals may have acted as reduction traps (Heinrich gnd Eading}on, 1986)

and precipitation of gold may have been predaminantly influenced the abundance of
arsenopyrite. At Dome Lake the spatial association between arsenopyrite and Au is.

- p
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parlxcularly noueeable and was used as a’ prospectmg tool The paragenes1s of sulpmde

-

.

~ mmeral’s at. tms properly may be more akm to some mesqthermal vems (see Walton pp
U s 100 1or dnscussxon) a‘lthough not enough mformauon is available at present to draw’ any

,dnrccl cpmparlsons.
A T s

\



I " VIIF. Conclusions -,

Ni‘(;)del for the emplacement of Au?quartz veins at Bullmoose Lake and implications for thc
genesis of srmllar?deposrts in the Slave Provmce , | .
Introductton R o . o N J S .
The Bullmoose Lake Au- -quartz veins have been mvesttgated by analysrs of thcu~

@
structure mmeralogY, flpid mclusrons and stable isotopes (O, H, S). The r-esults are

~, integrated with regronal flutd Inclusion and metamorphrc data ‘(English, 1981 Ramsay

1973a). .The thesis has endeavoured to describe all posstble fac{ors influenging the
emplacemen; of all ‘quartz veins at Bulimoose ‘Lake, but at the same time it has brodder

. . . » ) X 4 . ) )
implications which concern tr: em: cement of Au-quartz veins in such host-rocks

_ . . . .
~throughout the Southern Slave Si .<tui TOvince, o . ?

i
At Bullmoose Lake there were two distinct foldmg events ‘which are also rceorded

Structure a’nd deformation . : ‘ ' , \

elsewhere in the Slave Provmce The, earher*¥1 event folded the rocks at Bullmoose Lake into
an overturned 1soclmal synclme During and subsequent to this event, a parasitic shear
developed on the western lrmb of the fold, due to the rheologlcal amsotropy in the count'\"
TOCckS. The‘_left-'lateral shear is host to an eu echelon set of blue-grey quartz veins that have
devetoped pa‘rallet to bedding. The blu€-grey quartz v'e.ins‘a're located in Fe-rich and grabhitic .
metapelites/metagreywackes'and ’derive their colour from fragments incoriilated from the
graphxtrc host. Outsrde of this shear -zone veins are developed quasx parallcl to the shear °

(dlsplacement fractures) but ate'not often blue-grey in colour, ang are predommantly located

in poor]y graded or ungraded metagreywackes

Early Kenoran metamo_rphism_ __

rag

It is possible that during the compressional F1 event, bfsluid‘s ‘derived from

recrystallization’ of metamorphié rocks frequently exceeded lithostatic, pressures, producing ' o

—
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3

: bandcd bcddmg paraliel (Bpb) veins. pr veins are located at the boundary between two

beds, or between two dlsimctly diffesent -units within a bed.-They form in a w:de variety of

-

lnhologlcar composmons ranging from metaquartzwackes to metapehtes These veins were

probably emplaced by 'fluxd_, recxrculeg\‘ mechamsms under relatlvely low permeabllmes at
rclat'i\'/ely{low temperatures. Au valtes in these veins are characteristically- less than 0.5.
g./tonne and this f actor together with their mbrphology,- timing, and lack of evidencel“for shear’
mdlcatc thal lhey are not ‘related to the ore-bearing veins. T | |

Thc S2 s defined by a rehcl fabric in cordxerlte porphyroblasts, and probably mdlcates
that contmued_bon_zomal ‘tectonism induced a fracture into the rock after FI.
: Latc Kenoran metamorphnsm \

During the later stages of def ormauon a reglonal NW-SE fabrlc was developed (S3)\‘
in all of the hhologxes at- Bullmoose Lake. It is possible that the metapehtes which host the:-'
'aurlfcrous quartz veins werezrotated parallel to S3 durmg this eplsode Strlke -slip shear
" induced brmle f alfure m the relatlvefy thin metapelltes and mterlurbxdlte layers of
' mclagreywackes relatlve to more masswe metaarenacedus units.

The progressive horizontal and associated stnke shp deformation style, whxch was

R N » 3

ini‘tiatéd‘"cﬁring?jl and continued up until and after F3/M3, suggest_s a gradual increase in

horizontal 1eetqnism during this time period. vVert'ical movement, during F3/M3 has been

~ documented from/ncarby deposits (Stokes & al. 1987) end has been attributed to the riee of

granitic bodies at depth.

