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Abstract , ) ' ) - -

In the Frederickson Lake area ‘(Central Labrador T{ough)

.

a -

Zn-Cu-Pb massive _sulphide lenses-and .associéted sulphide-

»

facies 1iron formation occur within black argillites (Menihek

a

Formation) adjacent to glomeroporphyritic sills (Montagnais
Group) that are mineralized with Cu-Ni sulphides. Previous
stu?ieél proposed a magmatic origin for both g@bbré"hosted Cu-
ﬁi and sediment-hosted Zn-Cu-Pb deposits. L

The sediment-hosted deposits have an avefage d 834 wvalue
of +9.2 ﬁer mil, and ;n avérage S/Se ratio of 30,000. Cu-Ni

sulphide lenses which occur within glomeroporphyritic gabbro -
1] . - A L
. “ . |
sills -adjacent to sulphide-enriched sediments have an average

d ' $34 value of +3.7 per mil, ~ have low magma/sulphide ratiod

» 1Y

(R=57 for Ni, R=53 for Cu) and a low average §S/Se ratio

(5,000). : ‘ » .( LY
- &

"me Cu-Ni deposits are interpreted to have formed by sﬁlphide
liquid immiscibility from glomeroporphyritic éabbro maémas.
The  contact metamorphism of stopedw dLlphide-facies i{on
formation xenéﬁiths by glomeropérphyritic sills ﬁay‘ have

vapourized and released sulphur, causing sulphide ~ liquid

N 2

immiscibility. The in-Cu-Pb deposits are interpreted to havg formed °
syngenetica]fy by the circulation of hydrothermal fluids driven by the
heat of the gabbrog. These deposits are probably members of a poor{y
" described class 6f sediment-hosted ‘Zn-Cu deposits (E.g. deposits of

‘the Swedish Caledonides and the American Ducktown région).

- Y
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Résumé
Dans la régzi;m du Iac Frederickson ,(Léartie cén‘gralé, Fosse du
Labrador) des su,lfures de Zn-Cu-Pb et des lits de formation de fer aux
facies sulfuré sont trouvés dans les argilites Inoires (Formation de
. Menihek) adjacent aux gabbros glaméroporphyriques nfinéralisées en sulfures
de Lu-Ni. Des travaux antérieur‘s suggérex;lt une origine nagxﬁatique pour
les sulfures de Cu-Ni qii sg trouvent dans les gabbros gloméroporphyriques

et les‘ sulfures de Zn—Cu-Pb qui se trouvent au sédi}rents:
les gisements de Zn-Cu-‘Pb dans les sédiments ont une valeur moyen de
d S34 de +9 2 per mil et un rapport moyen S/Se de 30,000. Les sulfures

Sy

Cu—N:L aux gabbros gloméroporphyriques qu1 se trouvent prs des sédiments
riche en soufr;, ont- une valeur moyenne de d 534 de +3.7 permil, ont des
rapport magma/sulfures bas (R=57 pour Ni, R=53 pour Cu), et ont’ des,
~ rapports bas de S/Se (5,000).: .

Les gisements dé Cu-Ni sont interprétés de comme ayant été ’produits

par', la sedredation d’un liquide sulfureux d’un magma de gabbro
gicinéroborphyrique. L’ incorporation de x€nolites de la formation de fer
au faciés sulfuré et la conversion métamorphique subséquente de.la pyrite‘
en pyfrhptite auraient liberés le soufre dans le magma. Ces excés de
soufre Hpohrraient avolir provoqué 1 “immiscibilité'du liquide sulfureux, et

- expliquerait les valeurs -\p'ositivesr de d S34. Les gisements Zn-Cu-Pb sonF

interprétés caume représentant des gisements sédimentaires formes par +la

’

circulation de solutions hydrothermales mise.en circulation en reponse a*

des fluxs thermiques cause ‘par 1 intrusion des gabbros. Ces gisenents
sont__probablement membres d ‘un classe de gisements sédimentaires de Zn-Cu

[ i -\ . . \ .
qul ne sont pas bien connues (e.g. les gisements de Caledoindes Sueédoise

/

c , et Les Applaches Americain) /
. . ) o
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®
CHAPTER' 1. INTROPUCTION o2

"1.1 Scope and Purpose ’ ' o

-~ 2

Although first exploited for'its iron oré deposits, thef

-

Labrador Trough also contains sub-econoriic, base metal sulphide

deposits, a number of which  have attracted exploration work

A - ”

since the early 1940s (Fig. 1, Table 1). An 1initial regional

study-divided these sulphide showings into six ciagses (Table

‘

2; Fournier, 1983). The present study concerns two of these
- < .x

classes, glomeroporphyritic _gabbro-hosted Cu-Ni deposits and
sedimeﬁt—hosted Zn-Cu—-Pb deposits. In the Frederickson Lake

{ i & N ,
area, there appears to:'be a spatial t(relationship between

glomeropérphyritic gabbros of the Montagnais Group and Zn-Cu-

Pb mineralization within black argillites of the Menihek

Q

Formation. ., This apparent spatial relationship has led to the
spegulat;on that all sulppide mineralization within the region
is ééneticaliy related to the glomeropcrphyritic gabbro sills
(e.gT , GE}ffis, 1943; Fournier, 198}). While the
giomeroporphyritic gapbro-hosted qCu—Ni - deposits are
undoubtedly a magmatic product of the gébbros, gj genetic
relationship between sediment-hosted Zn-Cu-Pb deposits and
g}omeroporphyrlticn gabbros 1s less clear. Models whléh

J

attempt to relate the Zn-Cu-Pb mineralization to the gabbros

(e.g. Fournrer, 1983) are somewhaﬁ controversial because they-

3

rely upon the magmatic segregation of zinc and legd, two
elemehts that arecnormallx only found in trace | amounts in
depogits formed by sulphide liquid immiscibilaty from ma{ic
melts (e.g.o Shimgzaki A and _ MacLean, _1976). The

glomeroporphyritic gabbro-hosted " Cu-Ni deposits are

»

N
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Table 1

Grades and ~tonnages of selected sulphide'deposits of the
Labrador Trough in Quebec.

Numbers refér to Figure 1.

Lavergne (1985)

ce -

Map Deposit Deposit Cu% Ni% Zn% Reserves
# ‘ Type (tonnes)
1 Hopes Advance-1 Gab Cu-Ni 0.59 0.22 2 000 999
2 Soucy C Gab Cu-Ni 0.72 0.22 129 700
Soucy A Sed Zn-Cu 1.49 1.80 5 444 000
3 St Pierre Sed Zn-Cu 1.34 1.87
4 Prudhonime~l1 Sed Zn-Cu 2.04 2.66 4 303 700
5  Partington Sed Po-Py S
6 Erickson-1 Gab Cu-Ni 1.12 0.32 519 700
7  Connolly Gab Cu-Ni
8 Koke Sed Zn-Cu 0.70 6.86 1 060 400
9 Aulneau Lake Per Cu~Ni 2.02 0.45 1 088 000
10  Chance Lake Per Cu-Ni 0.66 0.89 649 400
11 Blue Lake Per Cu-Ni 0.85 0.50 506 400
12 Retty Lake Per Cu-Ni 1.50 0.67 1 360 500
13 Walsh Lake Gab Cu~-Ni
14 Frederickson S. Gab Cu-Ni
Frederickson N. Sed Zn-Cu 0.77 4.38 279 400
15°  Jimmick Lake Sed Zn-Cu 0.26 5.20 108 800
Per = peridotite-hosted
Gab = glomeroporphyritic gabbro-hosted
‘Sed = sediment-hosted \
Sources: Avramtchev and ILeBel-Drolet (1979)



Table 2

Classification of the sulphlde mlnerallzatlon types of the

Labrador Trough (after Fournier, 1983)

-
Type )
———————— """‘"“"““"""‘""“""""‘"""""‘““""“““"“’";’T"‘"“" ‘
1 peridotite hosted Cu-Ni deposits
2 glomeroporphyritigc gabbro-hosted Cu-Ni’~ dep051ts
3 sediment- hostggw5§—Cu deposits -
4 iron sulphldes thin black argillites . o
5 copper in late-to post-tectonic quartz-carbonate veins
6 +~———chalcopyrite in pillowed basalt chill margins

———— o S B S R S T e e WA= P G T G S S e G S S S G G TEN GER RIS S G WA e G W R R S wme SEy M GEe M 4 e S D W G
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’

. resistant gabbro sills comprise the® ridges (Fig.4) whereas

N > \/
. . .

e

distinctive, as the -Cu-Ni sulphides are associated with
concentrations of plagiocdlase rather than with olivine and

pyroxene-bearing cumulates (e.g. Duluth Compiexﬂi 4 This study

I

.examines the metallogeny of the Frederickson Lake region by

focusing on the following three problems: - 2

-

1. Were the sediment-hosted Zn-Cu-Pb deposits formed through

¥4

AN
synsedimentary or synvgdcanic processes, or are they related

to gloméfbporphyfitic gébbros as suggested by Fournier (1983)7?
2. Is there a relationship between the occurrence of Cu-Ni
su}phides and the glomeroporphyritic texture of  these
gabbros? k . ’ ;

2

3. Does the spatial overlap of glomeroporphyritic g?bbro—
hosted Cu-Ni deposits and sulphide~rich sediments imply their
formation by the incorporation of sedimentary sulphur?

t

1.2 Location
<
The Frederickson Lake study area -is located 50 km

northeast of Schefferville, Quebec, and covers some 80 square’

kilometres (latitude 54°48’ to 55°07, longitude 66°17 to 66°07)

(Fig. _2).' Topographically, the area consists of a series of

'paraflel ridges and valleys, which trend northwest along the

regional strike of the Labrador Trough (Fig. 3). Erosionally

‘°argi11ite underlies the valleg floors (Fig. 5). Good exposure

is limited ,to the tops of gabbro ridges; ridge slopes and
valley floors are covered by glacial sediments. -

3

[
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Fig. 4 Aerial
Walsh, Lake Fault
prominant linear
to the left is
Formation.

¢ -

photograph taken towards the northwest. The
is marked by the lake at right of photo.. The
ridge is composed of ordinary gabbro; valley
floored by sedimentary rocks of the Menihek

Fig. 5 View looking northwest near the Frederickson Lake

South showing.
Formation. The

The swamp overlies sediments of the Menihek
photo is illustrative of the extreme paucity _.

of sediment outcrop in the study area.
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1.3 Iﬂ%estigative Methods

-

The author studied the map area outlined in Figure 2

during the summer of 1985. Geological information dh{ the

~

sulphide occurrences was difficult to obtain because of the

b

paucity ' o¥ outcrop i&d the destruction of prima;y

stratigraphic relationships by the intrusion-of massdive gabbro

- S
sills (Fgg. 3y. Thus, for the sediment-hosted deposits the

original. deposit geometry, 'metal zonation, and alteration

14

patterns could not be established. pDrill core for the‘_

Frederickson Lake showings' had ﬁot been kept by the original

v

exploration companies, although drill logs ‘are available.

As- a result, emphasis 1in this study was placed on/
examining the regionél mafic intrusives to determing if these
played a «role in the mineralization now present within the
sediments., Sampling' traverses were carried out across the'

strike of gabbro and glomeroporphyritic gabbro sills, and

gabbro-sediment contacts were examined. The objective was ~to

detect !%y systematic change in the distribution of elements

both along and across the strike of the gabbro sills.
Regional sampling of different igneous and volcanic units was
also carried out in order to evaluate the magmatic evolution,

of this section of the Labrador Trough.

Most of the samples which were chemically anafyzed were
t i

~also cut for thin or polished sections. Chemical analyses

s

(Appendix 1) were performed at Le Centre de Recherches
Minérales (CRM) in Québec City by XRF or ICP. Analytical
teéhﬂiques, precisjon and uncertainties are outlined in

Y

Appendix 2. Ten samples were re-analyzed by neutron

L)
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activation at 1" Université de Montrédal to check data

‘:' reproducibility, and to provide more  accurate rare é&arth

element data. Analyses performed by the CRM were generally

i

acéurate ,except for trace elemeqts which were close to their

‘ lower .limit of detection. Sulphur <isotopic analyses were

“perférﬁed upon pyrrhotites separated from samples by hand

picking. %he pygrhotite ‘separatés were analyéed at 1°

Université wélu Québec & Montréal, and at the University of

Ottawa. Sulphur isotopic values are given relative to fhe

1;,Canon Diablo meteorite séandard and have an analytical

uricertainty of +/- 0.2 per mil. In addition, bulk rock

sulphur was extracted from a gabbro sampie by the Kiba agent

* * (Sasaki et al. 1979), and was analygéd at the Univifsity of
Ottawa. This sample had an uncertainty of +/- 0.5 per mil.

An important element of this study wat the comparison of

+ 'thé showings within the Frederickson Lake map area to similar

sho&ings within the Northern Labrador Trough. Reference is

therefore made to the work carried out by the author in

) ’conjunction with R. Wares of McGill UniYefsity during the

summer of 1986 in the area west of Kuujjuaq (showings 2, 3, 4,

and 8 on Fig. 1). ( ; .

- ¢

1.4 Previous Wgrk and Metallégénic Interpretations
} Important regional studies can bé found ih the works of
Sauvé and Bergeroﬁ (1965), Baragar (1967), Frarey  (1967),
Dimroth (1970, 1972, -1978), Dimroth et al., (x972, 1978%,
£

Harrison et al., {1972), Dimroth and Dressle

( v " and Bailey (1981/),_,{n& LeGallais and Lavoie (1982).° The

(1978), wWardle

.
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first . recorded geologicgl investigatiéné of the Labrador .
Troﬁgh were undertaken in th% 1890s by A. P, Low of the
Geological Survey of Canada (Low, 1898{. . At that time the
presence of iron formation was noted, althbugh the first

commercial discoveries were not made until the late 1920s.
. ! ‘
Regional base metal exploration of the Central Labrador

Trough 1in the 1940s by the Hollinger North Shore Exploration
Company (HNS) led to the division ef the Trough-‘ into twd
separate base metal zones bounéing the Walsh Lake Fault
(Griffis, 1945; Fig. "3y, . The area of the‘ present study
belongs to the westerh zone, which contains glomeroporphy;itic

’

gabbro-hosted Cﬁ-gi deposits (Fournier s metallogenic type 2)
and sediment-hosted Zn-Cu-Pb ané Po-Py deposits: (metallogenic
types 3 and 4). ‘BEast of the fault, in the eastefn base® metal
zone, Cu-Ni sulphides are associated w;th ultramafic sills -
(metallogenic type 1).‘

D{illing in the Frederickson Lake region by HNS in 1943-
44 revealed several deposits of relatively high grade but low

»

tonnage. Re-examination of these showings in 1949 and in
1956 failed to find extensions to the mineralized zones (Hogyg,
1957). Interest has recently been renewed  in the _eastern

\ N
bace metal sulphide zone as a result of the discové%y of

platinum group element (PGE) mineralization within ~ the

‘ GEEfamafic-hosted Cu-Ni deposits at Retty Lake (Clark, 1987).

Since their-discovery, gabbro-hosted Cu-Ni deposits of
5 ‘

_the Frederickson Lake area have been considered as magmatic

. products from a gabbroic sour (e.g. Baragar, 1967; Fourniex,

1983). However, the Zn-~Cu-Pb howings, which occur within

I

11



sedimentary rocks or along gabbro-sedimentary conﬁacts, have
been attributed to both magmatic and synsediméntary procééseg;
Initial reports emphasized:the localization of these sulphide
deposits to the contacts between gabbros and s;diments
(Griffis, i943), As 5\fesu1t, early workers believed that
thesé' déposits were the result of _the replaceﬁent " of
séﬁimentary rocks by fluids that. were expelled from intruding

glomeroporphyritic gabbro sills (Griffis, 1943; 1945). Latér

studies discounted a_ direct relationship between

A .

glomeroporphyritic gabbros and Zn-Cu-PS mineralization, but
inferred that such’ deposits were f;rméd by replacement ’at
structurally favourable .sites (Auger, 1950; Kirkland, 1950).
Frarey (1967) observed that iron sulphide mineralization
" within sedimentary rocks (sulphide—facies iron formation) was
more common in afeas of extensi?e’gabbroic intrusions than ir

»

axeas where gabbro si;ls were absent. For this reason, he
attributed all of the sﬁlphide \mineralizatiqn within tﬁe
region to the emplacement of basic igneous rocks. Fournier
(1983) concluded that there was a ’re{ationsﬂip between a
phenécryst-poor facies of glomeroporphyrgt;c gabbro and Zn-
Cﬁ-Pb mineralization localized at gabbro-sediment contacts.

/

He - proposed that fractional crystallization within gabbroic

)

magma chambers could give rise to both =Ni-rich and Zn-Cu~
Pb-rich immiscible sulphide liquids.' 45: tapping of :these
liquids by higher crﬁstal chambers would .allow these two
sep%rate g}pes of ldquids to rise to higher levels in the
- crust, and ultimately to form Cu-Ni and 2Zn-Cu-Pb deposits.

-
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Fournier postulated that a phenocryst-poor glomeroporphyritic

magma would be able to transportJé larger volume of sulphide~

\

rich liquid because of its lower suspended load of
, ’

.phenocrysts,i and suggested that the latter lijuid would tend

to be . trapped in structural sites ‘such as .gabbro-sediment

-

contacts.

A syngenetic origin "has also been suggested _for the
sediment-hosted depos;ts:' Kavanagh (1953) proposed that
iron sulphidé mineralization . within sedimentary, rocks. was

syngenetic because of "its widespread distribution and the

Y

~ Ty 13 . » 13 N -
continuous lateral extent of individual sulphide-rich beds.

~However, he attributed the Zn:Cujﬁb sulphide- migeralization
to hydrothermal solutions originatigg from a gabbroic magma.
Hogg (1957) supported Kavanagh s model but ’further proposed
. .
that remobilization was f;sponsible for'concentrating . Zn-Cu-
Pb sulphides in structural sites. -In cont;ast;.Baragar (1967)
pointed out that'the apparent.spatial relationship between
gabbfo sills., and iron—sﬁlphide mineralization within
sedimentary /units. did not necessarily iﬁply a genetigqg

= - @

relationship, and proposed that the | iron- ulphide

Fl ~ °

mineralization could have been’produced by seafloor volcanism
* )

prior the intrusion of the sills.
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CHAPTER 2 GEOLOGICAL SETTING: CENTRAL LABRADOR TROUGH

\

The Labrador Trough (Churchill Province) is the erosional

o

remnant of an Aphebian volcano-sedimentary belt which was

Freviously referred to, as the Labrador'geosyncline .(Harrison,

et .al.,” 1972). The Trough extends‘/960 km in a NNW~SSE

ection from the western shores of Ungava Bay in northern

Quebec Pw the Grenville Front. * It attains a maximum width of

' S . i « 4
130 km between the Ashuanipi Metamorphic Complex of the

Superior Crato to  the west, and the Eastern Basement

Metamorphic Complex of the Churchill Province to the —east

“~

(Fig. ). Geographically, the Trough has been divided into

three segments: the Northern Trough north of 57°N,‘?he Central- -

Trough between 570N and the Grenville Front, and the Southern ~

L]

Trough south of the Grenville Front (Dimroth, 1978; Fig. 1l).

L h ~ ' .
* . The age of the Trough is bracketed by K~-Ar dates at 72150 Ma-

for the granitoid Superior basement , and 1750 Ma

corresponding to the Hudsonian Orogeny (Fryer, 1972).

