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Abstract 

III In the Freder i ckson Lake area : (Centr'a r Labrador T!:ough) 

Zn-Cu-~b massive sulphide lenses'and associàted sulphide-. " 
facies lron formation occur with~n black argillites (Menihek 

Formation) adjacent to g~omeroporphyritic sills (Montagnais 

Grodp) that are mineraI i zed "wi th Cu-Ni su Iphides. Previqus 
, 

- " studies proposed a m~gmatic origin for both g~bbro-hosted Cu-, . 
, 

Ni and sediment-~osted Zn-Cu-Pb deposits. 

The sediment-hosted deposlts have an average d S34 value 

of +9.2 per m~l, and an average SiSe ratio of 30,000. Cu-Ni 

sulphi~e Ienses which occur within glomeroporphyritic gabbrQ 
1 t -. ~ . . \ 

sills 'adjacent to sulphide-enriche-d. seâ~ments haye an ave.rage 
" , 

d S34 value of +3.7 per mi l, ,. have. low magma/sulphide ratios , 

(R=57 for Nl, R=53 for Cu) and a low average SISe ratio 

(5,000). )~ 

, 
liquid immiscibi1ity from glomeroporphyr~tic gabbro magmas. 

of stoped stlPhide-faCies iron 
, f' 

The contact metamorphism 
1 

formation ~entnths by glorneroporphy,ritic 8i11s may. have 
-, 

vapourized and released su1phurt cpusing sulphide liquid 
• . , 

innniscibility. The Zn-eu-Pb deposits are interpreted to have fonned 

syngenetically by the circulation of hydrothermàl fluids d~iven by the 

heat of th~ gabbros. These deposits are probably m~mbers of a poorly 

described class of sediment-hosted ln-Cu deposits (E.g. deposits of 

'the Swedish Caledonides and the American Ducktowh region). 
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RésUné 

Dans la 
-' 

cen~rale, région du Lac Frederièlcson c (6artie 
" 

Fossè du 

labrador) des sulfures de Zn-CU-Pb et des' lits de fonnation de fer aux 

faciès sulfuré sont trouvés dans les argilit~s noires (Formation de 

M2nihek) 'adjacent aux gabbros glanéropor{2hyriques ntinéralisées èn sulfures 

de ~-Ni. Des travaux antérieurs suggèrent une origine ma.gmatique pour 
(... ... " 

les su~ftrres de Cu-Ni ~'trouvent dans les gabbros glorrérop:>rphyriques 
, 

et les sulfures de Zn-eu-Pb qui se trouvent au sédirrents. 

Les giserr)eIits de Zn-CU-Pb dans les sédirrents ont une valeur moyen de 

d S34 de +9.2 per 'mil et un rapport rroyen SiSe de 30,000. Les 
'\ ,.. ~ 

sulfures 

eu-Ni aux gabbros glorœrofOrphyriques qui se trouvent prs des sédimentS 

riche en soufre, ont' une valeur rroyenne de d .S34 de +3.7 per',mil, ont des 

rapport rragma/sulfures bas (R=57 PJur Ni, E=53 p::l~ Cu), et ont' oes, 

" rapports l::as de SiSe (5,000). 1 

\ 

les giserrents de CU:"Ni sont interprétés de CC>I1'HTe ayant ,été prcàuits 

parr. la segregation d'un liquide sulfureux d'un magma dé gabbro 
• , , 

glaméroporphyrigue. L' incorp:Jration de xénoli tes de la formation de fer 

au faciés sulfuré et la conversion métanorphique subsécI,uente de, la pyrite 

en pyx;rh(Jtite excès de auraient liberés le soufre dans le ffi3.gn'B.. , , Ces 
, 

soufre fOUrraient avoir provCXJUé l ïnmiscibilité'du liquide sulfureux, et 
" ' 

expliquerait les valeurs'pbsitives de d 834. ~s giserrents ZJ;l-Cu-Pb sant: 
, 

inter:prétés, _ éamœ représentant des gisements sé:li.rnentaires fonnés par <"1<;1 
, . 
circulation de solutions hydrothermales mise, en circulation ,en rer50nse a'" 

des fluxs thermiques cause'par l'intrusion des gabbros. Ces gisanents 

sont- -prpbablerrent rœmbres d'un classe ~e giSerrents : sédirrentaires de Zn-Cu 

. , b~ ( qlU ne sont pas len connues e. g. les giserrents de Caledoirrles Suèdoise 

et Les Applaches ArnericaÎh) 
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CHAPTER' 1. INTROPUCTION 
\ . 4 ,;' 

~ \ , 
> ~ .... 