. .-’ . C e

Rf/¢- determmauons were. not particularly mdlcauve of the $train variation between
aunf erous and non auriferous rocks. The stram variation between sheared and unsheared rock

~ was more easily seen in outcrop. .
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Quartz veining’ .' ' ’ . . ' '

1 : 0

o Several quartz vem types occur at Bullmoose Lake and cach was classrftcd aceordmg to

1ts structural confrguratron host rock morphologv or relalive age. The seven major types of “\

vein are:

1. ‘Bpé - en échefon blue-grey quartz veins .lo‘cated within ‘mctapc{ite%/metagrcyuvaekes in am
left-lateral shear on the west limb of the Bu_llrnoose Lake syncline They occur
quasi-parallel to beddin.gfand schistosrty. These ere the ore-bcaring veins on the property.
Size - 2cm to 2m width, ~.up to IOOm léngth. ('Core-veins') S :

2. Displacement shear veirts - blue-grey' or white quartz. Located quasi-paralle! to bedding

“and cleavage. Very erratic ,minera_'l_ogy'and 'ore-érade_s (1 g/tonne to >30 g/tonne :ovc-r
V‘\lm) Size - 2cm to ﬁru width, . ;.'up\to S0m-length \('#9 #14_ #15 and Max vcins) ’

3. Bpb - banded, bedding-paraliel; found in all hthologrcs “Au gradeﬂ tvpreally < lg tonne.

Size - 2cm to 10cm wrdth (located throughout whole propcrty) o o
4 * Stratabound aueins - Lie ’with_in, but oblique to, bede. Produced by roration L,r beds by

' . s}tear,' Au grades - unknown, but unlikely to.-Acont_ain significant quantities of gold due 1o
variable 'hOSl and variable vein lengths: Size . 2cm to 1m v'v‘idth.‘ often less than 3m . .
_length : (sporadlc outcrop partrcularly notreeable in Core-vein area) ', &

5. ‘Fohatron veins - Parallel -or sub parallel to fohatron (schrstosrty) Au gradcs - variable
<lg. lonne - 30g/tonne but often merge—mto Bpé veins. Size - 2cm to 10cm width.
(Core-vein area and throughout property)

6. Quartz segregatrons - 1rregular quartz bodies, located patrcularly within mctaquart/wackes

L]

A /
para 0 S3 (occur throughout the property)  ° .

I3

7. "Bull white™ quartz veins - Often cut blue;grey quartz veins. Au grades - variable <lg

tonre to 30g/tonne (#11 zone only). Size - _vari;ble, #1] zone = approx. 100m’ quartr

in nose of Bullmoose syncline to“< 2cm in veinlets cross-cutting Core-veins.



t

f o oL 109

Origin of mincralizing fﬁl;ids. fluid transport mechanisms, and the precipitation of gold -

..

Origin-of fluids " | - e
Fluid inclusion studies shcgu that the quartz veins w'ere emplaced" at temperatures of
'approxrmately 280°C (o 430°C presentmg ‘evidence” for emplacement of quartz veins at

, srgmf icantly lower tempcratures than pcak metamorphic grade.

.

" O/H stabie rsotope studies and field relatrons show that it is probable that
mincralmng f lurds were derived by metamorphrc processes 11 is unlikety- that the fluids were’
‘REimary magmatrc in orrgm based upon the range of 5D and freld relauons (most

metascdiment - hosted gold quartz veins in the Southern Slave Strucr,ural Prgvmce are not

.

. directly related L0 any vrsrble magmatic sources) However a magmatrc/metamorphrc mrxture

~
[

« would be impossible (o drstmgursh isotopic4lly from an evolved metamcirphrc Tluid. It is

' possible that hcat mduced into the rock frém a granitic body of the Prosperous Lake suite was

responsible f or thermally drrvmg the f lurds towards the surf ace.
Transport of fluids. A\l S ' A

° It is therefore likely thal'the"flrr vere generated at temperatures above 500°C

~

(amphrbolrte grade) and to produce the quanLty of ghiartz seem at Bullmoose Lake ("1%:of
" the property) lhe f luids prqbably \ransborted by 'one-way' flurd flow towards the surface
(Yardley 1986) lt is possrbk@)arbon isotopes may help m tl:e mvestrgatron for the orrgm
of T lurd although the criteria used (see Burrows et al. 1986) for ‘recogmtron of drfferent

- Archean f luids by thrs method ate not well establrshed at the present time.