2.1 Tectonic Setting

The precise tectonic setting of thé Labrador Trough
remains a matter of speculation because the geologic- histor}
of the cqmplexeiy deformed rocks of the eastern hinterland has

yet to be established. Early tectonic models (Dimroth, 1972;

... 198l; Dimroth and Dressler, '1978) proposed that the Labrador

Trough formed in a rifted, ensialic basin floored by

contimental crust.® Current modeis (Wardle and Bailey, 1981;
LaVoie and LeGallais, 1982) propose that the Labrador Trough

represents ,the  erosional remnant of a rifted passive

~
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structural

‘'structures

.northeast) and plunge towards the southwest -(op.  cit).

[

-
continental margin. .

-

2.2 Structure 4nd Metamorplitism N

The Labrador Troughé%as " affected by %the Hudsonian
directed westward

Orogeny, during which deformation .was
-

& » - .
(Dimroth and Dressler, 1978).  Three separate \periods of ~

regional folding, have been recognized in the Northern Trough

(Goulet et al., 1987), and at. leabt two periods are present

3

within the Centrsal Trough. The Central Trough can be divided
-. ;

into several tectonic domains, within each’' of which

style appears to havé'been controlled --by the

caompetency 9f° bedrock lithologies (Frarey, 1967). “In the
West:Central\ Trough, igneous intrusions are lacking and the

«

rocks are tightly folded and -overturned 6 the - soufhwest, s -

formin%” imbricate thrust sheets. Towards the east, thick

-

gabbroic sills appear to have increased the - lithogic

13 -

o -
competency.so that the rocks have Qfen folded into large, open

which are upright (or slightly inclined to the

« -

The

Labrador Trough-- itself plunges towards the south so that

are recorded in the
A

Basin ‘growth faults,-which were active in controlling
L

deeper stratigraphic levels

Trough.

sedimentgtion during rifting of the Trough, are beliébeﬁl to

have* been re-activated as thrust faults during deformation

(Dimroth, 1972). Coincident with increasing amounts of
% - N
deformation towards the east is an accompanying rise in

metamorphic grade, from sub-greenschist facies in the west to

amphibolite facies in the east (Dimroth and Dressler, 1978).

15
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The Frederickson Lake area occurs within the sub-greenschist
factes zone, although greenschist facies assemblages are
locally present, having been produced by 1late deuteric
alteration of. the Montagnais gabbros (Baragar, 1967). For

the purposes qgf this thesis the prefix 'meta' has generally been

excluded from rock names.

-

2.3 Stratigraphy .
The rocks df the Central Labrador Trough belong to the
Kaniapiskau Supergroup (Frarey and Duffell, 1964), which is

divided into the Knob Lake, Doublet and Laporte Groups. The

-~

Knob Lake Group 1is restricted to the western half of the

Trough and 15 composed of five subgroups (Table 3; Daimroth,
1978). The lowermost Seward Subgroup consists mainly of

fluviatile and shallow marine ‘clastic sediments and minor

L)

alkaline volcanics) and appears to reszf early rifting of the
Trough. . The Plstoiet and Swampy Bay Subgroups tggethei
represent de9251tiop in local, restricted sub-basins of the
North-Central Trouéh, but are absent in the Frederickson Lake
region (Fig." 6). 'A major marine transgression is recorded in
the” Attikamagen Subgroup, with shelf carbonates and shallow
maring shales overlain by deeper water turbidites. These
first four subgroups constitute the first sedimentary cycle of

~

the Trough (Cycle I). In the overlying Ferriman Subgroup, a

second marine transgression (Cyéle I1) is recorded, with
. /\ t

WA ) “ . , .
sedlmehtgtlon proceeding again from shelf\ cyrbonates - and

shales to deeper water turbidites (Wardle and illey, 1981)%.

-
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Table 3

o

Stratigraphy of the Labrador Trough at 55 North. Formations
" of direct relevance to this study are shown }n bold type.
(after Dimroth, 1978)
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© Swampy Bay absent at 550y
Pistolet absent at'SSON
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Fig. 6.

- .North-Central 'and h:

immediately west
| . Bailey, 1981).

-Summary and stratigraphic development of . the -a:
South-Central Labrador
Frederickson Lake area is located in the South-=Central Trough

of the Walsh bake Fault

Trough. » The

(From - Wardle  and
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The Doublet Group (or Doublet/Hellancourt) is confined
to the eastern half of the of Trough and is composed
dominantly of mafic volcanic rocks. This Group appears to
have formed during a phase of rapid crustal rifting and
inéipiegt ocean basin development (Wardle. -and Bailey, 1981){

) Th:a&ﬂ Laporte Group (Harrison, 1952) outcrops in the
extreme eastern margins p%xkhe Labrador Trough. Within the
Central Trough, this Group consists f metamorphosed
amphibolitic and semi-pelitic gneisses which are separated
from the Doublet Group by a thrust fault. Initially the
Laporte Group was not recognized as belonging to the Labrador
. Trough but it 1is now generally included in the Trough
stratigraphy. -

The Montagnais Group cgnsists of intrusive rocks (the
Wakuach Gabbro and the Retty Peridgtite)A which' invade the
Kaniapiskau Supergrodp. The Montaénais Group is present
only in the eastern half of the Knob ‘Lake Group, whereas

ultramafic sills occur dominantly in the Doublet Group. The

Montagnais intrusives have been shown to be co-magmatic with

the extrusive volcanic rocks of the Doublet group (Baragar, -

1967; Fournier, 1983).
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CHAPTER 3 LOCAL GEOLOGY

' The Frederickson Lake study area encloses\'approximately
80 ' square kilometers of sediments of "the Menihek Formaiion,
and abundant gabbro sills of thé Montagnais Group (Fig. 2;.
Map 1). These rocks constitute the subject of‘the present
study , and will be describ;d in detail. The geology of the
Dou£let Group adjoining the study ;rea east of the.WéLsh Lake

Fault will only be summarized. ) ,

3.1 Menihek Formation ' B - , -
The Menihek Formatioﬂ is the uppermost unit with%n the
Knob Lake Group (Fraref-and Duffell, 1964). In the Western
- Trough, éhis formation unconformably overlies the Sokoman

Formation and 1is composed of grey, rhythmically banded

[4

siltstone and shale. Towards the east, the Menihek Formation
k 3

is in conformable contact with the Sokoman Formation and -is

-~ 1

composed of black shale, siltstone and greywacke (Wardle anﬁxf

Bailey, 1981). Extreme eastern exposures of these fine-

grained ‘sediments are marked by intercalated basaltic flows

W \ .
= (Baragar, 1967). In the South~Central Trough, the Doublet
Group has been thrust upon”the Menihek Formation, with the

contact marked by the Walsh Lake Fault (Fig. 5). Towards the

no%thwest this fault dies out, and the Menihék"Formation
ljfinterfingers with the Murdoch Formation (Baragar, 1967).
Regional mapping in the Central Trough indicates that the
former ;ormétiqn tﬁiékens from 1000 m in the west to 1500 m'in
the east (Wardle andfbailey, 198il. The Menihek Formation is

‘g commonly correlated with the Upper Baby Formation of the

20




- Northern Trough and an unnamed seqﬂence of ichists and”
gneisses- in the.Southern Trough. Fournier (1983) correlated
'the‘Menihek Formation with the Doublet Group across the Walsh
Lake Fault. -

In the ‘study areé, the Mgnihek Formation - is poorly
exposed, ’ occurring as thin baﬁdé of sediment enclosed
between thick gﬁbbro\sills.\These séﬁimentary bands appear to
be laterally continuous, aithough rarely lenses of sediment
are eficlosed by gabbro. Most gabbro sills in the region dip
tgwards the east. * As a result, sedimentary bands are
preferentially preserved on the eastern éides of valleys where
they have been protected from erosion by a hanging wall of
gabbro. Cherty or silicified ' sediments, thch are more

resistent to erosion, outcrop as low rounded mounds on

valley floors. .

Massive, = dense, black argillite is the dominant
lithology exposed within the map area. Locally, slightly
graphitic or siliceous varieties are present. In thin
section, the argillites consist of a semi-opaque mass _ of
clay-sizéd minerals and dissgminated fine-grained 1r§%2
sulphides 0.0limm in length. With increasing -iron sulphide
content, these grade into sulphide-facies iron formation
(Fig. 7). Finely interlaminated mudstone~siltstone and
sulphide-rich layers are present on scales ranging from tenths
of millimetres to centimetres (Fig. 8)¢ Where grading is
presert within the siltstone-mudstone laygrs, sulpﬁides are
usually confined to the finest-grained~fractiont The fine-
scale integiamination of sulphide and mudstone bands suggests

-
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Fig. 7 Hand specimen of s hide-facies 4ron formation
illustrating the fine interlamination of iron sulphides (light
layers) and clay-sized silicate minerals (dark layers).

Fig. 8 Microphotograph of sulphide-facies iron formation.
The banding is caused by the lamination of pyrrhetite (light
mineral) . and clay-sized silicate minerals (dark minerals).
Note the slight intergrowth of sulphides and silicates.
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that the sulphides are an original syngenetic component of

)

these sediments. ’ 5

ﬁﬁyéhmically laminated sandstone-siltstone outcrop at a
variety of’ loé;tions “in the study area (Fig. 9). | The
sandstone layers (Fig. 10% are composed of quartz and minor
feldspar, , both with commonly sutured grain boundaries, and a
finer-grained quartz-feldspar—-sericite matrix. The siltstone
layers resemble the matrix o%cphe séndstones but contain
secondary chlorite and stilpnomelane. ,The presence of tuff

layers interbedded with the siltstones suggests that some of

the material in the siltstones may also have been in part

Pl
-

volcanogenic.

Light-weathering quartzites gccur as beds up to 20 cm '

thick, usually interbedded with sandstone-siltstone. Framework
grains of rounded to subrounded quartz (2VMm) comprise 95% of

this 1lithology; the mLtrix consists of smaller quaitz grains

i
]

and sericite. Some quartzites near gabbro sill contacts show

!

slight re~-crystallization of grain boundaries and possible
-

retrograde- replagement of contact metamorphic minerals.
s . -*

A breccia consisting of cherty argillite £fragments
within a pyrrﬁotite ﬁatrix occurs at the Fredérickson Lake
North showing. Similar pyrrhotitic breccias have ' been
reported ‘aﬁ this and “other sediment—hostéd deposits by
Fournier (1983). A éonglomerate composed of possible volcanic
fragments was also reported in the drill core from this
showing, and ‘sevefgl metres of conqlomerate occur 4 km north
of tﬂé map area along the ?Syreliﬁe of ﬁlais Lake (Griffis,

1945). The Blais Lake conglomerate occurs along strike from

/
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Fig. 9 Interlaminated siltstone (dark layers) and fine-
grained sandstone (light layers). Squares on scale bar are
one centimetre in length. !

Fig. 10 Microphotograph of ‘fine=- grained sandstone. Note the
slight suturing of the quartz graln boundaries and twinned
plagioclase grains. ~

y .
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the Frederickson Lake breccia although it could . not be

o i determi;led this unit is laterally continuous.

Fin?;grained, massive lavag occur at intervals within
the upper -stratigraphic levels of the Menihek Formation.
These 1lavas, which résemble fine-grained gabbros, can be
recognized lby their 2-cm-thick weathering rind, which is
generally composed of an oxidized orange-red outer layer and
an inner grey layer. bBy contfast, the fine-grained gabbros
possess a 2 ﬁm-thick, weathering rind., Although oﬁly massive
flows were notel in the Frederickson Lake area, poorly
preserved pillow selvages are repofted in the viéinity of

Walsh Lake (Baragar, . 1967). .

. ‘ Near the Connolly Lake showing, several 10 cm—fhick beds
of buff-weathering, dark green tuff are interbedded with
fine-grained sandstones and siltstones. The tuffs have a
flattenea appéarance which may reflect flattening of fiamme-

- like clasts 3 mm long. Chemical analysis indicates that this

tuff is of intermediaté€ composition (Table 4).

3.2 Murdoch Formation
The Murdoch Formation occurs in both the Northern and,
. Central Trough and has an estimateé thickness wof 2000 m
(Baragar, ~1967). At Frederickson Lake, it unconformably
overlies the Menihek ?ormation'along the Walsh Lake Fauit.
. For the most part the ,Murdoch Formation is composed
chlorite~rich schists of possible tuffaceous origin, and rare
thin seQimentary horizons and volcanié flows. The schists are
‘E’ . composed<'of chlorite, - albite, actinolite, epiﬁote and

»
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‘Table 4 .’

Y

A o N ]
Composition of sedimentary rocks of the Menihek:Formation

____________________ e e e e
1 o2 .
argillite sandstone=- tuff
siltstone
S S VRO e e e e e e e
Si02 41.6 67.3 59,9
Al202° 6.7 ‘ ©14.7 12.0
Fe203 37.6 " 8.3 15.6
MgO 3.06 : 2.00 3.32
Ca0 0.63 . 0.15 0.07
Na20 ) 1.26 1.16 0.30
K20 0.83 3.69 2.68
Ti02 0.59 0.38 0.38
MnO 0.12, ' 0.05 0.32
P205 ¢.11 - ) 0.05 0.03
LOI 7.57 , 2.87_ 4.45
99.05

TOTALS: 100.07 100.65

. S M Roe G B an T Gy S S - Sl M e S S S R e G Swt e TR WD A M G e B e T Gm A G EE e S e e

average of three samples
average of two samples
one sample ’

W N =

¢

il ag Mila's A
S T
- o
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magnetite. The volcanic flows are compositionally similar but

en o

appear to contain 1less albite:. This formation is of
gréensch;st facies metamogphic grade andoexhibits complete re-
q%ystallization. This contfasts with the lower grade 6f
metamorphism that characterizes the Menihe&/?ormation on the
west side of the Walsh Lake fault. Fournier 019833
correlated the Murdoch Formation with the minor mafic
pyroclastic tuffs described from the Menihek Formation

KBaraéar, 1967). -

3.3'Th6mpson Lake Formation

-

The ghompson Lake Formation consiéts of 700 m of
‘ ‘ ¢
sediments overlying the Murdoch Formation. The «ontact is not

exposed east of the Frederickson Lake area, although regional

‘mapping to the northwest indicates' conformable contacts

(Baragar, 1967). East of Frederickson Lake, where the eéntire

]
Thompson Lake Formation is exposed, it exhibits a fining-

upwards cycle composed of Dbasal greywacke, intermediate
rhythmically layered siltstone-sandstone and an upper unit of
black shale (Fournier, 1983). Fournier (1983) suggested that

this  Tormation 1is a  deeper. water equivalent of the

;
!

sedimentary component of the Menihek Formation. ]

J 1

i

3.4 Willbob Formation

East of Frederickson Laké);he Willbob Formation overlies
the Thompson Lake Formation. The bulk of this_formaJZon, which
is 1;500 m thick, consists of massive and pillowe volcanics,
and minor interflow siltstone and shales. Fournier (1983)

N . i
correlated this formation with volcanic rocks that occur in

/
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the upper stratigraphic levels of the Menihek Formation. On a

!ﬁ?} I

regional “scale this formation is commonly correlated with the

-~

Hellancourt volcanics of the Northern Labrador TroqgQ. The

informal name Doublet-Hellancourt is often applied to the

aominanﬁly ‘volcanic rocks that occur above the cycle II
seaiments. oBaragar (1967) reported that three horizons of
. glomeroporphyritic basalt occur within the Willbob Formagion,
: . alfhough tectonic repetition by faulting 5nd~jgiding could be

réspon51b1e for the multiple occurrences..

A

3.5 Montagnais Group
s Gébbrgic sills of the Wakuach Gabbro invade both the Knob

Lake and Doublet Group. Sills presentiwithin the Doublet

éfoup have beeﬁ'referred4to as metagabbro (Baragar, 1967;
b ‘ Fournier, 1983) ; They are identical to the sills in the Knob
Lake Group' except for their higher metamorphic grade.
Amphibolite bodies wi&hin'the Laporte Group to th;\gést ' may
‘ . also représent metamorphi'c equivallents of the Wakuach Gabbro.
Fournier (1983) reported that ultramafic sills were much less
common in theé Northern Trou;h than in the Central Trough,
although this feature could reflect different levels of
’ E erosion in these two areas. Within the Frederickson Lake
region, several varieties of /magic sills behmging to the
Montagnais Group are prekeﬁf?“\\ééﬁding of the gabbro-sediment
sequence south of Jimmick lake indicate that the sills were,
injected prior to ;egional deformation. N

. i
, . ‘
Q .




3.5.1 Ordinary Gabbro Sills (Fig. 11)
The term "ordinary gabbro" was proposed by Baragar (1960)

to descgibe all .non-glomeroporphyritic sills and is retained

in this thesis. Ordinary gabbro sills comprise at lkeast 85%
3
of the map area.: Individual sills can be ;raced for up to 6

km, and for up to 30e£m in other areas of the Trough
(Bargg;r, 1967). MostQ sills ﬁaintain a conéﬁant thickﬂess
alohg strike’, although several sills appear to pinch out.
Typical sills are 400 to 600 meters thick and Hisplay a
vertical 2zonation cqmmonly‘atﬁ}ibuted to .in situ magmatic
differentiation (e.q. Baragar, 1967). ?hinner hqrdinary'
gabbro sills are vertically unzoned. ‘ . .

The lowermost portions of the differentiated gabbro sills

+

(Fig. 11) are usually composed of two rock typeé@ a finer-
s —
grained chilled margin and an overlying porphyritic Zone. In

the chilled margin, pyroxene pseudomorphs composed of ¢hlorite

a b &
and actinolite occur within a matrix of plagioclase
microlites. Away from the <chilled margin, embayed but
. ; T .

unaltered anhedral augite grains‘j mm in length occur within
" a matrix of fine-grained plagioclase. laths.- Sporadic-
" orthopyroxene grains up to 10 mm in length are completely
pseudomorphed . bf bastite. =~ Saussuritized plagioclase

v

phenocrysts up to 2 cm in diameter are ‘also irrégularly

distributed. within the porphyritic’zone, but never M&omprise'

”@ore than 2% of the rq;ks. At some 1oca1%tie§, lower chilled

margins ;}e marked by tﬁe incomplete alteration of

clinopyroxene. -This ‘has .created é rock witﬁ irregular light

N
(unaltered clinopyroxene) and dark (actinolite and chlorite)

29
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P T
patéhes. This “texture can be coﬁfusedﬂwi%h primary textures
of the'glomqroporphyritic'bébbros.
The - bulk of a typical ordinary gabbro—sill is fine-to

s

Hmedium—grained, with a sub-ophitic to ophitic texture. There
is a gradual inc;ease in grain size from the base of the sill
to the transition with the overlying pegmatitic zone. The.
lower regions of the t¢pical sill are charact;rized by
irregularly shaped augite crystals within a matrix of fine-
grained plagioclase laths. Pseudomorphs of serpentine and
chlorite after orthopyroxene are also present, At higher
levels, augite crystals become more euhedral and sometimes
exhibit altered exsolution lamellae of orthopyroxene. As
thg peématitic zone 1is approached, there is an increase in the
degree of transformation of matrix minerals ‘to epidote,
chlorite and actinolite.

The contact between the central and upper =zones of a
typical ordinary gabbro gill is transitional and is marked by
the first appearance of pods and veins 6% gabbroic pegmatite.
The transition to méssive pegmatite takes place over an
interval of approximatelx 60 m. The pegmatitic zone is
characterized by large, tabular augite crystals up to 3 cm in
length, an increased quartz content, and the appearance of
quartz-potassic feldépar intergrowths (granophyre).
flagioclaseﬂ grains in this zone are generally intensely

Y

saussdrifized, although unaltered plagioclase grains. (An 50)

o

can ¢&lso occur. Margins of augite crystals are replaced by

actinoiite and chlorite. In some gabbro sills, the

J_,;/“' k/

clinopyroxenes 1in the pegmatitic zone have ‘been completely-

’
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3.5.2 Glomeroporphyfitic Gabbro Sills

4 ! —

replaced by actinolite and minor stilpnomelane.