As fluids Tose through the rock prle towards thé surface they prcked up H* ons, S and- ,b

Au, and transported ‘them as br-sulphrde complexes. The large mcrease_rn permeability
dev [’pped in the metapelrtes and metagreywackes at the brrttle/ducule rheologrcal boundary
WO

AN

198W .“4 ) . “ ) . R . .» . * - v~. i . 2

In ouw{t:p silicified” banded rock "is occasionally seen adjacent and. parallel to quartz

vems in metap 1Les/metagreywackes It. is probable’that the mflux of hot fluids into- the

country rock caused the segregatron of mmerals m the country rock. Local silicification, Ca

P - ».‘, . i,

Id focus the ascendmg fluid into the fracture network from the surroundmg rocks (Brace “

3

o

A
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metasomatism (c.p. actinolite 'and ankerite) and chloritisation are the most noticeable
minerajogical changes around the vems,caused by this process. This is in tonttast to thc
findings of" Boyle (1961) where he documents a depletton R Quartz around veins, A depletion
of silica °would be expected by 'one-way' flurgi»'f'low. if at‘the tail of the hydrof racturé, Pl <

Pl causes some fluid to be drawn back int& the fracture to form a quartz vein. Thig style of

,

“fluid f low in a shear zone may. therefore may explain why:

1. the metarfﬁ't\ s/greywackes around Bpé quartz veins are banded and srhcrf ied and yet

contain relatively less silica than the country rock. : ) -

" 2. the Bbé quartz veis contain'wallrock fragments and graphite (alt(olugh it is likely that

h

some ‘graphite'\’ll already be present in the mmeralmng f lund)

Fluid composrtron an precrprtatron of gold

Fy °

The §**S of the sulphide mmerals deposited in association with gold show evidence for

-

.dxsequihbrium However the narrow range - of 6"S values and the predrctcd sluggrsh

, 6- 8, '&spectively

re: equrhbratron characteristics of py (‘Bachrnskr l977) enable some meanmgf ul mtcrprctauons,
of the values The 6"‘Spy results and the known oxygen f ugacrties of ‘mt-py-po wcrc plotied
om a pH/fO2 diagram_at the temperatures of entrapment for prrmary and secondary fluid

mclusrons. The O, and pH of the mineralizing fluid was therefore estrmated at -42 bars and

i

Temperature estimates of sulphide precrprtatron usmg A mineral parrs in amphibolrle

grade rocks were not consistant wrth fluid 1nclusron data However in greenshist grade rocks

at Dome Lake A sph- g from coexrstmg parrs acorrespond well with “fluid inclusion
temperatures for secondary mclusrons (170°C - 280°C and 140° - 300°C, respecuvely)

The clpse analpgy between Fe-richsand carbonaceous metapelites and the location of

n

\ore-bearrng Au-quartz veins is evidence for an association between tensile strcngth of the rock

and the precipitating mechanisms responsible for preripitatién of gold, The flufd was l“,ocussed _

_into the Core’ vem area and the process of sulphrdatron and reduction assocrated with a drop

L.

in temperature cauz d the precrprtatton of gold

. . - AN -~ ) N i . " 4§
. . . . .
\E ’ . ' a
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The gold ranges in size from 0.3 - 20 mrn and is generally found in two modes:

‘associated with po 2 and other sulphides in 'blebs', surrounded by silicates, commonly '

N

in late veinlets which commonly precipitate gn, sph and cpy in preference to

L] ~ ‘

Fe- sulphrdes

The temperatures at which primary flurds were: deposrted are between 280° and 440C

It is riot known whether the sulphide 'blebs- were deposrted at these temperatures, however by

reference to the 'solu‘bility of a reduced ‘F.e-Zn-Pb-Cu-S fluid, Fe-sulphides would be expected

1.
2.

to be deposrted at jhigher temperatures than base mietals (Hemrrch and Eadington, 1986). The

'wrde range of sulphide minerals precipitated with- the gold indicates the possrblrty of:

' asuccessro%f fluids with different compositions precipitating out different minerals. ..

o

- several fluids of generally the same composition, however different cooling" and

a

equilibratien rates of these fluids would tend to précipitate out a wide range of minerals |

A v

especially if precrpitauon mechanisms were efficient.