Glomeroporphyritic gabbro is the most distinctive rock
. R
unit in the field (Figs. 12, 13), and is known by a variety

of names including leopard rock, blotchy gabbro, anorthositic

gabbro, feldspathic gabbro and spotty diorite. The presence
of glomeroporphyritic gabbros in the sediments of the Upper
Knob Lake Group, together with the occurrence of pillow lavas
with glomérophenocrysts of plagioclase at the base of the
Doublet gé%bp,' suggests that theése gabbros océggy a specific
stratigraphic interval within the Labraggr Trough (Sauvé and

Bergeron, 1965). g

Q

Within the Frederickson Lake region, two facies of this

gabbro can be distinguished on the basis of plagioclase -

glomerophenocryst content (Fig. 14). Gabbro sills with
greater than 65% glomerophenocrysts are designated

anorthositic, While gabbro sills  with 10-65%

gloperophenocrysts are referred to as glomeroporphyritic. In

the study area, glomeroporphyritic and anorthositic facies
3
were never observed in the same sill.

In other areas of thel Trough, ordinary gabbro sills
inval¥e the core zones of,glomeroporphyritic éabbrb sills t6
form composite intrusions, and a complete gradation between
the anorthositic facies and non-porphyritic facies may be

observed (Fig. 14; Baragar, 1967). Within the Frederickson

~

Lake area,. rare cross-cutting <relations demonstrate that

glomeroporphyritic gabbros are slightly younger than the
1 : ® ) r '(
32
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Fig. 12 Outcrop photo of an wunbanded glomeroporphyritic
gahbro. The white ©° patches are glomerophenocrysts of
plagioclase. The scale isegiven 'by the pencil (15 cm).

¢

-~

Fig. .13 Outcrop photo of banded glomeroporphyritic gabbro,

showing plagioclase .glometophenocrysts concentrated into
light~coloured "bands. Geological hammer for scale,

"33
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N Volcanies
Vo~
o=V Doublet _
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ordinary gabbro glomeroporphyritic  anorthositic composite glomeroporphyritic
sill gabbro sill gabbro sill sl * basalt
- "y
Fig. 14 Schematic diagram illustrating the differences

between ordinary, glomeroporphritic and anorthositic gabbros
in the Frederickson Lake study area. Note that the ordinary
and anorthositic gabbros appear to represent end members
containing respectively, the least and the most plagioclase
glomerophenocrysts. Also illustrated are stratigraphically
equivalent  composite gabbro sills of the Ahr Lake area of
‘? ) the North-Central Trough (From. Baragar, 1967) and
glomeroporphyritic basalts of the Doublet Group.
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ordinary gabbro sills (Fig. 15). . Outside the map area,
gloTeroporphyritic sills may‘also be older than the ordinary
gabbros sills (Baragar, 1967; Wares, pers. éomm., 1987). On
the basis of extensive work on the magmatic rocks of the

A~

.+
Labrador Trough, Baragar (1960, 1967) concluded that all

l

intrusiwe and extrusive rockg were of the same generationxh

Glomeroporphyritic sills have a maximum observed thickness
of 50 m (Fig. 16) in the Frederickson Lake area. Typically,
plagioclase phenocrysts are céncentrated near the cenére of
the sill. In the vicinity of the Frederickson L%ke South
showing, plagioclase glomerophenocrysts are comcentrated in
two major bands within the iill. Glomeroporphyritic sill
margins are sparsely porphyritic and, by themselves, could be
mistaken for non-porphyritic gabbros.

Banding within glomeroporphyritic sills occurs on both a
centimetre and metre scale (Fig. 13) and is believed to have
been produced by magmatic flow within the sill (Baragar,
1967). These gabbros 'are composed of  saussSuritized
plagioclase glomerophenocrysts in a groundmass of less
saussuritized plaéioclase, clinopyroxene, orthopyroxene ,aﬁd

olivine psuedomorphs. In hand specimen, the glomerophenocryst

cores appear dark as a result of saussuritization, while the

-

'rims are pale grey. Glomerophenocrysts are up to 10 cm in
diameter and are composed of clusters of plagioclase
phenocrysts up to 1 cm in diameter (Fig. 17). . Core zones

are almost completely transformed to secondary clinozoisite
and albite. Glomerophenocryst  rim zénes (Fig. 18)  are

composed of fused plagioclase phenocrysts, each of which has
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Fig. 15 Glomeroporphyritic gabbro ~dyke crosscutting an
ordinary gabbro sill, Frederickson Lake South showing.
‘Eﬁ‘ Location is given in Figure 30. The pencil is 15 cm in

length.
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a central saussuritized core. In. addition, plagioclase
phenocrysts of the rim zone usually exhibit growth zoning

(Figo 19).

a

Glomerophenocryst clustering and agglomération occur to

- 'varying degrées (Fig. 20). Clusters range from two
phenocrysts to several tens of phenocrysts. In sevefal sills .

the long axis of the clusters is parallel :‘to flow bahding

(Fig. 21). ‘ This texture suggésts that.flow within the sills

was responsible for uniting originally separate’ p%agioclase

phenocrysts and that the 1at%.p1agioclase growéh evideﬁced by
&

-4 - 4
the growth rims was responsible for holding the clusters

together. 4 .
Anorthositic gabbros contain more plagioclase )/
glomerophenocrysts than glomeroporphyritic gabbros. In 3?é

study area, all Cu-Ni sulphide mineralizétion was restr@éted
to the glomeroporphyritic facies; the anorthositic gébbros
were barren. '

3.6 Local Structure

Within the study area, the gabbro-sediment sequence

strikes northwest and dips 45 to 90 degrees northeast.. This
sequence is terminated at a low angle by the Walsh Lake Fault
(Fig. 4; Map 1). South of'Jimmick lake, the gabbro-sediment
(]

sequence- is tightly folded into an antifbrmal syncline, .the

“ western limb of which is overturned (Fig. 22). . A similar
synclinal structure is visible oﬁ agrial photographs
immediately west of the Jimmick Lake antiformal syncline. The
lack Pf an antiformal structure be£ween these two synforms

O ’ . , v . )
) c‘ .suggests that they are separated by a NW-striking fault. A
4 Y h , :
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Fig. I9
' olomerophenocryst_ core .
Z
- ARG Fig. 18
%henocryst IR B
o LM
saussuritization
L
~
Fig. 17 Generalized diagram_,6 of a plagioclase

glomerophenocryst. Saussurization, represented by black dots,

,is confined to the core of the glomerophenocryst and to the

cores of the smaller phenocrysts which comprise the rim zone.
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Fig. 18 Rim zone of a plagioclase glomerbphenoéryst.l Each
rim zone phenocryst has a centralized 2zone which is
saussuritized. See Figure 17 for the 1location of the

photograph. -

Fig. Growth rims on a plagioclase phenoéryst in the rim
ne of a glomerophenocryst. The core of the phenocryst is
iussurltlzed See , Figure 17 for ‘the_ location of the
p otograph. ’ '(_-? :
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Fig. 20'- Hand specimen photograph of a glomeroporphyritic

gabbro showing both ~“small and large plagioclase
» glomerophenocrysts.
\ - ’
3 /

) {

A N
¥ ‘ v ;
2o °

{} t D@ oxis of elongation . ’

Kl . ' ) ) - d
- plagioclase {J;j m
glomerophenocryst f‘z\ ~ @ ‘

3

-

Fig. 21 Tracing of a glomeroporphyritic hand sample. " Note

0 the elongation of plagioclase clusters parallel to the banding
. of the plagioclase clusters.

o -
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NW-striking -fault is also interpreggd to occur Dbetween tpe

Jimmick Lake antiformal syncline, and strata to the east, as

both gabbro-sediment sequences nuve similar facing directions.
Baragar (1967) described the Frederickson .Lake region as a NE
facing hemocline, but the recognitioﬁ of these faulted

- ;.v -
synferms suggests that the map area 1lies on the 1limbs of

large regional kisoclinal folds that have been detached by

]

faulting. - . ' -

Further evidence for tectonically induced stratigraphic

repetition in the Frederickson Lake region comes from the.

regional mapping. Glomeropbrphyritic gabbros are interpreted
to “occur at the upper\levels of the Menihek Formation. The
occurrence of “abundant gloﬁeroporphyritic gabbro sills within

the Menihek Formation betweén. Attikamagen Lake 10 km west of

the map area, and the®Walsh Lake fault suggests repetition of

strata ‘in this region by 3)combinat30n of isoclinal folds and
. &

NW-striking faulks.: A more detailed elucidation of the

structure in the studya;egion is hampered by‘the paucity " of
. q

sedimentary rock 6 outcrops, and the lack of penetr?F;ve

structures in the massive gabbros.

In addition to the large folds which have affected the

¥ . .
f/“gabbro—sediment sequence, minor tight folds with Nﬁ—trendlng

o

hinges are locally developed in £he sediments (Fig. 23). The
fold axes in the sediments parallel those of the regipnal
f&ld described above. Differences in 6bsgrved fold wavelengths
are _prd%ably cgused by the coppetency contrasts of 3thidk

gabbro sills and thin sedimentary unitss (cf. Hobbs et al.,

1967). N
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Fig. 22 . Schematic cross section across the southern part of
the study area. In (A) the gabbro-sediment sequence is
ihterpreted to_be folded into synclinal structures separated
by northwest-trending faults. Older, interpretations (B)
inferred that the gabbro-sediment sequence formed a northeast-
facing homocline (Baragar, 1967, Fournier, 1983). Refer to
Figure 2 for the location of the cross section. (Refer to Map 1.)
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> 3
. 3.7 Local Metamorphism * K.
‘Ei The . effects of regional and contact metamorphlsm are
. 'Y S
~ " subtly expressed within the ?rederlckson Lake area.~ Mafic

<

rocks belong to the sub-greenschisﬁ facies (Dimroth and
Dressler, :1978) and aoe characgerized by the presence of
pumpellyite, qglorite; actinolite, and epidote.
Clinopyroxenes are generally preserved, although they are
often turbid and are replaced on the rim zones byvchlbrite and

) amphibole. Orthopyroxenes and possible olivine pseudomorphs

»
[

are® completely transformed to chlorite, amphibole and

‘serpentine. Plagioclase is often saussuritized; Baragar (1967)
. >

"
¢

has proposed a late magmatic origin for some of the

. . Q o
saussuritization.

a

Siltstones ) and the matrices of sandstones exhibit the

' development of sgericite, \Stllpnonelane and chlorite. Quartz
2

grains- within the sandstones ar: recrystallized in some

samples. Plagioclase framework grains are unaltered,

confirming the low grade of metamorphism.
* Argillaceous sediments along the margins of gabbro sills
are commonly comﬁact,A well indurated, and exhibit a slight

o

concheESal fracture;‘ but in genera] lack the development of
/’phaneritic hornfels eexiures caused by coneact metamééphism.
The limited contact metamorphic effects in argillites of the
Labrador " Trough have been attributed to the intrusion of the
N .‘ gabbr01c 51113 into wet sedlmengs”(Dlmroth and Dressler, 1978)

and also to the hlgh level of- emplacement of the 51115 (Wardle

and Bailey, 198l1), .In contras€; arenaceous sediments within
‘E 2 " several ° meters of gabereiq;sills commoniy display - dif fuse

. ) . ¢ . *
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Fig. .23 Outecrop photograph of a local, tigh® fold in the
- sedimen.s of the Menihek Formation at the Gossan Lake showing.
The more competent gabbro sills on either side of the
sedimentary band at this locality are not folded. The
squares on the 'scale bar are one centimetre in length. ’



;atches of light-coloured minerals upjzzgaﬁmm in diameter, in
a darker matrix. The light-coloured patches consist of quartz
within a darker, - finer-grained (0.01 mm) matrix. rich in
chlorite. Sauvé and BPRergeron (1965) describe " similar
"adenoles" fromgthé contact zones of quartz-rich sediments of
the Northern Labrador Trough\and attribute them to thg
retrograde‘ replacement of some pre-existing contact

metamorphic phase.
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CHAPTER 4 GEOCHEMISTRY OF GRBBROIC AND VOLCANIC ROCKS
4.1 Frederickson Lake Igneous Rock Suite

Samples analyzed in the’present study include ordiqary
gabbro sills and chilled margins (20‘ and 7 samples
respectively); glomeroporphyritic gabbro sills and chilled
margins (8 and 1 respectively), basalts of the Menihek
Formation (8), volcanics of the Murdoch Formation (7) and
basalts of the Willbob For2£§Igh (3). In addition, three
analyses of ultramafic sills from Fournier ‘(1983) are
discussed. The tholeiitic nature of the Frederickson Lake
igneous suite is illustrated in .the AFM diagram (Fig. 24) and
on a Jensen plot (Fig. 25)" The mafic rocks of the Montagnais
Group form a distInct cluster of points on Al-Si, Mg-Fe and
Ca-Mg plots (Fig. 26). This cluster excludes the ultramafic
rocks of the Murdoch Formation (sample set 6) and ultramafic
rocks of the Montagnéis Group (sample set 7). ‘These latter
rocks fall, respectively, within the komatiitié basalt and

komatiite fields in a Jensen (1976) cation plot (Fig. 25).

It is important to note ‘the geochemical similarity of the

basalts of the Menihek Formation with the chilled margins of

'the ordinary gabbros (Figs. 24-26).

Tectonic discriminant diagrams for basaltic rocks have
been developed by Pearce and Cann (1973), Winchester and “Floyd
-(1976), and Pearce and Norry (1979). These diagrams, although
developed to <classify Paleozoic rocks, are also commonly
applied to Precambrian rocks. Basalts of ‘the Menihek

Formation and the ordinary gabbro chill margins, rock types

most indicative of original 1liquid compositions, cluster
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Fig. 24  AFM diagfam (Irvine and Baragar, 1971) showing the

complete analyt‘ al data set. The samples plot mainly in the

tholeiitic fl g ‘

hllled margins of ordinary gabbros o

2 basalts. 6f the Mepihek Formation -
3=ordinary gabbro
4=glomeroporphyritic gabbros
5=chilled,margins of glomeroporphyrltlc gabbros
6=volcanic rbcks of the Murdoch Formation
7=ultramafic rocks of the Montagnais group
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Fig. 25 Jensen (1976) cation plot.
represent original liquids

Figure 24. CA=calc-alkaline, TH=tholeiitic, BK=komatiitic
basalt, K=komatiite. ' . -

Only rocks.thought to:
are plotted. Symbols as in
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Note the compositional overlap between

chill margins of the

ordinary gabbros (1) and the basalts of the Menihek
Formation (2). Other symbols as in Figure 24.
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Fig. 27 a,b Tectonic discriminate diagrams (Pearce and
.Cann, . 1973)., Note the restriction of gabbro chilled
margins (1), and Menihek basalts (2) tp the ocean floor
) basalt field (B). i
. ‘ . A=low K tholeiite
c ‘ =ocean floor basalt
; =calc-alkaline basalt s
D=within-plate basalt ,~
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- Fig. 27 c¢,d Tectonic discriminate diagrams (Pearce and
Cann, 1973; Pearce and Norry,.1979). Note the rgstriction
of gabbro chilled margins (1) and Menihek basalts (2) to the
ocean floor basalt field (B).
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"within the ocean’ floor basalt fields in such diagrams

(Pig. 27). -

~

.Previous extensive studies of the "basaltic" rocks of the
Labrador Trough (Baragar, 196q;‘1§67) havé demondtrated both
the tholeiitic nature 'of the Montagnais Groué and {E?e
derivation of intrusives and extrusives of this Group from» a
common parental I;quid. The limited data base of this study
confirms thé chemical similarity of the ch{fled margins of‘the

ordinary gabbros to the basalts of the Menihek Formation.
oo

4.2 Chemical Variation in Ordinary Gabbro Sills
One 500 metre-thick ordinary gabbro sill in the
‘ »

Frederickson Lake - area was selected , for detailed chemical

%

study (Fig. 11). From bottom to top, this sill shows ‘an

o

overayf increase in Si, Ti, Fe and P, and a corresponding

decrease in Al, Mg and Ca (Fig.  28). The fluctuations in
2 N -

?

composition are caused by small scale layering, and, 1n upper

regions of the sills, variable amounts of pegmatitic veining.

N

A .reversal._in some elemental trends towards the base of. the

sill éugggsts théf clinopyroxene and orthopyroxene'crystals in
this part of the sill reéfééent‘crysfal cumulates. Despite
- minor fluctuations, the overall chemical trends are compatible
with in-situ differentiation of a single injection of magma.
This is further supported by the similarity:pf the average

.- composition of the entire sill to its bh{lled margins

(Table 5). )

e
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Fig. 28  Chemical, cross sections through a 500 m-thick'
ordinary gabbro sill. Straight lines represent linear

regressions of the data. ' v -
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Table 5
Ord. SD Basalt SD-
Gabbro Menih
5i02 48.3 1.21 48.7 1.21
Al203  14.0 2.00 13.8 0.26
Fe tot 14,0 3.02 13.9 1.17
M0 6,40 1,12 6.93 0.55
a0 9,57 1.45 9.20 1.51
Na20 233 0.49  2.22  0.66
K20 " 0.4 0.32 0.31 0.19
tin2 1.37 0,47 1.28 0.09
Mn0 0.19 0.06 0.21 0.02
P205 0.10 ©0.03 ©0.09 0.01
Lor 2.5 0.43 3.30 1.16
TOTALS: 99.24 108 9.9 683
Ba 88.4 56.1 101 58.4
Be ~ 2,00 0.77 0.38 0.70
cd .
Ce 16.8  5.13 22.5° 4,61
Co, 48.6 B.64 42,57 7.50
Cr 69.9 8l.8 70.0 121
Cu 187 9J.0 173 6.4
Dy - 5,80 “2.18 1,13 1.96
Eu 4.80 1.08 2.63 1.11
La 6.90 10.0 3.13  4.99
Li  ° 10,2 3.06 1A4 8.09
Mo .
Nd 89.0 24,1 54,47 %0.7
- Ni 82.4 50.0 104 6.10 -
'Pb
Pr .
Se 45.9 3.94 42.63 2.39
Sm 0.3) 0.90 S
v 455 ~ 199 378 13.7
In . 726 20.7 96.5 30.9
% ') .
Ga 19.5 0.50 16.3  6.85
Nb 2.50 2.50 0.38 0.99
Rb 8.00 2.00 10.0 6.60
St I35 15.0 147 53.5
Ta . 4.50 4.50 0.71 1.75
Th 1.50 1.50 6.86 1,46
U 2,00 2.00 2.00 1,77
Y 30,5 8.50 22.9 6.10-
r 97.5 32.5 83.6 4.40

)

major slements in Wt%

Average Composition of Ianeous Rocks

o

Volcan SO Glom.  SD

Murd °  Gabbro*
43,4 2,38  45.9 1.12
9.21 2.3 15.7 2.00
14.9 1.75 13.5 2.06
15.5 5.07 8.01 1.31
7.80 0.88 9.85 1.07
1.66 1.73 . 1.69 0.36
0.08 0.06 0.36 0.23
2,44  0.84 0.97 0.13
0.14 0.03 0.17 0.03
0.2 0.11 0.08 0.02
3.89  1.26  3.15 0.41
99.23 16.43 99.38 8.74
58.3 33.1
1.00 0,00

[ Selee »
12.1 0,99
Lo - W 2.9
127 92.9
_ 615 454
2,71 0.70
,4.00  0.53
4,71 3.37
10.9  2.59
67.1  6.47
315 159
32,1 5.84
269 44,5
112 83.2
_18.0  2.45
12,7 0.1
g 107  23.3
1.67 2.36
6.00 1,41
1.00  1.41
19.0 0.00
67.3  4.78

Gabbro
Chill

376
92.9

10.4

17.0
71.7
1.43
4.00
0.57
14.1
43.4

(SD = Stendard Deviation)

- o o o o

0.42° 3.79
5.94 799,26

131
0.73
7'78 N
9.02

113
6l.4
3.76
1.36

2.8
3.21

. 19.0
31’v 0
16.1

3.80

9.26

24,1
71.4:
2.26
3463
l.40
12.3
37.8

LEERERALLRFE el 4 €1
i
'

.

trace elements in ppm

-~

nd = not detected

blank space =

6),\

not eyalyzed
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oft flow differentiation.

&

¢ \

ot

4.3 GlomeroporphyriticpGabbros

¢
As a result of the mechanical concentration &f plagioclase

phenocrysts, it was difficult to obtain 'glomeroporphyritic

-gabbro samples °that were representative of :the original
'1iquid compositions. In terms of major element chemistry,
_some samples- from the centres of glomeroporphyritic sills were

~different from the chilled mafgin reflecting the mechanical

concentration of phenocrysts (for example sample. 99411 from

" the siil interior contains 19.2% Al1203 while the chilled

margin sampie 899417 . contains only 13.6% A1203). However,
glomeroporphyritic chilled margins are similar to those of
ordinary gabbro§ (Table 5, Fig. 26),‘ suggesting a common

parental magma. Minor differences in concéntrations of Co,

r a

Cu,ipr, V and Zn between the chilled margin and the centers of

~
glomeroporphyritic g§bbro sills could also refiect the effects

. *
P4

Plagioclase compositions reflect the composition uof
the parental magma from which the plagioclase :crystalliges.
{ . -

However, the common saussuritization of{gromerophéhocrysts *

the Frederickson Lake area precludes a simple .eétimation of

L]

their An cghtent. In erder to circumvegtithis problem, a

- . > . Tt - “ .,
normative , calculation :was cargled out based on chemical

Ve .

analyses “of .the most felaspar—rich glomeroporphyritic gabbro:®
(sample 99411). ., This- qalqulation' yielded a- bulk rock#
plaéidﬁlaé& composition of An 75; '»which"rgpresents the
averagey of thegﬁlagibclase in the groundmass LAn.55)‘and that ,
in thé glove;fphenécrysts. Thus the composition® of the

plagiocléée gldmerophenocrysts is inferred tq be greater . tlan
* P-4 -

~ .

-

. . ) -t
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Corroboration of - this is provided by.- microprobe

s

t

of small 0.0l mm patches of unsaussuritized

plagioclase, which afe present in the cores of some plagioclase
; . 3
glomerophenocrysts. " These patches = yield @ an average
-compe$ition of An 82,  Theoretically (Nielsen and D&agan,
'

1983), the «chilled margin of the glomeroporphyritic -gabbro

should crystallize plagioclaée with a maximum An content in
. ' "~ .
the range 67-70 not An 75-82. ° Tge plagiociase

glomerophe rysts, therefore appear to be too calci¢ to have

2
<

formed from’ ‘a liquid with the cdomposition of . the chilled
‘ ' v
margin. ’ N

4.4 Rare Earth Element Analyses

~ Two basalts of the Menihek Formation, two ordinarngébbro
chilled margins, and a glomeroporphyritic chill margin (J-8)
have simiiar, . relatively fiat pattefns with overall
abundances appr@xi@ately ten tiﬁes chondrite (Fig. 29 a,b,c).
As shown earlier, tﬁace elemeﬁt‘discriminaﬁion aiagrams place
the rocks of the Montagnais Group mainly w%&iié\°the ocean
floor  pasalt field. .However the flat REE patterns‘of thes;

, '

rocks contrast with the LREE depletion of most modern MORBs.
REE data also were obtained for plagioclase phenocryéﬁ

separates ("plag" and "matrix" in Fig. /29 d,e) and the

accompanying grouhdmass from Both the glomeropgfphyritic and

. !

anorthositic gabbros. The purpose was to determine if the’
\ A v

‘plagioclase glomerophenocrysts were geochemically related to

éhe accompanying matrix. In the anorthositic gabbro, the

, .
strong, positive Eu anomaly of the phenocrysts and mirror-image
T . - e T
S B
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¥ TABLE 6 Rare earth element analyses of igneous rocks from the Central Labrador Trough

La
Ce
Nd
Sm
Eu
Tb
Ho
Tm

Lu
Sc
Cr
Co
As
Sb
Cs
Ba
Hf

Ta
Th

Na (%)

-

‘J-33

" J=7 J-8 11 J-12 I=-17 J-19 J=30 J-31 J-32
Gabbro Glom Menihek Menihek Gabbro Glom Glom Glom An Gab An Gab
Chill Chill Basalt Basalt Chill thill Plag Matrix Plag Matrix
3.45 2.81 3.54 3.59 3.89 19.3 1.39  , 3.22 1.65 4,20
7.80 6.80 8.90 8.90 8.80 35.6 2.20 7.20 4.00 10.0
5.70 5.00 5.80Q 6.90 6.80 16.0 1.00 5.10 2.60 9.20
2,53 2.45 2.69~ 2.71 2.49 3.65 0.34 1,97 0.98 3.37
0.82 0.63 1.11 1.]3 0.98 1.17 0.37 0.61 0.72 0.79
0.52 0.56 0.53 0.55 0.58 0.63 0.04 0.38 0.1% 0.74
0.98 0.94 1.08 0.94 0.91 1.08 0.18 0.70 0.24 l.46
0.31 0.27 * 0.35 0.49 0.34 0.43 0.07 0.27 0.10 0.46
2.35 2.29 2.55 2466 2.58 2.76 0.15 1,92 0.65 3.74
0.42 0.38 0.39 0.46 0.36 0.34 0.04 0.27 0.10 0.42
42.5 43,9 42.3 47.0 42.9 ( 1.2 0.19 30,2 2.37 62.4
161 186 182 187 168 97.2 4,10 116 1.56 6.5
48.1 51.1 44.6 44,3 38.6 18.8 11,1 7.6 5.61 54,2
1.62' 0.53 0.30 nd 3.77  0.53 nd nd nd nd
0.10 0.40 0.10 0.10 0.50  0.45 nd nd nd nd
0.92 1.39 0.76 0.48 1.24 1.23 2.03 - 1,76 0.87 0.24
. 207 33.0 119 188 337 241 244 nd nd nd
1,66 1.28 1.90 2,04 2.13 3.41 0.20 1.45 0.67 2.72
0.24 0.26 0.14 , D.l6 D.13 0.53 0.04 0.12 nd 0.64
5.18 h‘6.07 7.25 T1.72 6.43 6.15 1.34 ¢ nd nd nd
0.30 %0.40° 0.40 0.30 0.20 5.40 0.10 0.50 0.20 0.40
0.3 0%.20 < 0.10 0.10,. 0.10 0.90 0.10 0.20 0.19 0.10
1.72 13%1\ 1.60 1.66 1,73 2.30 1.15 nd nd nd
: ‘
C
‘ 1)

-

a

Neutron activation anaiyaea (in ppm) ’pr{uvided by the Geochemistry Laboratory, U. de M.

7

tels

7
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Chondrite-normalized rare earth element diggrams.. - .

Glomeroporphyritic gabbro chilled margfﬁs. Note the
distinctive LREE enrichment in sample J*19.

Basalts of the Menihek Formation

Ordinary gabbro chill margins. Patterns are similar
to the basalts of the Menihek Formation.
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Fig. 29 Chondrlte-normallzed (Talyor and Gortony 1977) rare

earth element diagrams.
d. Anorthositic gabbro. Note the mirror image patterns
of the matrix and plagioclase separates.
e. Glomeroporphyritic gabbro: The matrix of sample J-
31 lacks a Eu anomaly. .
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: .pattern of the matrix suggest that the matrix liquid could
have precipitated the phenocryst assemblage. = The Eu anomaly
in this gabbro aisg may have been enﬁanbed by its high
plagioclase phenocry?t-matfix ratio (3:1). Growth rims on
plagioclase phenociysts ‘demonstrate the late stage -
precipitation of plagioclase, which may account for the
negative Eu anomaly in the residual matrix. Patterns for the,
glomeroporphyritic gabbro 5;5 harder to interpret because
there is no Eu anomaly iﬁ the matrix. This suggests, but does

not °prove, that the glomérophenocrysts were not .precipitated

from the matrix in which they now reside.

.
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PETROGRAPHY AND GEOCHEMISTRY OF THE SULPHIDE
SHOWINGS -

CHAPTER

Descriptions of Showings

5.1.1 Frederickson Lake South Showing . (glomeroporphyritic
gabbro-hosted Cu-Ni deposit)

Stratigraphic relationships for this area (Fig. 30) were
determined from old diamond drill logs obtained from the

Hollinger North Shore Exploration Company (HNS); surface

7
E]

exposure was poor. ‘North of this showing, a thin band ‘of
black argillite containing sulphide-facies iron formation is
intruded alqu its western contact by a 50 metre-thick sill of
glomeroporphyritic gabbro. To the east, tRe argillite is
intruded by a thicker ordinary gabbro sill., The eastern
ordinary gabbro sill gxhibits partial transformation of
clinopyroxene to actinolite, a Fexture also observed in lower
regions of other ordinary gabbro éills. The eastern band of
argillite pinches out along striké to the south, leaving the
glomeroporphyritic gabbro in direct contact with the ordinary
gabbro sili close to the zone of mineralization (Fig. 30;’ Map

2). Xenoliths of sedimentary rock ,within the

glomeroporphyritic gabbro, and dykes of glomeroporphyritic

- gabbro, which crosscut the ordinary gabbro where the pinching

out occurs (Fig. 15), suggest that the sedimentary band here

has been removed by the intrusion of the younger

glomeroporphyritic gabbro.
a layer of massive Cu-Ni-bearing sulphides, about 200 m

1
in length and 1.5 m in thickness, occurs near the centre of
,

the glomeroporphyritic' sill and is oriented parallel both to

sill margins and to internal flow banding (Fig. 30). The

~

, , 63




~

disseminated Cu-Ni
Fig. 16

sulphides
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sulphides
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Fig. ,/30 "Generalized cross section through the Frederickson
Lake showings. Note the localization of the 2n-Cu-Pb lens to
the contact 'with an ordinary gabbro sill, and the abrupt
termination of its host sedimentary band near the south
showing, The two showings are separated by 2 000 metres.
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" western contact of the sulphide body is sharp; its eastern
contact 1is diffuse; the percentage of sulphides decreases

upwards to form net-textured sulphide : mineralization. This

B

texture suggests that sill tops ‘are towards the east.
Although the tab®ar nature of the sulphide body led early

workers to describe it as a wvein (Griffis, 1945), the
b .
asymmetry of thq,sulphiq§uleps and the absence of metasomatic
“ 3 ¥
K BV that .
alteration at its margins %qggesmﬂit is syngenetic rather than

v
<

epigenetic.
k4
As noted by Fournier (1983), the upper portion of the

sulphide 1lens appears to be richer in Ni and Cu (0.81% and

4.19% respectively) than the lower part (0.23% and 0.61%).
Disseminated sulphides 4 m above the massive =zone assayed

0.66% Cu and 0.14% Ni (Appendix 1). The overall grade of the

— . -

deposit;,¥hoWevef, is low, 1.5% Cﬁ and 0.5% Ni. Three

samples of Cu-Ni mineralization were an;Tyzed for the platinum

A

AN
. group elements Pt, Pd and Rh; onéﬁsample assayed 0.73 g/t Pd.

A
’ Disseminated sulphides consisting mainly of pyrrhotite
are present withih the matrix of the glomeroporphyritic gabbro
aléng\ strike from the main ofe lens. The largest of these
occurrences is located 500 m northwest of the main sulphide

-
B

’ éhowing. /

5.1.2 Frederickson Lake North (sediment~-hosted Zn-Cu-Pb
deposit) !

Atthough exposure 'is poor, this showing appears to occur
stratigraphically above (i.e. to the east of) the

o j glomeroporphyritic ( gébbro hosting the Southern ) deposit.
Fournier (1983) suggested that this s$howing is bounded to the
« ’ * a
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east by a glomeroporphyritic gabbro; however, it is suggested

‘" here that the glomeroporphyritic gabbro lies to the west of

the showing (Fig. 30). . The contact zone of the eastern
gabbro is again marked by incomplete alteration of pyrpxene
to aniphibole as seen in other gabbro chilled margiﬂs.

- brilling by HNS in 1944 indicated that a mgssive Zn-Cu=~
Pb-rich sulphide 1lens about 2 meters thick occurs within
black argillite and extends for 200 m parallel to the
ordinary gabbro contact. The best assays obtéined by HNS were
from DDH-7, which returned 14.1% Zn, 2.25% Cu, 1.76% Pb Qnd
10.1 oz/ton Ag over 1.3 meters. Drill logs indicate‘hthat

disseminated sulphides and Quartz-carbonate veins with pyrite

and minor chalcopyrite 1lie west of the massive lens (i.e.

'
[ O S

probably beneath it). Sulphide-facies iron formation occurs
along strike from the sulphide lens, but its contact relation
with the lens is unknown. The drill logs alsc indicate that

the host black argillite is siliceous around the ore lens

and that' two breccia zones are present. The first zone

occurs wiéhin the massive sulphide ore; the second zone, whiqh
is several metefs in thickqesé, occurs 40 m below the massive
ore (Hogg, 1957). Breccia fragments are described as
volcanic,.but t?is could not bg c?nfirﬁeﬁ during the present

stu@y; only a few surface blocks of sﬁlphide—rich: breccia

were located.
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5.1.3 Other Showings in the Frederickson Lake Region

Other glomeroporphyritic, gabbro~hosted Cu-Ni showings in
the .region inqlude the Gossan 1 and Connolly showings‘(Map 1;
Fig. 2). .Both of these occur adjacent to sulphide-facies iron

formation. The glomeroporphyritic gabbro of the Connolly

showing contains several sedimentary xenoliths of sulphide=-

.facies iron formation. Sulphide mineralization in the gabbros

at both localities consists only of disseminated pyrrhotite
and ;halcopyrite.

Sediment-hosted sulphides iﬁ the area are present_at the
Jimmick Lake, Gossan Lake and Faute showings. At Jimmick
Lake, sulphides occur close to thé nose of a major antiformal
syncline; this 1is the only showing which has any visible

v
relation to structure. Sulphide-facies iron formation from
the eastern limb = of the syncline displays local re-
crystallization of iron sulphides. The Gossan Lake and

Iy

Faute Lake showings are essentially sulphide-facies iron

t

formation with rare disseminated ¢halcopyrite.

5.2 Sulphide Petrélogy
5.2.1 Cu-Ni Deposits

In these deposits pyrrhotite is the most abundant phase

and forms the matrix for other sulphides (Fig. 31). The
occurrence of many  sub-grain boundaries ~ suggests
recrystallization. Pentlandite 1is present as exsolution

flames up to 0.5 mm in length in pyrrhotite and as coarser
euhedral grains up to 2 mm in diameter along pyrrhotite grain

boundaries. Chalcopyrite occurs as anhedral crystals and as

d . 67
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Fig. 31
mineralization
(po=pyrrhotite,
gan=gangue)

.

BRI FAENT

\

Microphotograph

°

-

of a polished section of Cu-Ni

from the'. Frederickson Lake

py=pyrite,

mag=magnetite,

South

showing.

cpy=chalcopyrite,

r
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\ | \
is present as rounded grains. and only rarely contains

3 <
\ . \ .
\\ ! \

exsolution lamellae within the massive pyrrhotiteé. Magnetite

P

|
exsolution ygmellae of ilmenite., Pyrite is rare, occurring
hY

both as small cubes (0.05 mm) within the pyrrhotite matrix and

(T
as -larger annealed grains (0.1 mm). Quartz is the dominant

gangue mineral in the zone of massive mineralization. Towards

“,
the top of the sulphide lens, where a net-texture is

developed, chlorite and epidote after clinopyroxene become

more common.
5.2.2 Zn-Cu-Pb Deposits (Frederickson Lake North)

Megascopically, the massive mineralizgtion at
Frederickson Lake .North has a layered appearance resulting
from alternating sphalefitergalena—rich and iron sulphide-
chalcopyrite-rich bands (Fig. 32). Deformation of the
sulph?de lens was not evident in outcrop, but cut specimens
of' massive oré‘»exh;bited minor folding (Fig. 32). The
pyrrhotite;rich. layers contain abundant anhedral masses of
éhalcopyrite and Iérge pyrite cubes. Sphalerite occurs as
anhedral masses surrounding anhedral grains of galena. Small,
oriented and -unoriented inclusions of chalcopyrite are common
within sphalerite (Fig. 33). Trace amounté of arsenopyrite
occur as euhedral,. diamond-shaped c¢rystals. A similar mineral
assemblage 1is present in the breéccia horizon of the ore lens,
where it forms the matrix to cheéty argillite EIasts up to
é cm in diameter. )

On. the basis of the anhedral nature of the | galena and
chalcopyrite in the massive mineralization, Fournier (1983)

proposed that these were the last~formed sulphide minerals.

/
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Fig. 32 Hand sample tracing of .Zn-Cu-Pb mineralization from

“the Frederickson Lake North showing (actual size). Note the
deformation of bedding by minor folds and the development of
large pyrite porphyroblasts. Refer to Figqure 31 for symbols.

£

[
«

Pig. 33 ‘Micrgphotqg&apb of polished section of Zn-Cu~Pb :
mineralization from the Fredericstg Lake North showing. Note

inclusions of chalcopyrite in sphal®rite. Refer to Figure 31
for symbols. . » .
o .
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However, anhedral textures for these sulphides also wommonly
i ‘ . |
result from metamorphism (Volkes, 1969). In any .case, _the

lack of primary textures in the Zn-Cu-Pb deposits makes it

» N &
: ” .
impossible to determine the original minerdl paragenesis.
s . P
i 2 A T \

- « » R } N .

5.2.3 Po-Py rich sediments Lo - ¢

. , . & ] - i

These sediments were classjified .in the °‘field as .o

sulphide-facies iropn formation. "Such sediments commo#ay

Ed

contain “50% iron sulphides, mainly as pyrrhotite, with.minor
pyrite. The pyrrhotite'is _recrystaﬁ(&zed” and intergrown

with silicate grains (Fig. 8). Pyrrhotite-rich boulders of
4 . T \
sulphide-facies iron formation-on the eastern flank of the

= 4 « ;

. Jimmick Lake antiformal syncline exhibit schistocity parallel

to bedding and reqrystalliﬁation of pyrrhotite.N‘“\§§§éfm¢ta¥‘\l‘

‘and gold concentrations in -po-py rich sedimégts are low
(Appendix 1). . d ' ) N

' . v .
a

R - & 5 P
5.3 Geochemistrxy of .the Showings .

\‘} ’
.5.4.1 . Ni/Cu ratios of Gabbro-Hosted Mineralization.