The latter is favoured because. at temperatures above 30(/ and at pressures. of between 2- 4kb '

the local flurd source (i.e. circulation within supracrustal rocks) would probably be fairly

“homogeneous.

’
P

The lack of extensive alteration zones indicates low water-tock ratios. The deposition
, & ' : . . .

of local ‘high-grade' ore (>30 g/tonne Au) indicates that the fluid-rock interaction must

o
- g

have been an efficient mechanism of gold precipitation. | ’ ’

S

The primary fluids have an estimated salinity of 3 wt% N‘aCl equiv (taking ‘evidence

of the presence of CO2 and CH. into consrderatron) The’ salmmes of pnmary flurds and

' 2

- temperatures ot entrapmerﬁ/are §imilar to other Archean tode-gold deposrts S(Qc‘ondary fluid¢

are more salme than prrmary flurds (approxrmately 8-10 wi% NaCl equiv., corrected f or CH.)

and were trapped at temperatures of about 140 300°C.

possrbrhty of o ‘
1.

The varratron in fluid composrtron of 'primary. and secon/dary mclusrons suggests the '
, ) ’

the evolutian of smgle metamorphrc ‘t’luld of constant composition which interacted with
* '
B , AN

) ?‘Lf«.
b
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&

'
-



» 1

: -
. R
. o

a Ca, Na and Cl rich source at lower temperatures.

-
v

, .
2." the evolution of sleveral metamorphlc flurds of srmrlar compos/ tion whrch coq{cd at

.-

dlf f erent rates and theref ore precrpltated /dlf ferent suites of mincrals, lmcracuon of these

fIUIdS wrth coolérl meteorrc/metamqrphrc flurds or rocks ol" sedimentary affi mmcs would

v

produce the observed prxmary "and secorldary fluid differences. ’

o .
.

« . - The last example is favoured, based ‘upon (1)6D vah;%s (2)walcr rock ratios,

(3)fiuid inclddion CO: vs, CH, and NaCl compositions (4)obscrvcd variation of sulphidc

assemblages and (5)theoretrcal fluid resel)vorr transporl and compositional characl(‘nmcs al

elevated temperatures in homo‘genous rock source regions. . T v (

Gold precrpuauon took place du’{mg both - 'main- phasc and 'la{c-phasc'

A~ mmerahzatron In thé main phase of mmerallzauon gold,i is prmczpa[ly,, but not cxclusrvely
¥ )assoc1ated with ‘Fe- sulphrdes ‘hotably pyrrhotite. In 'late phase mmcrahrauan gold is more

often assocrat\ed with_base metals.: The dommance of pyrrhotite over pyrrlc indicates, that

v

(\ ' flurds were more reduced than typrcal Archean lode gold deposn fluids. R

W?

Py

Al

Indlcators of hlgh-grade ore (>10 g/tonne Au over. 1m) :
. \ .. '
At the surface th(? occurrence of“*b‘lue grey quartz  weins -'(hoslcd ,b?

]
4

k3

metapelrtes/metagreywackes) was the best indicator of hrgher Au g‘rades

In the mine, strmgers whrch splay off the ‘main veins and ore- shoots located wrthm

the veins dipping 70°N were the most productxve Au producmg areas o_f the shear structure. It
" is not known why these locii carry more gold, excen it is possible that these locations are
) A ) . . o

- where most fluid-rock interaction Has occurred. ~ weartof galena in the quartz veins
S, . I8! 1 e

was .always an indicator of lrigh-gra ore. Thr . _.oaancy of gold grades between

" successive 'lifts' within the mine .are to be w.p ! in iicac types of deposits because

fluid-rock interaction is low and sporadic.

-
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Summa‘rj} of factors affecting the location of gold ore

" In summary, the mechanisms governing the location of = Au-quartz 'veins(, in

. metasediménts arc similar to those governing the location of gold in the Yellowknife-type and

N . .
the volcanic-hosted gold vein deposits in the Slave Province. In all of these examples,

hY ——

structural preparation of the host-rock and an efficien; method of gold precipitation, are the-

‘two most important factors to be aware of in the search for vein-type gdld deposits. At

. { .
Bullmoose Lake aurifcrous veins (wjth grades > 30 g/tonne) were hosted in a narrow zone ("

-130m width at Bullmoose Lake) of Sheared, silicified, metapelites and metagreywackes.