~

RS

° Ni/Cu ratios have been applied to magmatic Cu-Ni sulphide
o . . -~ ' . Y .
deposits to infer parental magma compositions and the timing
of sulphide liquid: immiscibility with ;esbect to oliviné

fractionation. Olivine fractionation »rapidly depletes a

@ ¥

magma of \Ni but increases the amount of Cu in the Tesidﬁél
liquid. A low Ni/Cu ratio of” 0.35 ¥or the Frederickson

Lake South anowing, and -similar ratios for other

% ~

glomeroporphyritic  gabbro-hosted , Cu~Ni deposits of the

3

Labrador Tréugh (Fournier, 1983), indicate that =biifihe -

¢ s \

\ fractionation may have depleted the magma in ' Ni priorl~§o
AT ' e ‘

1
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sulphide liquid immiscibility. By contrast, komatiite~hofted
Ni-Cu deposits, with Ni/Cu ratios of up to 15, are inferred to
reflect early sulphide 1liquid immiscibility relativer to

olivine fractionation (Naldrett, 1981).: It is interesting

to note that the ultramaflic-hosted Cu-Ni sulphide deposits of

the M6;;¥gnais ‘Group (type 1) have Ni/Cu 'ratios that are

similar to the élomeropofphyritic gabbro-hosted deposits (type

2).. Thi? suggests that the tramafic rocks are cumulates

that formed from a gabbroic parental magma.

5.3.2 Magma 108

Syngenetic ‘- magmatic sulphide deposits are generally

v . - N .
attributed to the separation of an immiscible sulphide liquid

from a silicate melt (Vogt, 1893)._ Elements enter the
sulphide 1liquid in proportion to their sulphide—silicéte
bartition coefficients (Table 7: MacLean and Shimazaki, 1976;
Nal¥rett, 1981). . For the economically important elements

Cu, Ni and ~PGE, the coefficients are >>1, t#Rhus 'suiphide

*liquids are able to scavenge and concentrate these elements
from (" co-existihg silicatg liquids. If the initial
¥ . -
concentration, final concentration, and partition

poeffi ent for any element are knbwn, then the proportion of
silicate iquid that has equilibrated with a given sulphide

liquid, its R value, can be‘calculated (Table 7b). Large R

values {(up” to 10 000) imply that the dsulphide liquid has
™ :5 '

equilibrited with a large volume of silicate liquid, whereas

small values (below 500) indicate’ the opposite (Campbell' and

-

Naldrett, 1979). .|
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. Table 7

‘Partition

~

for selected elemente

"1 000

1 000
1 000

coeff1c1ents between silicate and sulphide 1liquids

. N
. :
- - - - = - T - oy S S ST e e e T S G . T o S WS A o . . " S S - -

1 1
' Ni Cu
Komatiitic liquids
27 % Mgo . 100“ 250
19 % MgO - 175 = 250
Basaltic liquids’ 275 250
Sources: 1 ~ Naldrett (1981)

f

.2 = MacLean and Shimazaki (1976)

'2 - shimazaki and Maclean {(1976)

Note: Campbell and Barnés (1984) suggested that the partition’
coefficients for the PGE are as high as 1 000 000. ’

q

. Table 7b Formula fer R value
’ Yi =Di * Xi * (R + 1)
; (R + Di)
where:- g

R=silicate~sulphide ratio

Yi=final concentration of element in sulphide liquid

Xi=initial concentration of element in silicate liquid

Di=partition coefficient

»
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N Magma-sulphide ratids have been used to argue that the
Pipe nickel deposit of the Manitoba Nickel Belt farmed through

the assimilation of sulpﬁur (Naldrett et al., 1979). An R

2

" value of 43 for this deposit was interpreted as indicating an

excess of sulphur above that which could be dissolved in the

parental magma. This excess °sulphur was considered to-

reflect assimilation .0f sulphide-rich sediments.

r

R values were calculated for the Frederickson Lake Cu-

“<

Ni showings, wusing initial values of 110 ppm Ni and 300 ppm cu

Avalues for the chill?d margin of the host glomeroporphyritic
gabbro; sample 99417, Appendix l1). The resulting R values
range . between 53 for Ni and 57 for Cu, suggesting that the
sulphide liquid which formed gﬁe deposit did not equilibrate

with large volumes of silicate liquid. This. may ingicate

that sulphide ’liguid immiscibility occurred late in the

" magmatic history of the host glomeroporphyritic gabbros.

5.3.3 Zn-Cu-Pb ratios in sediment-hosted/ﬁineralization

}

On the ternary plot of Gugtafson and wWilliams (1981),
data from the Frederickson Lake Zﬂ—Cu-Pb showing fall in both
the, sediment-hosted and volcanogenic maésive sulphide fields
(Fig. 34). Sediment-hosted stratiform sulphide deposzts can
.be divided into twi‘generally separate flasses, 'Cu-rich and
Pb-Zn-~rich (Gustafson and Williams, 1981). The Frederickson
Lake sulphides are similar to the Zn-Pb class because of the
dominaﬁce of (Zn+Pb) over Cu, but in general contain too much

copper to be directly analogous. They have Zn-Cu-Pb values

similar-\ho the Koke showing (Fig. 1, . showing #8) of the’
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Cu=-Zn-Pb diagram for massive sﬁlphides

Frederickson Lake North showing.

A,

B.

'

volcanogenic massive sulphide field
Pélissonnier, 1972) )

sediment hosted 'Pb-Zn massive .sulphide

(estimated from Gustafson and Williams, 1981)

¢

‘at  the

(from

field .
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two samples of glomeroporphyritic gabbro~hosted Cu-Ni ore is

Northern Labrador Trough (R. Wares; pexs. comm., 1987).

[

5.3.4 Sulphur-Selenium Ratios .,
S/Se ratios for two samples of each of the three main
types of mineralization are given in Table 8. The S/Se ratio

has been proposed as a possible discriminant between magmatic

and sedimentary ore deposits (Goldschmidt and Strock, 1935).

‘Mineralization with S/Se ratios below 10 000 (cosmic ratio 7

000; Cameron, 1968) have been interpreted as magmatic in
origin while those with higher ratios have been con51dered

syngedlmentary dep051ts However, not all sedimentary rocks
are depleted in Se, and seleniferous sedimpntary provinces are
known to exist (Stanton, 1972). Although S/Se ratios have
been employed as discriminators by Naldrett (1981), Thompson

§

and Naldrett. (1984), &and Eckstrand and Hulbert (1987), their

use recently has been criticizig by Aucléirpit al., (1987)
becdause- the behaviour o® both selenium and sulphur  in
hydrothermal systems is variably affected by pH and £fO2.

/

Notwlthstandlng, this method still appears valld for

purely magmatic depositsg The average ratio of 5000'for the

/

‘compatible with a magmatic origin .for the ore. The low S}Se

ratios also imply that the glomeroporphyritic gabbros have not

£

assimilated large volumes of sedimentary sulphides, as this
would increase the ratio. The average ratio of 30 000 for

the Zh-Cu-Pb sedlment hosted sulphides is compatible with a

sefimentary origin for th¢ sulphides. .

-~
-
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Table 8

. Q\

Analyses of sulphur and selenium

sample type S % Se ppm S/Se
¥ e e e o e e o o e e e e o e e e e
' 1 argillite rich in po-py 32.7 . 20 16" 450
2 argillite rich in po-py 15.9 10 15 900
3 Zn=Cu~Pb (Frederickson N.) 42.5 10 - 42 500 N
4 "Zn-Cu-Pb (Frederickson N.) 38.5 20 19 250 ;
5 Cu-Ni (Frederickson S.) 35.2 70 5 030 .
6 Cu~-Ni (Frederickson S.) 25.0 50 5 000 -
e em e e e e e e e e G e e G v G G e e T G e e ) T - v W W - S e o — - " - — o
Analyst: D. Toye - Acme Analytical Laboratories Ltd
lower limit of detection S: 0;01%
\ ) ¥ Se: 1 ppm
\ L3
NOTE: K . . i ,
In order for sample 6 to equal the average value S/Se of the
Zn-Cu~-Pb mineralization (730 000) the Se value would have to
be reduced by 85%.  Thus even with an analvtical error of 20%
with respect to the Se value, the S/Se ratio would still reflect magmatic
values. .
' *
#...*
a o
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é.B.S Sulphur‘Isotopes .

Contamination of gabbroic ma;%as with crustal! sulphur
was proposed by Sullivan (1959) to explain the Cu-Ni“ deposits
of the.ghompson Belt. Later sulphur isotope studies invoked
tEis mechanism for a variety of gagbro—hosted' deposits
quril'sk: Godlevski and Grinenko, 1963; Dﬁlutg Complex:
Naldrett and Mainwarirg, 1977; Ripley, 1981; Rao énd Ripley,
1983; ?hompson and Naldrett, 1984; Ripley and Ayéwi, 1986;
Ripley and Al-Jaséar, 1987; Bushveld (Potgieéer;rus Limb):
Buchanan and' Rouse, 1984)&\ Early work on the Water Heni
deposit (Duluth Complex) suggested that sulphur was
incofporated into the Water Hen intrusion by thé.assiJZIation'
and mélting of local sulphur-rich. sedimentary rocks (Naldrett
and Mainwaring, }977). Later studiﬁﬁ of the Dunka Road

deposit (Duluth Complex) proposed that sulphur was transferred

to the melt as & vapour phase produced by contact metamorphic

* breakdown of pyrite in wall rocks and sedimentary xenoliths

(Ripley, 1981; Rao and Ripley, 1983).  In contrast, a study

of the Babbitt depdsit of the Duluth complex (Ripley and Al-

- Jassar, 1987) demonstrated that sulphur incorporation took

place in auxiliafy magma chambers at depth rather than at’the;

presently exposed level of the Duluth compléx. ]

N :}. .
Although fractionation of sulphur isotopes during
/

regional or contact metamorphism potenﬁially complicates the

interpretation of  sulphur isotopic data, metamorphosed
deposits are thought to retain their initial sulphur isotopic

ratios up +to amphibolite facies if there' is no change in

minefalogy (Ohmoto and Rye, 1979). However, experimental
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@ work by Kajiwara et al., (1981) dete‘ctgad significant sulphur
isotope frqctipnation during the thermal dgpomposition;.of
pyrite to pyrrhotit? and sﬁlphur at 600 C. In their study,
the initial sulphur vapour was 12 per mil lower than the
source pyrite,‘:andythe finAl pyrrhotite residue was enriched
by 4.5 per mil. These large degrges of fractionation Vare,
however} somewhat controversial Pecause of the high
temperature at which fractionation took place. Ripley and
Al-Jassar (1987) found no evidenge for such S-isotope

- fractionation between pyrrhotite and pyrite 1*n"the Babbit_t _gabbro-

{

In . the Frederickson Lake area, glomeroporphyritic
9

hosted deposit.

gabbros have intruded sulphur-rich sediments. In order to

assess whetfier mixing'oq‘magmati? and sedimentary sulgﬁsr

has occurred, the sulphu&\isotopic Eomposition of pyrrhotite

/ \ was determined for. pyrrhotite separates from
\\\glomeroporphy{itic gabbro-hqgsted Cu-Ni deposits, sedimentj

\Qosted . Zn=Cu-Pb deposits, :%d sulphide-facies iron formation
(ia%le ?). In addit%on the isotopic cémposition of whole

-

rock sulphur from the ordinary gabbro sills was meastred.

)

Six pyrrhotites from the Frederickson Lake South .Cu-Ni
had an average d S34 value of +3.7 per mil (Fig. 35).

Two pyrrxhotites from a disseminated.Cu-Ni sulphide occurrence,

500 m northwest and along strike of the main showing, had an

average d\§34 value of +19.6 per mil. Three pyrrhotité;nfrom

separate iocations at tﬁe Frdflerickson Lake North ~Zn-Cu-Pb
)

@ showing yie

ded a tight clustering of d S34 values at +9.2 per

/
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Table 9 SO .

Sulphur isotope ahalyses of pyrrhotite mineral separates from

the Fredeiickson Lake area i
) !
|
1 ) )l
« » \\ |
X * Sample Showing and Type . ' da s34 (+/- Ok2)
~ of Mineralization ’ \ |
- e o o~ o 2o~ o S " o o N — \_ ——————————————— r-...-_
’ N .\. "‘
Sl Frederickson S. (Cu-Ni) \ 3.4 pet mil
b . 52 Frederickson S. (Cu-Ni) _ \ 3.6
’ S3 Frederickson 8. {(Cu-Ni) 3.6
T sS4 Frederickson N. (2Zn-Cu-Pb) 9.2
§5 Frederickson N. (Zn=-Cu-Pb) _ 9.3
r 56 Frederickson N. (Zn-Cu-Pb) L\ 9.3
. S7 Frederickson N. (Po-Py) - 3.9
' 88 Secalar Lake (Po-Py) 2.4
Y ) S9 Gossan~1 (Po-Py e 4.1
510 Frederickson S. (Cu=-Ni) . 3.8
Sli Frederickson S. (Cu-Ni) . 4.0
, Sl12 Frederickson S. (Cu-Ni) - 3.7
S13 Disseminated Po NE of Frederickson S.(Cu-Ni)-18.9
;- Sla Disseminated Po NE of Fredericksan S.(Cu-Ni) 20.4
' s15 Ordinary Gabbro bulk rock sulphur . *2.2 +/- 0.5
| ¢ , ’ : .
B e e S eem e — e ==
~ ‘
.Deposit Type . average standard # of
. ) . value deviation samples
' Frederickson South (Cu-Ni) 3.7 0.2 6
Frederickson North (Zn-=Cu-Pb) ' 9.2 0.05 -3
. Sulphide-Facies Iron Formation 3.5 - 0.9 - 3
3.7 0.9 12

Menihek Formation§(Cameron, 1983)

¢

* Kiba extraction - higher analytical uncértainty is due to the
? low sulphur content of the sample

S1-S9 analyzed at Universite du éuebec a Montreal by C. Gariepy
(‘}i S10~-S15 analyzed at the University .0f Ottawa by J. St=Jean

/ \ ‘ 80
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Fig. 35 Sulphur isotope data from the Frederickson Lake
region and from other selected deposits. 1, 2 Mainwaring and

Naldrett (1977), 3 Godlevski and Grinenko (1963), 4 Ripley
(1981), 5 Eckstrand (1983), 6 Cameron (1983).
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The d 834 values of pyrrhotites fyom three widely

Regionylly, over a 77 km interval, the sulphide-facies iron
.0f the Menihek Formafﬁon has a similar average d S34
.7 +/= 0.9 pef mil (Cameron, 1983). A sample of
“ \

- bulk rock sulphur from an ordinary gabbro sill had a value of
+2.2 +/- 0.5 pdr mil.

The d S34 value of primary magmatic minerals in mafic to
ultramafic ro?ks depends-on the temperature and fO2 . of the
magma, but is believed to be between -1.0 and ,+2.0 . with an
‘average value .of fl.g per mil (Ohmoto and Rye, }9795.
ngever, magmatic sulphides in the BushVveld complex range from
-0.6 to +3.5 .per mil (Buchanan and Rbuée, 1984). By
cq?trast, sulphides within _the Wat;faHen“intrusion of the
Dﬁluth ‘Complex had an averaée d 534 value of +15 per mil
(Mainwaring and Naldrett, 19?7). Adjécent~sediments had an
average sulphur isotopic value of +18 per mil. Bécause of

—— . \

the extreme difference between the isotopic cCcomposition of

’

sulbhides in. the Water Hen intrusion,and the ideal maémapic

value of zero, a significant addition of sediment%ry sulphur

\

to the Water Hen intrusion could be demonstqated. In %he

Frederickson. Lake area, the value of +3.5 per mil for the

LY

probable assimilant (sulphide~facies iron formation) i too

close to the pos§ib1eyrange of natural maématic values ~ to

<+

conclusively demonstrate mixing. +The value of +3.7 per mil
] L\

for the Frederickson Lake South showing may reflect a minor
& '1 ,

¢

| .
component of non-magmatic sulphur.

) .‘ o

[
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Pyrrhotites from the sediment-hosted Zn-Cu-Pb showing

have an isotopic value (+9.2 per mil) which is 'significantly

i

higher than those from sulphide-facies iron formation of the

Menihek _Forﬁation (+3.7 per mil; Cameron, 1983). If the

former pyrrhotites are synsedimentary, the value of +9.2 would
reflett the isotopic composition of sujphur deposited on the
seafloor. The large difference in the 4 S34 values of the

sediment and gabbro-hosted deposits makes ft unlikely that

_both types of deposits formed as immiscible sulphide liquids,

¢

as suggested by qéurnier (1983). -

" The average d S34 value of +19.7 per mil for the small

LANSEN Vi ofn 5‘:11,
,,w\aissemi§;led sulphide showing in _glomeroporphyritic gabbro is

‘ . »
problematic. A .normal magmatic source can be ruled out, as

.

,can assimilation of sediment (even the Zn-Cu-Pb sulphide lens

e,

.
EEYLINR!
i PR

*

t A
only has an averpge value of +9.2 per mil).
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CHAPTER 6 DISCUSSION

,é'l Evolution of the Labrador Trough -.Upper Cycle II

Regionally} the Menihek Formation overlies shallow-
water shelf sediments. It was deposited following the
flooding of an epicontinental shelf Qedge during the second

‘major marine transgression identified in the Labrador Trough

(Cycle 1II). Wardle and Bailey (198l1) have proposed a

&

‘turpidite origin for the bulk oOf the Menihek Formation;

Baragar (%967)' eméhasized that both volcanic terrains and

basement gneisses were important in supplying detritus.
Within the Frederickson lake area, limited sediment

«

preservation precludes ‘a complete stratigraphic

reconstruction, although a few infereﬁces abpuﬁ the original

q

depositional environment can be made. The exéremely fine-

grained laminations preserved within the | sulphide-rich

- argillites ' indicate deposition in; quiet | water, The '

v

interlaminated sandstones and siltstone# are reminiscent of
distal turbidites, although complete Bouma  sequences with
grading and parallel laminations are absent. - The

compositional urity of the quartzite beds that occur with

)

the interlaminate sandstones and siltstones appears ' to

conflict with a deép water origin, although fine-grained

oy -

quartz sands from shelf environments conceivably could” have

been transported by mass flow mechanisms into deep water

settings (c.f.'Sarntheih and Diester-Haass, 1977). Limited

volcanism during Menihek deposition is indicated by the

presence of minor, ‘intermediate tuff horizons within the

84
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sandstone~-siltstone 1ayers and by thin basaltic flows in its

w

upper stratlgraphlc levels.

The Menihek Formagyon has been correlated with the

Doublet Group (Wardle and Bailey, 1981; F;hrhier, 1983). It

appears thattxhe Menihek Formation was deposited during the

13
3

transition of thé TLabrador Trodgh from a relatively deep
water, sediment- domlnated environment to a volcaqlcdemlnated,
environment. Baragar (1967) proposed that gabbro 51115 of
the "Monﬁaqnais Group are most 1likely -the subvolcanic

equivalent of the extrusive rocks of the Doublet Group. This

<

”relationship is supported by the chemical.similarity between

éabbroic chilled margins and basalts of the Menihek Fdrmation

(Figs. 25, 26). ‘

. ¢

6.2  Genesis of Glomeroporphyritic Gabbros

Glomeroporphyrltlc gabbroi\ are a minor - but consistet
4 @ ¢
component of mafic magmatic environments ranhging from Archean

g:eenstoﬁe belts (Green, 1975; Phinney and Morrison, 1982;

1984) to Proterozoic volcano-sedimentary belts ' (Baragar,

v,
LI 3

1967), , and modern ocean-flodr basalt terrains (Elowe}, 1980;

s

Cullen et al., 1in press). Nevertheless, their genesis is

. ' -3
poorly unperstood. Green (1975) and Phinney and Morrison

(1982, .1984, 1985) have suggested that these gabbros result

from the fractional cr&stallization of plagioclase from
T, b

primitive magmas at deep crustal levels.  Ashwal et akl

(1983) and Phinney and Morrison 1983) have pointed out a

possible genetic link between glomeroporphyrltlc gabbros and

v

anordhosxte complexes. . \ )
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Phenocrysts in the glomeroporphyritic gabbros are more

calcic than normative values calculated for the chilled
. , . .
margins (section 4.3). Such calejg phenactysts could have

been producedlgither from a more primitive mafic magma or from
a gabb;oic magma contéminated by containenta#l crust. Models
tfavouring . a parental magma of primitive compoﬁltion for
Archean glémeroporphyritic gabbros with calcic phenocrysts
have been developea 5§ Phiﬁsey and Morrison (1982, 1984, .