Aurif erous veins outside of the shcar-zéne (di‘splacemem shear veins) carry sporadic
‘valucs of gold (<3 g/tonne to 510.,g/t6nné over Im). These veins are hosted by a variety of
likhologics,’ therefore Au grades are 'e‘xpected to be sporadic due to the in_consistancyu of the
precipitating fnechanism. ' - | | | ”
N The #1_1 zone is. different from the two types of vein described abévé. This zone is
)basically a large mass.of. whftge quartz that accupies the xﬁms"e. and part of the west-limb hingf‘e

area, of an F1 fold.
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B. Model for the‘en\placcment and precipita(ion of Au in the Bullmoose Lake duriferous 1
' (”Co’ie;') veins ' v \ . |
1. Fluids were gencrated by mectamorphic prgoccsses at temperatures above S0°C and depths
©° of 10-20km. o |
4“' 2. A buried heat sourcdle.g. Prospe;rous L.ake granite suite Buckhanf®Lake pluton.at depth
. 777 drove the fluids towards the surface. Flufds moved by in‘lcrgranu'lar ‘one -way flow"
under duciile conditions. l | ! ] ) )

3.\The metamorphic fluids picked up Au, H* aﬁd S ions_{ro rhc su;\racr‘uSlal rocks. It is
probable that at temperatures below 350°C, Au was transponjed at low (O, andy ncar.
neutral pH as a uisulphide c0mprex such as HAu(HS’). .

4. Under brittle-ductile conditions, hydrofracturing was developed in the rocks with the least
tensrle strength (metapelites ‘and&ntgrturbrdlle horizons of melagrcvwackcs) As the fluids .
ascended into cooler rocks they *were therefore preferentially f ocussed mlo lhqsc arcas of

reduced pressure At Bullmoose Lake lhe hydrof racturing oc.curred at the suc of shearing,
. under cc_mdmons of Pf < Pl'_ _ g . -

1

f 5. Gold"precipitatio(occurred over steep temperature gradients, ‘at low water-rock ratios,

due to ona or more of the following: : ) ~
a. temperature reduction b “\
0,
b. sulprhrdatron due to the pre@uauon of Fc-sulphides , ) \
Y . ./ v

c. reduction of the flurds due to the m{eracuon with carbon (m the form oi graphnc)

~
) -

or iron oxldes/sulbhrdes in the wallrock.
6. Gold precrpuatron @urred w1th both Fe-rich, 'mai‘n-phase' mincralization and

"base-metai rich, 'late -phase’ mmerahzatron ' ’.

-

7. The rocks then appear to have remained largely unechanged until erosion and cxpos)rrc of
- -~ p . & r -

: : g “ . ’ . -
- ‘the deposit. - . R _ ¥
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Future wogk , , . / )

The importance of understanding the sructure of these deposits cannot be

overcmphasised. A betier understanding of the mechanisms of quartz vein emplacement dt

olhc} mct;z;Sedimcm hosted gold depbsits (such as the current one by T. Stokes) will help to

mor¢ cldscly define the relative timing of mineralization. The classification of the veins into -

b'cdding-par}allcl, fold axcs;' etc., does not contribute to the overall understanding of the

-~

r@alivc timing of Au-mineralization, because as is cvident from this study, several, different

L}

stfuctural environments and methods of precipitation are possible in one deposit.

Fluosgpatite was found in a few of the veins at Bullmoose Lake. This minergl could
.

be dated by U/Pb methods and an absolute date for the enfplacement of quartz veins may be

y -

- uscful to compare with the dates of granite emplacement. Ne method is currently available

-

v

which will conclusively show. whether the fluids are influenced by magmatic processés'”"bul a

date for. the fluorapatite may show if the: veins weré, emplaced prior 1o, during, after-granite
: _ : !

gr';l’placcmcnt.; : e

']

Geobarometry- of sphalerite '(Sc;ott. 1976) and arsenopyrite (Kretschmar and Scott,

LY

1976) may be useful in conjunction with standard Al,SiO; and other mineral geobarometers to
- et
reconstruct the pressures or prgssure gradients operative during mineralizition.
. . ' - R .
The possible influence of scheelite as an indicator of gold mineralization and its effect

on ‘orc-bc%ring &uids%as not been discussed in this thesis. The mineral is present in several

metasedim m-hosied gold deposits (Lord, 1951), including Bullmoose Lake.
. \ .