“

1985). In these models, 1it is assumcd.that primitive wmagias

. g they '
are trapped at the crust-nmantle boundary wheru/\frACt1onntod

Mg-rich olivine and ealcic plagioclase. Calcic pldgioctase

phenocrysts are later entrained an upwelling magmas. Such
- -

models are difficult to verify in the ficld becausce rhe

. % requisite mafic cumulates would have been retained at  low

levels ¢ 1n the crust fhat are not presently oxPosezv Calcic

plagioclase ‘phenobrysts (An 85-91.5) “whith are present in

h

MORBs may have formed in this manner (Wilkinson, 1982). The
occurrence of calcic plagioclase phenocrysts in oceanie

basalts far removed from continental crust (e.g. Ggiapagon

+

Archigelago;"Cullen et al., in press) suggests that such
[N ' -
phenocrysts can form in the absence of contamination by

J
3
.,

continental crust.

Assimilation of continental crust can effcct the  An

content of(plagioclase in gabbroic bodies by modifyiny the Al-

4 ' s
Si ratio” of the nmelt. However, model s favouring
e . .
assimilation - are constrained by the .small amount of

continental crust that a mafg#c magma can assimilate before
~

the latent heat of crystallization is consumed and the wagma

4
.

: ‘ i >
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solidifies (c.f. Bowen, ' 1928). It is unlikely that, thin,
subvolcanic glomeroporphyritid sills Gould -assimilate much

A , .
sediment, although assimilation is possible at deeper crustal
. N

-

levels.

.. , ] e
Figure 36 illustrates the effects of variable amounts of
6.- B

upper crusthl contamination on the REE pattern of the average

gabbro chilled margin liquid. + A composite sample of Post

’

!
Archean Australian Shales. (PAAS) w%§‘chosen as the assimilant

- (Paylor and McLennan, 1985) becaqse of its similarity to the

argillites of the Menihek Formation (F{g. 37). The
- ¢ ,
lowermost line on Figure 36 represents the average of gabhro

chilled margins and |basalts of the Menihek Formation but

t 3 j’
excludes LREE enriched sample J=19. _, Although contamination

of the gabbroic liquid by as little as 5-10% PAAS should be
H -
detectable using Luch a plot, there is no way ‘of verifying
] U ‘ . ht
that the liquid itself '‘was not previously contaminated.

The LREE enriched s*yple J-19 was taken from the same

glomero%orphyritic sill as sample J-8 (Fig. 29a) which has a

flat REE pattefn. It is unlikely that one portion of the’

chilled margin could ' assimilate greater than 10% of the

surrounding sediment. Thus,,vsample J-19 may reflect a

B

local, selective contamination of LREE; no other explanation is

obvious.

'The chemical similarity o% the glomeroporphyritic and
ordinary gabbro chilled marginsSin the study area and the
unlikefihood that the original magma could producevery calcic
plagioclase phénocrysts ~ suggest that such pﬁ%nocrysts may

- —
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Fig. 36 Diagram illustrating the effect of contaminafing
the average gabbroic liquid of the Frederickson Lake area with
upper continental crust. Upper continental crust is

represented by PAAS (Taylor and McLennan, 1985). The average
gabbroic liquid represents the average of gabbro <¢Chilled
margins (excluding LREE enriched sample J-19) and basalts of
the Menihek Formation. The Tines ]abel]ed 5% and 10% represent the
patterns which would result from contamination of average chill 1liquid ‘by
5% and 10% PAAS.
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Fig. 37 Th—La—Sc diagram (Taylor and McLennan, 1985). The
arglllltes of the’ Menihek Formation (X) plot within or close
to  the upper continental crust field. Two gabbro chilled

margins, but not sample J-19, plot close to oceanic crust.
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have ‘been  introduced, into. An ordinary ° gabbro  magma.
Subsequent, ‘clustering of phenocrysts _and their alignment

within thelglomeropgrgyynitic gaBbros sills may ffave resulted

-~
.

.’ R . . v
from magmatic. flow during sill emplacement. Growth rinms

»

. - ] - -
ardund plagjoclase glomerophenocrysts indicate:that tementing

of previously united phenocrysts took place during flow.

Negative Eu anomalies ‘for a glomeroporphyritic gabbro
~ N - , ' ) ’ "
chilled margin (sample J-8) and an anorthositic gabbro matrix

Aﬁﬁamble J=33) éuggesg an earlier phase of plagioclase

»

fractionation. The lack of a significant Eu-anomaly in the

- matrix‘of\thé glomeroporph&ritic‘gabbro (sample J-31") éugéests

.

IS

_/Hellancourt Group. . This suggests tpat.these gabbros werc

that the plagioclase glomerophenocrysts werd not. precipitated

from the matrix liquid,;buq were incorporated and concentrated
by mechanical processes. i v A “*u_’
Glomeroporphyritic gabbros ‘ofzﬁhe Labrador Trough'obcurg

at a specific stratigraphic horizon: the boundary between,

Cycle II sediments and the volcanics of the bDoublet-

~

produced auring a restricted interval in the tectonic
evolution of them‘Trquh. Models attempting to relate
glomeroporphyritic gabbros® fo tectonic parameters such ag
sbr?ading ;rates“have been proposed by Flower (]98p) and by
‘Cullen et al.; (in press). Flower has_suégestéd that the i
existence of thick oceanic cgust beneath slow-spreading ridges
would favour the ponding ’of\ magmas. 1in _lower * ¢crustal
reservoirs, wherein slow, unintqp}u}téd crystallization could

produce large calcic phenociysts. Cullen et al. (in bress)

at

believe that, the presence of thick,‘oceanic crust  would serves

1
@
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to' retard the upward movement of ‘calcic éﬁénocrysts; they

-

postulate that such phenocrysts form under,K thin oceanic crust,

and at slow spreading rates.

Wardle and Bailey (1981) proposed that the?exérusion of
the Doublet Group occurred in response to rapid rifting which

accompanied a second phaée of opening of*the Labrador Trough.

.

It is suggeéted here that prior to rapid rifting, mafic melts’
may have accumulated plagioclase glomerophenocrysts due to

extensive plagioclase fractionation at depth (Fig 38-1).

These melts were intrudéd»as glomeroporphyritic sills into the

o

upper stratigraphic levels of the Menihek Formation (Fig. 38-

«

2). Later rapid rifting led to short residence times for
new batches of gabbroic melF, which gave rise to éhe ordinary
gabbro sills (Fig. 38-35: In this fasﬁion[ a single paréntél
magm gype could pro@uce both glomeroporphyritic and ordinary

gabbros in response to different rates of crustal rifting,

without invoking deep-level crustal contamination. o

L4 \ -
6.3 . Genesis, of Cu=-Ni Deposits. 1in Glomeroporphyritic
Gabbros ‘

= -

The association Of Cu=Ni sulphide  bodies and

glomeroporphyritic gabbros¢«in thé Labrador Troudh is unusual. “ '
Many other gabbro~hosted Cu-~Ni deposits occur instead within'"

' P A »
the -lower mafic cumulate zones of differentiated intrusions

L)

(i.e.- the Sudbﬁryi and Duluth Complexes)\ln any deposit formed by
R ' S

2 N - N
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Fig. 38 Schematic diagram illustrating the transformation of
+the Labrador :-Trough from a sediment-dominanted to a volcanic-
"dominated environment. In (1) mafic melts are ponded at depth
before rapid rifting; plagioclase phenocrysts are produced at
this | time. The -onset of rifting (2) releases
giomeroporphyritic magmas to“a specific stratigraphic horizon.
Later rapid rifting (3) produces non-porphyritic magmas.
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sulphide/ liquid immiscibility, the availability and behavior

v ¢ ! -~ - v
of sulphur is critfcal. A brief review thigrefore follows on

v
t

:(:Z‘ ”8the//controls on sulphide liquid immiscibi it§ in tholeiitic

@

% A me/1t54‘ L & ' ‘

4 .
1]
i

»

| !
f Experlmental evidence indicates that ulphur solubility
¥ and temperature.

in 51/Acate melts 1ncreases with pressure

( : Most importantly), sulphur solublfity 1ntreases with the

v

ferrous ijron content of the @elt (MacLean, %1969; Haughton et
al., 1974; Buchanan and Nolan; 1979), probéj y reflecting the
_ tomplexing of sulphur w1th reduced iron in the melt. The
“ability of ' a fractlonatlng mafic melt to “achleve _sul?hur

sateration w1th1n a’ closed system depends' ifn sthe
crystalllzatlon history of its silicate and pxide phases. As
a maqﬁa fractionates,’.sulphur behaves 1neompat1bly, and. its
concentratlon- in the melt will inctease ‘until a‘ sulphur—

-
z'&“

béarlng phase appears. Initlal fractionation of tholeiitic

. melts 1is usuall§ controlled'by olivine and clinopyroxene,

. .
D

which removes minor amounts.of reduced iron (i.e. Stolper and .

" - . ¥ s

Waiker, ) 1980). When plagiéclage joins . olivine on the

;ﬁuldus, "the amount of reduced iron in the melt rises

4 s
[ G &

,Hrapldly to produce the iron-enrichment trend characteristic

va tholelltlc magmas., Calculations by Czamanske and "Moore

' ¢1977) suggest, that sulphide liquid immiscibility at  this |

e W,
-2,

stége is unlikely. A small increase in the ‘activity of

sllicé' during plagipclase' fractionation, which favoursg

Cimmiscibility (Irvine 19759, will be more than offset\by the

!
e

increase‘ in ferrous 1ron content of the melt, which 1ncreases

‘:; . - sﬁlphur‘ ~solubility. J/Thus, _ extensive | plag%oclase‘

L1 4



/

]

’

0

S N - 'n

S T

fréctionationy should ' inhibitos fggmer than favour sulphide

o

L4 ‘ -

- liquid immiscibility. EventﬁalLy, iron enrichment trends are

ﬁeversed by crystaliization of iron-oxide phascsy -at whfch
time an immiscible Epiphide‘phése may q{§o be produceg//ﬂ/) . '

: %lthough most tholeiitic magmas should be close to
su}phur saturation after first siage melting of the manplb

(Helz, 1927; McGoldrick, et al., 1979; Mitchell;dhd'Koays,

1'981; Rbedder, 198k; Wendlandt, 1982; Hamlyn et al., 1985) and
I 4 o R

upon emplacement _ into higher levels of the crust (Mathczj’

1976; MacLean, 19773; this does not imp1§§that large volumes

of immiscible sulphide liquids can be produced. Indeed, thq;

= ' .
the tow initial sulphur gontent ‘of tho%eiiteé‘~(300 ppm:

’,
©

Riné@o6a, 1966; 800 +/- 150 ppm at mantle source: Moore and

Fabbi, 1971) implies that even with fractionation, only small

amounts of sulphur will be available fo#‘liquid immiscibility.
- Lo : & .
Gross ' sulphur oversaturation may b® 6 required to_ produce

1

» .
immiscible sulphide liquids of sufficient volume to form uan

economic ore body (c.f. McCarthy et al., 1984). 0

_Because of the tendency of tholeiitic*melts to remain.

close to, - but not exceed sulphur saturation until late stages

of crystallization (i.e. the appeéraé%e of magnetite),‘ many
modelgi for the generation of Cu-Ni éeposits invoke the
addition of sulphur frémaexternal sources (dulliwan, .1@59,
Godlevski and Grinenko, l§€3;i Mainwaring and Naldrett, 19775
Ripléx, 1981; and'ThompSOn and Naldrett, 1984)12 . Such ﬁ;dels
are suppoited by sulphﬁr isotopic‘ data, which sugyest

"components of nonmagmatic sulphur. v

[
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. The low R-values, low metal grades and low Ni-Cu ratios

-

. ofs the Frederickson Lake South-showing suggest that sulphide\
(: . ’ { o
liquid immiscibility was a 1atg/btage event, which. occurred
- . within .the 'glpmeroporphyritic gabbro sills at’ high . crustal

levels. Fournier (1983) proposéd that _sulphide' 1iquid[

. imﬁiscibility toéiuplace in deep-level crustal magmaachambers
durifdg the bregibitation of pfagioclase‘phenocrysts. Sulphide \\
. , i
droplets .%were assumed to have adhered to plagioclase
: ) . .

. phenocrysts) causing them to sink, and concentrating both
) ' , . : ,
Do plagioclase and Cu-Ni sulphides. Fournier proposed that Cu-Ni

S

©

F 4 g ‘

éulphidég' apd plagioclase phengcrysts were later ~extracted

‘ frem the deepﬁleve}‘éﬁambers and emplaced into highgr crustal
o 1eve1é'as,sii1;¢ .

It is unlikely that sulphide {;quid immiscibility took '
~ place dﬁringﬂ plagioclase fractionaéion because plagioélasé -

- -« .

e k] i3 3 . . . '
fractionation would increase sulphur solubility. Even if the ,

4

immiscible sulphide 1liquid formed at*depﬁh, as proposed ° by

Fournier (1983), .74t would tend to separate from plagioclase |,

[ 4

\\ -
of their contrasting densities. Furthermore, the

beeause
early .productiyﬁt of a sulphide melt at depth 'would  _ have

allowed a longer period for equilibration of this mel} with a
® r ¢ - “
T «cq-exfﬁting silicate liqufd. As” discussed in section 5.3.2,
o ’ .
. this© would produce sulphide deppsits with high R values and
v . I o /4’ ’

“ . . ! . ‘
increased metal grades, and high Ni-Cu ratios. Thompson “and \
s - &

.

' Naldrett (1984) suggest that the grade of the Katahdin Cu-Ni - ‘

\ ‘ .
~s,deposit was diluted by late stage addition of crustal sulphur

duriﬁg emplacement of the gabbro host. Thué, although

( sulphur assimilation will increase the pfobability of sui‘phide

[
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liquid immiscibility, excess sulphur may lower mectal grades.
’ ’

Sulphur isotopic data from the glomeroporphyritic gabbros

-

5.3.5) sugdgests a contribution of non-magmatic

)

sulphur, although "the results are not ceonclusive. = _In the

(section

. Northern Trough, Cu-Ni* deposits within glomeroporphyritic

% ol ' ! 3 3 0 .
gadbbros have a more convincing non-magmatic. component, with

sulphur isotopic values up to 6 ger mil (Eckstrand, 1983; R.

Ware%? pers. comm., 1987). - In the Frederickson ﬂqke area,
sulphide-facies iron formation aajaceﬁt to the gabbro—hosted
cu-Ni deposits cogmmonly contains more than 40% .pyrfhotitﬁ,
althéugh the " original {ron;éulphide was . probAbly pyrite.
Previous argumentg suggeszﬂthat large voiumes of sedigent

were not assimilated by the high level glomeroporphyritic

5
3

sillks. Xenoliths of sulphide-facies iron formation at the
T . VT ' M
Connolly Cu~-Ni showing ' show no evidence of . assimilations

Nevertheless, it is possible that sulphur was volatilized' Erom

these xenoliths through the breakdown of pyrite to p{Trhotite
€ ' X

during contact metamorphism. Experimental studies show that

¢

this | reaction occurs at 743C, well below the liquidus

N

témperature of a gabbroic melt (Kullerud apd Yoder, 1959).

14

- Incorporation of sulphur as a volatile phase, without large

scale gelting of sediment or country rocks, ‘also has bhéen

proposed by Ripley (1981F for the Duluth Complex. Figurec
[ « ‘ ‘ - ..
39 shows the amount of sulphur that - can be liberated from the

©

métamorphic conversion of pyrite to pyrrhotite,' assuming that

all pyrite is converted to pyrrhotite plus sulphur gas. This

:diaggém indicates that the incorporation of 0.25% xenoliths

* also Mainwaring and Naldrett (1977) - - v
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Fig. K 'Diagram showing the maximum amount of sulphur'
which can be released to a melt by the metamorphic breakdown
of py:rite to pyrrhotite. Very low contents of sulphide-facies
iron formation xenoliths can release significant quantities of
sulpl\ar to the melt.
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containing 50% pyrite should release 500 ppm of sulbhﬁr-bo'tho
\ \ T

! -

melt, Experimentéi curves_of Haughten- et ql., (1974) suggest.

that about 1000 ppm ®sulphur  is .required to saturate -a

tholeiitic melt. Thus, incorporatigon of a Veﬁy small

Jproportion ofnsulphidﬁ-facies ironifQrmation into a tholeiitic

(2] )

3

melt, followed by volalitization of the sdlphur, could provide
enough excess-ghlphqr to ‘cause sulphide liquid immiscibil%gy.
Addition of sulphur by the contact metamorphism® of
a|k‘}?en‘oliFhs does not expgain why glomergporphyiitic gabbfos are
mineralized, aﬁd ordinary and anerthositic gabbros are barren,
g§§aﬂj.‘gabbros intruée the same sulphur~rich sediments.

However, the effect of sulphur incorporation in the thinner

o
-

glomeroporphyritic sillls would be greater because the

incorporated sulpﬁur would be diluted by lower volumes of

~ ,
M A
- LIk,

gabbroic magma. The glomeroporp%yritic, gabbros of the

~

Frederickson Lake region are an order of magnitude thinner

¢ than the ordinary‘gabBro sills (50 m versgs 500 m) .

~

The timing -of sulphide ligquid immisécibility is one &

factor affecting the’ patential~ of the glomeroporphyr}tic

gabbros_,to host platinum group element (PGE) minei;lization.

Rapid, late stage sulphide T'iquid’ immiscibility would not
y , hot

allow the sulpﬁide liquid time ;o— equiliﬁrate “with the

silicate liquid and concentrate PGE elements. This cffect

o

can be seen in tﬁ§ Babbitt deposit of the Duluth Complex, for

which early sulphide liquid iﬁmiscibility has heen proposcd.\

PGE “concentrations in ibe Babbitt deposit are four times:®

2

higher than in the Dunka deposit, for which late stage

immiscibility has been proposed (Ripley and'Alfﬁqssar, 1987).

@ ’ ’
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‘ .
6.4 Genesis of Sediment-Hosted Zn-Cu-Pb deposits

£

The c¢lose association of some sediment-hosted Zn-Cu-Pb

deposits with glomeroporphyritic gabbros has led to

speculation that they are genetically related to the gabbros.

Fournier (1983) proposed . two possible relationships between

Zn~Cu=~Pb debosits and glomeroporphyritic gabbros: i)
glomé;opofphyritié gabbro ;;gmas' produced 'Zn-Cu-Pb-rich
immiscible ‘sulphidé liquids, which were injected into
structurally favourable sites s&ch as gabbro-sediment

contacts; and 1ii) Zn=-Cu=-Pb-rich residual solutions produceq

from the cooliné glomeroporphyritic sill were injacted into
sulphide-rich sediments, where they reacted with sedimentary
sulphur to form Zn-Cu-Pb ;ulbhide deposits.