- LN

- -
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. prefefentially *occur within Thetapelites at the boundary between metapelites- and 5°

Early - po, py, aép

IXTAppendi)g | : ' :
3
A. l)éme Lake property
Locatlon 62" 45'N, 113" 150W
 TT claims - # 14 vein, #18 vem, Lambert vein, Massif trenches } :‘
TAT 1 - South vein |
TAT 2 - Pen and Pensive trenches L .

FREDI - Fred vein

L

The Dome Lake quartz veins are hosted in well exposed greenschist grade rocks. The
most significant veins (#14 #18, Lambert and Soutlf veins), trend N W -S.E (320 350°),

d1p 60 - 80" E and Cross-cut the (F1) bedding (fig. 23). The veins are located in metapehtk

and metagreywacke beds, however, it has been noted that the most continuous veins are

I

@ B . .
metagreywackes (#14 vein), or at the axial surf ace fold trace oufcrop of metapelite (Lam
vein). Veins hosted in metagreywackes and metaquartzwackes (#]8 vein, South vei

vein,. Penswe veins, Fred vem) are not very continuous and often completely pmch out a]o

strike. . . &
. ! P

Veins hosted by metapelites are blue-grey in colour (similar to the Bpé veins at .

L3

"+ " Bullmoose Lake), wlrere as veins hosted- in metagreywackes and metaquartzwackes are

tygically white or slightly tarnished by Fe-oxides.

Sulphide m‘ineralogy

The parf@énesis is similar to Bullmoose Lake:

Late - - gn, sph, asp, cpy

The most unusual mmeralogxcal aspect of this property was the abundance of gn, sph .

. and asp relative to Fe- sulphldes At one locahty (Eas} trench) the whole vem mineralogy

consisted of galena, quart@rcrte and gold (detected in assays). Native gold and electrum
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Figure 23. The geology of the Lambert and # 14 vein, Dome Lake, Slave Pro
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were lound in the Lambert and #14 vcins, The co-existance of (early) arsenopyrite and
- (late) galena was used as an indicator to [ inding gold.
_ Gold- grades |

Gold grades were highest in the metapelitic hosted veins (similar values to Bpé veins,
' . P-4 ' ) s
) { Bullmoose Lake) but the exploitation of the Au is not profitable at the present time, partly

‘\\ . “
due to the distance between the veins (Lambert and # 14 veins are 500m apart).

' . ) e

Comparison of Dome Lake to Bullmoose Lakc .
Many of 'the features seen at Dome Lake are srmrlar to those seen at Bulimoose Lake.
The range of vein types recorded f rom Bullmoose Lake. were also noticed at Dome Lake, but
| the most significant comparisons between- the two properties are the siting and composition of
the‘“ higher grade auriferous veins (>10 é/tonne Au) rel,ati~ve to lower grade veins (< 10
e , . .
g/tonne). o ) : , : - S
The #.14 vein (Dome Lake) is an excellent example of a blue-grev yein that is located
due to the rheologrcal varrauon of the host rocks The #l4 vein actually transects the'
boundary between into the metagreywackes in one area ‘gﬁlg 23) and in this short interval the
- gold values are srgmfrcantly lower relative to the Au values in the metapelrte -hosted arca on
either side (compllatron of assay results and maps Faulkner and Swatton, company reports
August 1986). This inf ormatron supports two of the f undamental conclusrons drawn from the
results of the Bullmoose Lake property, namely:
1. Metapelitic rocks are a more suitable rheological host to quartz veins
2... The precipitation of Au 1s mherently related to Wall rock composition.
In many ways the Dome . Lake property by way of its lower gradc and better
exposure, shows more clearly the mechanisms of Au emplacement concluded for Lhe ‘
Bullmoose Lake property However, by careful observation of the lower grade rocks and usmg

them as a guide for comparison to higher grades, interpretation of the Bullmoosc Lake rocks

was made a great deal easier. , , : . L v