There arce several lines of evidence, however, that
conflict with these magmatic ‘models. Zn-Cu-Pb deposits,
aithough occurring close to the contacts of gabbro sills, are
always within -sediments; proximity to contacts may largely

A

reflect . the thinness of most sedimentary units in the

Frederickson Lake area . Furthermore, at éhe Frederickson
Lake North and th? Jimmiék Lake showings, the nearest gabbro
is of ordinary type. Thus, Zn-Cu-Pb deposits also occur in
the absence of glomeropofphyritic . gabbros. In addition,
studies of gabbro-hosted sulphide deposits formed by sulphide
liquid immiscibility indicate that these deposits ére
enriched in Cu and Ni but rarely contain 2n (Naldrett, 1981).

Those deposits that are enriched in 2Zn, for example the

Zenith mine (Kite, 1981) and the CObrazek deposit (Watkinson

©
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et al., 1978), are thought to repré§ent volcanogenif massive

suléhides that were mechanically incorporated into the magma

chamber as large xenoliths. Finally, Fournier (1983)

postulated that glomeroporphyriticogabbros could-give rise to

immiscible sulphide liquids of both Cu~Ni and Zn=-Cu-Pb types; .

the former in association with early magmatic cumulate phases,

and thet latter with residual magmatic phases. However, theto

is no apparent explanation for why these two independently

evolved liquids should ultimately form deposits 1n .glose

u

spatial association, and in particular why the Cu-Ni‘liquids

should remain trapped within the sills wherehs the Yn=Cu=-Pb
liquids are expelled to form replacement deposits in the
sediments.

These various factors, 1in conjunction with the S/S¢

ratios and sulphur isotope values at Frederickson Lake " North

[}

suggest that-sediment-hosted mineralization 1s not magmatic
i o
x

but syngenetic. More co%vincing documenta;ion of such an
origin is impossible due to the lack of exposurc. However,
a few broad inferences can be made based on :the regional
geology and on similar deposits found elsewhere,

On *a world-wide ' basis, most ’syngenetic base mctal

deposits hosted solely by sediments can be classified into

Cu-~rich and Zn-Pb-righ groups (Gustafgon and williams, 1981;

Russell et al., 1981). The Frederickson Lake North deposit
does not fall clearly into ,either. of these cjasses. Zn  and

Cu more commonly. are important ore constituents in Mmixed

¥ e

volcanic-sedimentary ' deposits .»(Besshi Type) or in volcanic-

dominated environment$ (Polymetallic*Type) (Hutghison, 1980).
3

P
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On the basis of depositional environment and associated rock
types, the Frederickson Lake Zn-Cu~Pb deposits appear more

similar to the Besshi type, which occurs in déep marine
‘ }

settings 'in association with tholeiitic volcanisms - The
occurrence of all three metals in the former deposits may in

°

part reflect -the mixed sedimentary and volcanic source rocks.

The polymetallic type’ by contrast, occurs in shallow water in
. X ‘

association with™ calc-alkaline to alkaline marine or
‘ »

continental volcanism.

4

A possible -énalogous deposit is present at
Ankarvattnet in,ﬁ'the Northern‘ Swedish Caledonidés. This
deposit is hosted by Ordovician calcareous turbidites which
have been dintruded by: thick, tholeiitic gabbro sills
(Sundblad, 1981). Stephens (1980) interpreted the regional
geology of the Ankarvattnet area in ferms of a rifted
coﬁtinental margin, similar to the model proposed for the
Labrador Trough , by Wardle énd Bailey (1981); The
Apkarvattnet mine (750 000 tonnes; 5.5% Zn, 0.45% Cu, 0.37%
Pb) is also similar in grade and tonnage to the Frgderickson
Lake North Deposit (279 400 tonnes; 4.38% zn, 0.77% éu, 0.50%

-

Pb). - In .the Scuthern Caledonides, the Roros distfict
contains « numerous Zn-Cu-Pb sulphid; deposits within a gabbro-
intruded metagreywacke sequence (Rui and Bakke, 1975; Sundblad’
and Stevens, 1983). A simi}ar gabbro—in%ruded sedimentary .
sequence characterizes the Ducktown district in the
Appalachi;ns‘(Magee, 1968& Gair andﬁgiack; 1980)

Sediments of the Menihek Formation appear to be partly
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coeval with more distal volcanism of the Doub1e£ Group
(Wwardle and Bailey, 19813  .Fournier, 1983). ° Pfior to
volcanism, basaltic 'magmas chambgrs_may have ‘existed which
increased heat flow within the sediments of the Cycle II
‘ basin. This would have;‘lea to circulation of heated
formationgl fluids;' which may have leached metals from the
sediﬁents. Structures such.as the Walsh Lake Fau££,~ Which
Dimroth (1972) proposed was ah orﬁginal basinal growth fgult,
could have been influential in focusing ‘the" discharge of
metal —bearing {fluids‘through the se91ments and localizing the
déposits. . If so, the common brecciated int;rvals with .
sulphide matrices’ in drill core from the Frederickﬁéq Lake
North showing conceivablf“\iould repé@sent ~ fault scarp
mineralization. UnfortunateDy, ‘stra;igraphic relations in
the study area hdve been disrupted by the intrusion of thick
‘gabbré sills, and | fluid pathways cannot be gghc?df
Nevertheless, the proximity of most Zn-Cu-Pb deposits in the
upper levels of the Menihek Formation to the Walsh Lake Fault
suggests this structure was influential in their formation.
' The closest modern analog of the Frederickson Léke agea

¥ +

can found in the Guaymas basin in the Gulf of California

]

(Einsele et al., 1980; ° Koski et al., 1985). High
sedimentation xates in the Guaymas basin have led tov burial of

a segment of the spreading axis of the East Pacific Rise.
. ' . - p
As a result, mafic magmas intrude into unconsolidated scdiment

as sills rather than forming normally layered oceanlc crust.

A

Sediment layers are 10 to 100 metres in thitkness (Einsele ct

al., .'1980), a range similar to that of the Fréderickson Lake

?
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~

Sediments

in contact with theqsills have been alterea

- R

-

=

by the circulation of pore water fluids driven by the heat of

the gabbro sills (Kastner, 1982).

deposits

seawater

interface as

seawater (Peter, 1986).

]

fluids at 200-300°C

"

¢

Polymetallic sulphide

(po~py-sph-cpy-gal) are forming at the sediment-

discharge into

-
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.plaée &t depth. This is also supported by the textures of

‘e,
. . i
CHAPTER 7 CONCLUSIONS -

t
Although the metallogeny of the Frederickson Lake area

remains problematic, arguments.presented in this §pudyr allow

modifications to be made ﬁg‘previous models,, as well as

allowing cons@raints to be placed on the genesis of

glomeroporphgritic gabbros. _The calcic plagioclase

glomerophenocrysts of ﬁhelglomeropofphyritic gabbros could not
4 " -

have been precipitiated from the liguids in which they now
o

reside, which suggests that plagioclase precipitation took

‘:  glomeroporphyritic gabbros which show that plagioclaée

glomergphencrYsts were ~“only concentrated in the high level
glomeroporphyritic sills. © It is speculéte% that prior to

rapid rifting, léss evolved mafic magmas underwent prolonged\

fractional  crystallization at‘hgepth to produce calcic

.

plagioclase phenbcrysts. Later rapid rifting released

glomeroporphyritic magmas _ to a specific ,near-shrface
{ .

stratigraphic interval. Continued rapid rifting, which

-

limited the « residence times of magma at depth, Ted to the

\ -

formation of ordinary gabbro sills. Such a model therefore

rélates glomeroﬁbrphyritic‘gabbros to tectonic factors. ’ As
such, the assimilation of continental crust is not required to
exbléin the genesis of the —plaéfoclage glomerophenocrysts,
althbugh'minor assimilation would be undetectable.’

o Cu-Ni suilphide ' deposits occﬁrring ‘ _wifhin
glomeroporphyritic gabbros ;re interpretéd as magmatic

deposits’ formed by sulphide liquid immiscibility. The average

suiphur isotopic composition of pyrrhotites from the
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Frederickson Lake South Cu-Ni showing (ﬁ3.7 per mil) is

consistent with ‘a component of non-magmatic sulphur. Low

- .7 . N, . . . 3
‘: ' » . metal, grades,which reflect low magma/sulphide ratios, suggest

kY

that sulphide 1liquid immiscibility took place_*within high-

level sills rather than within gabbro magma chambers at depth.

The contact metamorphism of sulphide-facies iron formation.
could hayeOprovided enough sulphur to saturate the melt and
induce sulphide liquid immiscibility. The exclusion of Cur~Ni

deposits from anorthositic and ordinary gabbro sills may

e

reflect the dilution of any incorpbrated sulphur by these

thicker sills. o R S
. - -~ rd -

®'he 2Zn-Cu-Pb deposits of the Frederickson Lake area , are

-

7 _ s
. interpreted as synsedimentary in origin, rather than magmatic.

This'1is supported by the occurrence of these deposits in
sediments of the Menihek Formation én& by arguments relating
to the inability of gabbroic magmas to segregate sulphide
liquids enriched in lead and zinc: Metals ﬁay“have been
écquired during circulation of-~ he?ted formational fluids
through sediments prior to and:’ during the ' high: 1level,
: 'synSedimentéyy }ntruéion of Montagnais'Groupxsills{ fasts may
have focused digéharge of these fluids on the. seafloor to
prdd%ce syngenetic massive sulphide deposits. Later gabbro
’ N " sills invaded the sediments of the Menihek Formation, further'

s . ; L]
‘enclosing the sediments and sulphide deposits within a

]
sequence‘ of. thick gabbro sills. The _sulphides seem to
fepresentv an uncommon class of syngenetic, .sedimeﬁtﬁhosted
deposits enriched in 2Zn-Cu-Pb ‘that form~ in. deep water marine
‘: V settings during tholeiitic volcanism.- | )
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%PPENDIX 1 Chemical Analyses

)

J ’ 99391 99392 99393 99394 99395\ 99396 9397 99398 99399 99400 99401 95402

1

- ) -Gebbro Gaebbro Gabbro Gabbrao Gebbro Gabbro Gabbro Gabbro Gasbbro Gabbro Gabbro Gabbra

2ZIZZ ZZBSE TITTX IRSITT | SIREZT ZIBIZ SRIRZ SZEXS SIIZS ITIRR XJ=2IIT 2IES
$i02 48.6 4B.5 49.2 50,3 49.3 49,4 47.1 45.7 49.6 4B8.6 4B.7 48,7
A1203 12,7 11.8 13.3 12,2 1.9, 1.6 IL.9 12.1 133 144 15.8 16.2
N Fe tot 14,5 16.5 14.5 15.9 16,9 17.8 18.9 18.8 13.4 155 12.8 12.1
Mgl 6,63  6.04 6}.14 6.10 6.04 4.68 5.61 6.07 ‘ 6,26 5.12 5.8 4.77
Cal 8.49 B8.22 8.70 7.81 8.25 B.09 9.47 9,57 9.29 7.62 8.16 10.2
i Na20 2,53 1,75 2.50 2,13  2.44 2,26 2.08 1.93 277 &0 309 2,79
- K20 0.18 0.}5 1,32 0.06 0.21 0.18 0.41 0.49 0,57 0.11 0.67 0.70
' Ti02" 1,39 1.86 1.51 "1.74 1,82 2,41 1,99 2,06 1.32 1.49 1.20 1.16
MnD 0,22 0,20 0,19 0.21 0.21: 0.22 0.23 0.23 0.20 0.17 0.16 0,16
P205 0.11 0.1 0.2 0.15 0,13 0.6 0.0 o0.08 0.09 0.3 0.09 0.10
LoI 3.16 - 3.06 2,73 3.2 2.85 2.62 1.99 2,16 2.46 2,74 2.63 2.3
B Total 98.5i 9%.22 ive: Al 99,72 v oS qqd2 218 Q9.9 9.2k 99.58 AL e S
) Ba 38- 22 6 142 30 112
Be . 3 2 3 3~ 2 2
Cd ’ nd nd nd nd *nd nd
” © Ce 22, 24 24 \ 19 19 13
Co 51 50 53 62 49 40
Cr 19 30 12 10 25 18
Cu 224 78 . 23 407 18 199
Dy 9 a 9 6 é 5
' Eu 6 6 6 6 5 4
La , 5 6 36 nd 6 7
. Li 17 14 10 10 6 8
Mo nd nd nd . nd nd nd
. Nd 105 115 . 130 105 100 — R -
. Ni 49 \ 54 37 86 51 > 51
Pb } nd nd nd nd . hd nd
Pr nd ' nd nd nd nd " nd
Sc 48 49 ( 48 54 44 42
Sm ) nd nd ’ nd nd nd
o ) 500 457 616 963 418 342
In . 85 ° 72 . B4 68 87 61
Ga . * 20
Nb , ' 5
- Rb . - 6
Sr 120
Ta L nd
Th 3
U ' .
Y - 39
Ir 130
v 4
Q Gabbra = Montagnais gabbro

{ i P

‘major elements in wt% trace elements in ppm nd:not,detectgd .

. el

blank epace=not enelyzed
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APPENDIX 1  Chemical Anslyses

99403 99404 99405 99406 99407 99408 99409 99410 99411 99412 99413 99414

Gebbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbga Gabbro Gabbro Gabbro Gabbro
Chill Glom Glom Glom Glom

o e e v
11

$102 48,7 49,1 4B.1° 48,0 47.2 45,3 47.8  47.7. 46.6 4T.1  46.2 44l
A1203 115 15.3 15.3 17.7 17,3, 916.9 16.6 13.6 19.2 146 4.8 136
Fe tot 14,9 11,8 11.0 8.0 8.2 11 12,8 14.6 9.8 13.2 141 I16.3

- o Yo e o o S w  wawmet e - - smm=s - -

Mg0 8,88 5.85 6,79 5.85 7.45 8.50 7.96 ‘7.50 '5.61 832 9.49 9.77
Cal0 0.0 10.9 11.8 12,1 12,8 9,59 10.7 9.5 1ll.4 9.64 9.78 B.28
Na20 .44 2,34 9.89 2,52 1.92 2.28 2.04 2.11 " 2,16 2.16 1.35 1.29
K20 . 0.24 '0.44 0,30 0.72 0,50 0.30 0.16 .01 0.85 0.18 0.15 0.13

Ti02 100 1.15 0.0 " 0.73 0.68 0.82 1.07 1.18 0.90 1.13 0.97 0.98
¥Mn0 ©.22 0.18 0.16 0.13 0.3 0,17 019 0.28 0.4 0.19 0.18 0.16
P205 0.07 o0.08 0.07 0.06 0.04 0.12 0.09 o0.08 0,08 0.10 0.08 0.08

LoI 2,59 2,13 2,54 2,49 2,40 3,31 1.65 1.89 3.35 2.93 2.65 3.92
Total 99.5¢ 99.2) Gg.45 a%3> 9§41 93,39 Qq,0L 949.25 s00:2F 99,55 9975 9.6 (
Ba 88 159 ‘ 44 -le8 136 54 34 34
Be 1 1 ’ _ 17 2 11 S |
Cd. ) . nd i nd nd nd nd nd nd nd
Ce 13 10 . 11 13 11 13 12 14
Co 40 31 55 55 42 53 69 120
cr . 39 250 . 96 200 49 240 67 47
Cu 187 , a2 o 134 203 133 286 247 1400
Dy 4 2 4 5 2 13 3 3
Eu 4 3 <4 4 3 4 6, 5
La : ) 2 3 : nd. ~ 4  nd 2 4, 9
Li , 6 1 s 10 9. 4 7 13
Mo ’ nd nd nd nd nd nd nd, nd
Nd 70 50 © 70 70 75 70 65 65
Ni° . 66 7 199 154 155 190 321 593
Pb nd . p nd nd nd nd nd nd nd"’
Pr nd® nd nd ‘nd nd nd nd nd
Sc 47 4o Y 45 29 36 28 28
Sm nd nd nd nd nd nd nd nd
v 327 217 332 374 269 320 248 256
Zn 53 . 39 60 117 70 71 97 74
Ga 19 _ 18 15
T Nb : nd nd nd(
Rb 10- 6 5
Sr 150 ) ) 140 95
Ta i 9 . ' . . nd 5
Th “nd ) . ’ 5 8
u _nd . nd 3
Ty 22 » 19 \ 19

r "85 ‘ % 63 -

Gabbro-= Montagnsis gebbro  Gabbro Glom = gl&neroporphyritic gsbbro  Chill = chilled margin
major elements in wt% trace elements in ppm nd=not detected blank sﬁace:not anaiyzed

1-2
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APPENDIX 1 Chemical Analyses

-
Y

_ 99415 99416 99417 99&;‘8 99419 ‘99azo T 126 127 129\. 129 130 1n
Gabbro Gsbbro Gabbro Gabbro Basalt Basalt Basalt Basalt Basalt Volcan Volecan Volcen
+ Glom Glom Glom Chill Menih Menih Doub Doub -“Doub Murd_. Murd Murd

----- - - - - - ———— - - - - o an - - Lumns sEn=s SEaEcx - oo 0 o -
amenka, wesad amaaw -

$i02 45.2  45.0 47.4  47.6 4B.7 46.4  49.5 46,3 4B.2  47.4 44,0 45.)
Al203 . 18.1 15.5 13.8 14.0 13.5' "l4.1 4.6 13.8 13.2 1.7 9.4 13.6
Fe tot 12.4 12.6 15.8 13.0 13.5 14.7 12,3 13,9 13,7 12.8 - 18.1 15,3

Mg 7.47 8.16 7,27 7.64 6.79 7.42 6.51 5,73 6,13 10,3 11.0 8.18
Ca0d 10,3 ;1.0 8.57 10,7 10.1 8.78 ‘10.2 10.7 114 6,97 7.62 4.3]
Naz20 . 1,50 *1.41 1.99 1.69 1.90 ¢ 2.65 2.70 1.8 1.11 3.60° 3,04 4.2
K20 0.35 0,38 0.46 0.40 0.31  0.16 0.06 0.12 0.07 0,20 0.11 0.0
Ti02 0.77 0.88 1.15 1.09 1.38 1.33 1l.19 1,51 1l.21 2,34 3,79 3.65
WD . 0.3 0.15 0.24 .0.19 0.20 0.20 0.16 0.19 0.15 0.15 0.11 0.(58\
P205 ° 0.05 0,06 0.11 0.08 0.11 0,10 0,11 0,12 0,08 0,17 0.31 0.45
Lo1 3.43  3.00 2.79 2,72 2,72 331 2,08 4.91 4,38 2,48 2,42 2.60
Total <9970 98¢ Q9.S% A0 99.2 9945 4 QUIT Q4.3 9g0 9.9 99 7k,
Ba 62 46 42 40 158 . 50 17 - ‘ .
Be ¥ 1 1 1 2 1 1
cd rid nd 1 nd nd nd  nd
Ce 11 12 12 . 15 15 15 .15
Co L 13. 61 66 49 40 47 40 )
Cr 36 180 270 280 270 290 240 "
Cu 1000 939 - 303 . 95 133 137 42
Dy 2 2 4 .4 5 4 4 , ,
Eu 4 4 4 4 4 5 PR ¢
La 3 5 10 5 4 6 3 ’
Li 14 9 10 13 19 6 [
Mo nd nd nd nd nd nd nd
Nd 55 65 75 75 90 B85 70
Ni 417 411 118 168 .+ 95 108 9%
Pb nd nd nd _ nd nd, nd nd )
Pr nd nd nd nd nd nd  nd , )
Se 29 30 45 44 46 46 46 -
Sm nd ngd nd nd nd nd nd
"y 200 . 248 343 w8 391 381 348
In 69 86 314 91 76 83 84
Ca 21 16 19 17
Nb _— nd 3 nd , nd
Rb 27 - 1k 5 nd .
-Sr 87 210 97 130 ’ , !
Ta nd nd nd nd
Th 5 5 8 5 o
- v nd 4 ad nd ¢
Y 19 2 25 2 ,
2r L. 65 87" 83 75
- 't
3
Menih = Menihek Formation Doub = Doublet Formation Murd = Murdoch lormation
‘ @ 1 v
_major elements in wt% trace elements in ppm nd=not dstected blank spacesnot anslyzed
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APPENDIX } Chemical Analyses

i

+132 133 131{ 135 20464 20465 20466 20467 20468 20469 20470 20471
Volcan Volcan Volcan Volcan Cu-Ni Cu-Ni Cu-Ni Po-Py Zn-Cu In~=Cu Po~Py Cu-Ni
Murd Murd Murd Murd Ffred S Fred S Gos-1 Faute Fred N Jimmic Gos L. Conn

-

- e e s - 114 T P 1

5102 42.1 42,3 43,0 39,3 ~

A1203 7.3 7.1 1.5 1.8

Fe tot 14.3 13.3 13.8 16.5

Mg 19.7  21.2 18,3 20.1 }

Ca0 8.58 7,93 9.13 8.05

Ne20~ 0.21 0.12 0,30 0.12 {

K20 0.05 0.02 0.03 0.02 [‘
1102 2,06 1,57 1.87 1.77

Lol 4,73 5,12 442 5.47
Total 44.35 9£.93 4o 99.45 .
Ba 7 26 4 - 62 56 17 18 10 36

Be 2 nd nd nd 1 ‘nd nd l . 3

Cd ' nd nd 4 nd 4 175 8 nd 1

Ce ) 50 3. nd 6 19 27 nd 36 38

Co 92 279 93 120 38 35 .91 24 50

Cr . 2300 77 nd 330 31 4 - nd 45 48
“Cu ‘ , 269 6000 41900 3000 563 2600 4600 208 235

Dy 3 5 3 5 4 9 . 1 7 4
Eu 5 7 16 4 . 14 7 10 5 B

La ' 95 2 nd- 3 17 18: 394 13 27

Li o 13 10 nd 12 - 6 19 2z 9 6 -
Mo - . nd 'nd 5 nd 22 59 4 nd 25
Nd ‘ 110 nd nd . 50 nd nd nd 60 35

Ni 1000 2300 8100 1200 256 . 38 33 36 186

Pb \ ' nd. nd nd nd 59 7700 36 nd 17
Pr ) nd nd nd nd nd nd Ad° nd nd

Sc + 29 18 3 36 8 9 .2 13 10
Sm “nd nd nd nd nd nd nd nd nd
v ' 293 103 83 280 99 169 . 156 352 !
n - B 46 129 119 92 76 >3 1600 Bl 6l

\

Ga : , T ] 25 230 44 11 20
Nb : \ - 31 13 22 5 54
Rb T ' . % 5 nd nd 3
Sr 3 3 nd 3 4
Ta ‘ " nd nd 9 .nd nd
Th . : : 7y nd 7 1 10 °
u ’ 13 nd 'nd nd . 7

Yy - . - 11 7 nd 20 18
v . ; 56 76 8 61 180

;8

Volean = volcenic rock Fred § = Frederickson South Showing Faute = Faute Showing
Gos-1 = Gossan 1 Showing Fred N = Frederickson North Showing Conn = Connolly Show%ng
Gos L. = Gossan Lake Showing Jimm = Jimmick Showing

major elements in wt%¥  trace elements in ppm ndanot detected blank space=not analyzed

1-4 !



APPENDIX 1 Chemical Analyses

% p—

200 201 202 203 y 204 205 11 712 713 N4 118 716
Gabbro Gabbro Gabbro Gabbro Gabbro Tuff Argill Gabbro Argill Gabbro Argill Sand.
Glom Chill Thill Chill Chiil Menih Menih Chill Menih Chill Menih Menih
-4 SSISS RISSE BERER Rz=== sax=s SEAR2  EXRRE m=E=R= ==3k== }-2-+-+1 4441

1 49.5 43,4 59.8

4 1.8 6.0 15.4

- «6 140 3.5 12,7
M0 6.09 6.97 3.00 7.49 6,02 3,32 2,92 7.48 9
]

W49 746 37T 2.38
Cad 9.90 9.32 0.89 B8.68 550 0.07 0.20 5,83 0:9:.8.62 150 0.31°
Na20, 149 3.2 L4 2.94 2,00 0,30 0.50 2,85 2.50 , 2,21 079 2.20
K20 0,09 .0.18 0.04 0.63 0.73 2,68 2.14 0.79 0.30, 1,84 0.06 3.75
1i02 0,95 1.22 0.32 1.30 178 0.38 0.70 1.30 .52 123 0.57 0.3
Mn0 0.18 0.32 0.09 0.30 0.5 0,32 0.26 0.40 0.10 0.38 0,28 0.10
P205 0,07 "0.07 0.15 0.09 0.6 0.03 0.15 0.07 0.07 0,08 0.2 0.05
Lo1 4,41 2,04 8.08 1,85 3.61 4,45 8.12 3.03 B.41 205 6.08 3,02
Total 9%.2% qq.\% G%:%1 100.3F Jos Ml fo0r05 jov.]9 /oa:%’_qq L¥ 10017 gov,0) /ou,u,\’, K
Ba 64 41 10 138 213 683 95 360 36 400, 17 443
Be - nd nd 1 nd 1 1 2,:ind v 2 nd 2 "3
Cd nd  nd 1, nd nd nd nd nd nd nd - nd nd
. Ce 2 5 2; 6 11 25 77 22 % 22 57 48
Co 136 4177 ENET 25 49 5 190 34 51 40 - 3 16
Cr 270 210 753 200 95 71 nd nd' nd nd nd nd
Cu 6600 B4 382 76 228 252 266 57 231 70 140 50
Dy 6 9 5. 9 13 5 - nd nd nd nd nd nd
Eu 6 4 10 4 5 . 4 4 1 4 2 2 1
La 5 4 nd 4 10 .16 40 nd 40 nd 30 22
Li 11 9 21 10 28 26 11 18 13 9 7 14
Mo nd nd 26 nd nd nd 15 nd 22 nd 9 8
Nd 65 95 nd 95 120 35 40 50 30 55 30 30
Ni 1406 110 129 71 112 20 B8 103 158 1l 61 - 90
P nd nd -732. nd nd gnd 22+ 46 22 nd 15 nd
Pr nd nd nd nd nd nd nd nd nd nd nd nd
S¢ 46 51 12 sz .52 .9 | W 41 12 4 13 12
Sm nd nd’  nd nd nd nd nd nd nd ,nd nd nd
v 275  ¥6 300 387 450 113 | 184 390 226 3L 22 297
In " 188~ 6l 8 99 132 234 45 103 60 81 50 195
124
Ga 25 14 40 16 33 18 23 . 20 22 21
Nb . b nd 14 \ 3 3 nd 20 nd 13 4
Rb nd 5 nd 61 |77 28 15 71 6 100
Sr 180 62 nd' . 28 10 110 6 140 12 15
Ta 16 nd - nd nd  \|nd nd- nd, 5. nd nd
Th & 7 '10 14 12 7 8 5 5 21
u nd nd 9, i 5 .18 4 9 nd nd 8
Y 15 16 ° . 8 21 26 14 24 by 13
Ir 66 68, &8 61 40 79 .91 76 77 . 87
Argill = argillite Sand = sendstone i
‘ major elements in wt% trace elements in ppm ' d=not detected blank spaceznot analyzed
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717 718
Sand.

\ S2TZZT REZIERS
S102 74.8 49.1
A1203 14.0 14.3
Fe tot 3.9 13.4
Mgl 1.62 6,72
Cal 1004
Nae20 ' 0.13 1.98

. K20 3.64 0.42
- 7402 0.40 1.43
MnO 0.19
P205 0.04 0.10
Lol 2.73  2.60
Total iot -2k oo
Ba 703 118
Be nd nd
cd nd nd
Ce 37 27
Co 4 50
" Cr nd nd
Cu 61 149
Dy nd ° nd
Eu nd 2
La 26 15
‘L 10 11
Mo nd nd
Nd nd 45
Ni 14 93
Pb 15 nd
Pr nd nd
Sc 10 43
Sm nd nd
v 70 380
in 21 93
Ga ' .20 21
Nb nd nd
Rb 120 16
Sr 10 160
Ta 5 nd
Th 21 9
u 4 3
Y 13 27
Zr 240 88

" APPENDIX 1  Chemical Analysés

VR

e

719 720

721

722

-

.723
Basalt Gabbro Basslt Basalt Basalt Basalt Basalt Gabbro
Silt Menih Chill Menih Menih Menih Menih Menih Chill .

- o -
-

724

725

-----
-----

54,3 48,0 51.00 48.9 49.2 48.3 49.0
12,8 13.6 -13.6° 13:9 1:4.0 13.7 14.0 J
1157 13.9 13,5 13.6 12.2 6.5 15.1
624 B8.08. 6.12 6.83 6.65 6.85 6.82 /
5.00 5.8 9.29 10.7 10.3 8.26 7.98
2.78  2.84 3.41 2.00 1.85 1,13 2.60 ]
0.1} 0,51 0.07 0.65 0.17 0.15 0.60 - |
0,39 1,26 1.13 1.29 1.20 1.20 1.29
0.21 0.22 0.19 0.21 0.21 0.25 0.23 |
0.07 0.10 0.09 0.08 @©,08 0.09 0.10 |
7.642 6,29 -2.846 2,45 96 3,26 2,42
184 ol joubo joray 1906l q3. %2, 49.69 (oo (\-( |
27 123 26 208 77 46 ~ 206
2 nd nd nd nd nd nd
nd nd nd nd nd .nd nd
29 22° 23 26 26 26 27
.13 29 55 38 41 40 43 -
nd nd nd nd nd nd nd .
25 127 165 143 185 32 217
nd nd nd -..nd_ nd nd nd .
1 2 2 .2 2 2 1
17 nd nd nd nd nd nd-
31 31 8 7 6 11 8
nd nd nd .nd _nd nd nd
25 40 45 30 40 60 45
37 105 112 102 107 106 98
nd nd nd nd . nd nd nd \ -
nd nd nd nd nd nd nd
9 40 39 43 43 41 43 i
nd nd nd nd nd nd nd
174 398 359 383 374 355 315
62 106 69 68 169 108 98 ~
20 18 nd 24 13 19 2 ‘
nd nd nd nd nd nd nd -
3 15 21 8 4 18 ‘
23 70 230 130 1307190 |
nd nd nd nd 5 5 ‘ .
13 6 5 7 8 5 W
3 nd 3 4 - nd nd
13 B 25 25 25 27
6 8 7180 89 8l e

-«

)

Sand. Silt = finely laminated sandstone-siltstone

<

major elements in wtX

-

trace elements in ppm

1-6
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nd=not detected

)
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blarik spacesnot analyzed



APPENDIX 2 Analytical Techniques and Precision of Chemical Analyaes

note: for some elements precision varies-with concentration
LLD = lower limit of detection

e °

.Element ‘ LLD Precision Method .
Conec ' T o= E R
$i02 ’ 0.10% 63.0% 0.8% XRF
49.0% 0.9% XRF
39.0% 0.9% XRF
A1203 0.02% 2.0% XRF
Fe203 0.10% 12.0% 2.0% . OXF
' 10.0% 3.0% XRF
6.0% 4.0% XRF
Mg0 0.10% " 20.0% 2,08 XRF
) 9.0% 2.0% XRF
5.0% 3.0% XRF
Ca0 0.02% 2.0% XRF
Na20 - 0.10% 5.0% XRF
K20 0.01% 5.0% XRF
" Ti02 . 0,01% 2,0% 3.0% XRF .
' : -045% 5.0% XRF
MnD 0.01% ! 0.2% 6.0% XRF 4
- QXN 14,0% XRF
P205 0.01% 10.0% XRF
Lol 0.10% . 4.0% Gravimetric
Ba 1 ppm 130 ppm 8.0% ice
150 ppm 5,0% ' Ice —
420 ppm 6.0% Ice
IcP
Be 3 ppm 24.0% 1cP
cd ' 2 ppm 74.0% ICP
Ce . J ppm 20 ppm _11.0% IcP
. 50 ppm 8.0% ICP”
Co 2 ppm 20 ppm 8.0% Icp
40 ppm T 7.0% Ice
100 ppm ~ 5.0% IcP
Cr 2 ppm 12.0% IcP
Cu 1 ppm 30 ppm 7.0% e
' 70 ppm 13.0% 1cp
Dy ) " loppm »2ppm,  50.0% Ice
o . 20 ppm 12.0% 1ce
Eu 1 ppm 41.0% ° ICP
La . +2 ppm 10 ppm 15.0% Ice
' 40 ppm 11,0% 1cp
S 90 ppm 12.0% IcP
Li/ © 1 ppm 10 ppm 9.0% Icp
% . - :



¢ |

Element LD Precision * Methad

! . . Cone +/=
SERERErESRsstnnnEsnTenss - =2=== 4 =44 SEZESR
20 ppm 11.0% (3
' Nd 25 ppm 40 ppm 20.0% ICP
) 150 ppm 1\;.0% 1cP
M 1 ppm 10 ppm 38.0% IEP
\ 70 ppin 8.0% Icp
| A - 2300 ppm 6.0% R ()
P 12 ppm 30-ppm . 22.0% 1cP
/ Pr 10 ppm (ICP
| Sc 1 ppm 20 ppm 6.0% : ‘EP
. ! T . 60 ppm’ - 6+0% Ice
. , . b sm 2 ppm 25 ppm 26.0% 1ce
. ‘ v 2 ppm 50 ppm 11.0% IEP
’ 100 ppm 5.0% . IcP
°© 250 ppm 7.0% IgP
Yo In .2 ppm 60 ppm 15.0% 1ce
. ~% \ 100 ppm 7.0% IcP
o 150 ppm 11.0% IcP
e Ga 3 ppm 20 ppm 15.0% T {2
30 ppm 13.0% XRF
‘ . Nb 3 ppm - 10 ppm 30.0% XRF
S ' . 25 ppm 20.0% XRF
i o . Ab 3 ppm 15 ppm 10,0% | XRF
35 ppm .04 XRF
o . 90 ppm 4.0% XRF
160 ppm ~ 4,0% XRF -
_Sr . 3 ppm 4,0% XRF
Ta 5 ppm XRF
Th 3 ppm 5 ppm 30.0% XRF
. . , 30 ppm 12,08 XRF
B , u 3 ppm . & ppm 30.0% XRF
Y . 3 ppm 10 ppm 30.0% o~ XRF
40 ppm 10.0% XRF
N - 60 ppm : 6.0% . XRF
P Ir 3 ppw 40 ppm 10.0% XRF
‘ . 200 ppm 4,0% XRF
Au 15 ppb 30 ppb 50.0% AA
’ 100 ppb 25.0% AA
, 200 ppb 10.0% - AR
Pd 0.07 ppm 0.13 ppm 40.0% AA
_ 0.73 ppm 10.0% AA
T Pt , 0.07 ppm AA
. Rh 0.03 ppm “ - AR
¢
; . '
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APPENPIX 3 Lead Isotopes
L ad,‘isotopes potentially can be used in, metallogenic

studies to.determine the age of mineralization and the source

of the|lead (c.f. Franklin et al., 1983; Gulson and Porritt, =

o

1987; | Gulson et al., 1987). Sediment-hosted Zn=-Pb deposits
such as Broken Hill, Mt. Isé,'McAfthur River and Sullivan plot
élose to the single-stage growth curve for lead on
conventional PS isotopic plots (Gustafson and Williams, 1981).
Héwéver, dating these deposité by other techniques has

reveale that the lead dates afe inaccurate, and it is now

4

recognized * that single-stage growth models represent an

oversim lication of lead isotopic evolution (op cit.)s Ore
leads firom conformable, syngenetic deposits do not,iepr@gent

unmodified mantle.values: because of their prior involvement

. 7 N i
in sedimentary or' volcanic processes, such leads may

represent mean values for lkarge crustal segments (Albarede and

Juteau, 11984). Multié&age models such as those of Stacey and

‘..)0

Krammers | (1976), and Doe and zartman (1979) have been
developed| to account for mixing 1in crustal andﬁ%@aﬁilu
reservoirs, but sucn models involve assumptions that cannot be'
directly verified. . W
Nevertheless, Pb isbtopes were determined for a suite of
samples fLom the Frederickson Lake reéion in order to asséss
whether>crusta1 c@ptamination had occurred, and to determiné
if a genetic relat}onship exists between the Eb in seéiment-

. ’ | 4
hosted and\“gabbro—hosted ore " deposits. The sample suite

consisted f pyrrhotites separated from two gabbro~hosted Cu-

3-1
| \ <
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‘tightly bonsﬁraineé. : )

!

Ni ores (Frederickson Lake, Connolly), one’pyrrhoyi%e from the
sediment-hosted Zn-Cu-Pb deposit at Frederickson lake North,

and. two pyrrhotite samples from sulphfde—facies iron

formation. The limited numbers of samples seemed jusfifiab;e,

givén the - observation of Doe and Stacey (1974) that lead
isotope ratios within individual conformablehoféxﬁeposiﬁs are
The data presen;ed in Table 10 show a wide variation in

leaa isofoplc ratios, with data points falling on and below
the single stage)growth curve of Doe én& Stacéy (1974) (Fig.
40). . The data poin%é,were subje;ted to a yinear regression
analysis (York, 1969) to determine the model age. This
treatment yielded an age of 2.06 +/- 0.3 Ga (two sigma;: , The
large efror is the result of Qaté scatter. Pb isotope results
from Clark and Thorpe (1987) suggest a possibly younger age of
1875 Ga for the Frederickson Lake deposits, although their
data does fall withip the error range of the pres;nt study
(2.36 to 1.76 Ga.). :

R ' g ~

The 1isotopic heterogeneity of the sulphide suite could
be'producgd by m%ying of crustalaana mantle leadsi or ’by the »
in éitu decay of uranium té inqrgase the Pb206/Pb204 ratio.
The dominan£ process is difficult to determine because both
lead to similar end products. Since the lead i;otopic data
were  obtained from iron sulphides, wuranium decay could be a
compliéating . factor because the ratio of uranium to Pb can be
much higher in iron sulphides than in the galenas which are
convenEioﬁylly measured (Gulson and Porritt, %987). Because

\

of the various possibleaexplanations of the 1lead isotopic
T ' \
3-2 ¢



: Table‘lo N . ) ‘

Lead isotope analyses of iron sulphides from the Frederickson
0L§ke area ' T - ’

- Pb
saniple showing and type 206,204 207/204 208/204
(+/-) ' - T (0.01)  (0.01) (0.06) 1
PE-1 Frederickson S. (Cu=Ni) " 15.56 15.26  35.39
Pb-2* Frederickson N. (Zn-Cu-Pb) 15.32 15.25 35.27
Pb-3 Faute Lake (Po—-Py) 4 17.62 15.54 - 35.54
Pb-4 . Jimmick Lake (Po~Py) 15.74 15.34 35.23
Pb-5 Connolly Lake  (Cu=Ni) 16.16 15.35  35.49
L. 3
Analyst: R. Farquhar, Dept. of Physics, University.
of Toronto.. W ew
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Fig. 40 Lead isotope data from the Frederickson Lake area

plotted *on.growth curves from A: Doe and Stacey (1974) and
from B: Stacey and Krammers (1976). Straight lines represent
a linear regression through the data.. ; .

™ o

o, . o ) ) ")
. . . ' \“-11.,«‘ ’

3-4



a
Q

data, no genetic inferences could be made about the sulphide
deposits. Pranklin et al., (l1983) also encountered

interpretational problems in a Pb-isotope study of Labrador

Trough sulphides:
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