1.1 Scope and purpose 

Althougb first exploited ~or'its iLon orè deposits, tne-

Labrador Trough also contains sub-econornic, base meta1 sulphide 

deposits, a number of which have attracted exploration work 

sinee the' early 1940s (Fig. l, Table 1). An lnïtia1 regional 
, 

~udy~divlded these sulphide showings into six classes ( Tabre 

2' , Fournier, 1983). The present ftudy concerns two of these 

classes, glomeroporphyritlc . gabbro-host'ed Cu-Ni deposits and 

sediment-hosted Zn-Cu-Pb deposits. In the Frederickson Lake 
" , 

{ .(J "-

area, there appears to' be a spatial <relatlonship between 
~ 

glomeroporphyritic gabbro~ o~ the Montagnais Group and Zn-Cu-

~b mineralization within black argillites of the Menihek 

Formation. This apparent spatial relationship has led to the , . 

spegulation that al1 sulphide mineralization within the reglon 
o 

is 
\ ' 

g®neticaliy related to th~ g1omeropcrphyrLtic gabbro sills 

(e. 9 ~ 
\ 

, Griffis, Fournier, 1943; 1983). .. Whlle the 
, 

glomeroporphyritic gapbro-hosted Cu-Ni deposits are 

?21 
undoubted 1 Y a magmatlc prodùct of the gabbros, a genetlc 

relationshlp between sediment-hosted Zn-Ou-Pb deposits and 

glomeroporphyrltic. gabbros lS less clear. Models \'lhlCh 
~ 

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

(e"g. Fournl'er, ) 983) are somew]1élt controversial because theY" 
, 1 

rely upon the magmatic segregatlon of zinc and lead, 
\ 

two 
c 

elemehts are normally only found in trace \ amounts in 
\ 

that 

deposits formed by sulphlde ljquid immisciblllty from 

mel ts (e. g. " Shima4aki and f'.1acLean, 1976). 

glomeroporphyritic gabbro-hosted U Cu-Ni deposits 

q) 

matic 
'----­
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l 
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Fig. 1 Selected sulphide showings of the Quebec portion of 
the Labrador Tro'ugh', The numbers refer to showings listed in 
Table 1. The Frederickson Lake study, area is indicated by 
number '14. Adapted from map 2001 of le ,Minstère de l "'Energie 
et des Ressources, Québeé (MERQ). Location map showing 
structural provinces adapted from Dimtoth (1978). 0 
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Table l 

Grades and ,-_to~ages of se1ected sulphide' deposi ts of the 
labrador Trough in Quebec. Nvmœrs refèr to Figure 1., 

. . 

---------------------------------------------------------------------~--
Map Deposit Deposit CU% Ni% Zn% Reserves 
# Typ2 (tonnes) 
------------------------------------------------------------------------

1 Hopes Advance-l Gab Cu-Ni 0.59 0.22 2 000 999 
2 Soucy C Gab CU-Ni 0.72 0.22 'l 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 Prudhonrne-.l Sed Zn-Cu 2.04 2.66 4 303 700 
5 Partington Sed po-Py 
6 Erickson-l Gab CU-Nl 1.12 0.32 519 700 
7 Conno11y Gab CU-Ni 

;. 

8 Koke Sed Zn-Cu 0.70 6.86 1 060 400 
9 Aulneau Lake Per CU-Nl 2.02 0.45 1 088 000 

10 Chance Lake Per eu-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-Nl 

Frederickson N. soo Zn-CU 0.77 4.38 279 400 
15 ' Jimmick Lake Soo Zn-Cu 0.26 5.20 1~8 800 

---------------------------------------------------------------------...,.---

Per = peridoti te-hosted 
Gab = glorreroporphyritic gabbro-hosted 
'Sed = sedirœnt-hosted 

Sources: Avrarntchev and LeBel-Drolet (1979) 
Lavergne (1985 ) 

3 



. " 

, , 

.~ 

~\ 

,1 ." ....... ~:.\ ',~' ... ~~.~... ~~ ,.- t J'I 4\"';r.~ 
, . 

Table 2 

Classification of the sulphide minefalization,types of th~ 
Labrador Trough (after Fournier, 1983) . .. 
Type . -

--------~--------------------------------------------- ------

1 
2 
3 
4 
5 
6 

, {,f' 

peridotite hosted Cu-Ni deposits 
glOmerOPOrPhY~iti gabbro-hosted Cu-Ni'deposits 
sediment-host d,Z -Cu deposits 
iron sulphides' 1thin bLack argillites 
copper in late-to post-tectonic quartz-carbo~ate 
chalcopyrite in pillowed basaIt chilI margins 

, 
veins 

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

0 

J 

''-.-
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distinctive, as the -Cu-Ni sulphides are associated with 

concentrations of plagioélase rather than w~th olivine and 
\ . 

pyroxene-bearing cumulates (e.g. Duluth Com'plex)~ .. This study 

. examines the metalloger;lY of the Frederickson Lake region by '. 
focusing on the following three problems: . 

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

~ynSedimen~a~y 'o~ synV~Canic pr~cesses, or are they related 
.. 

to glomèroporphyritic gabbros as suggested by Fournier (1983)~ 

2. ls there a relationship between the occurrence of Cu-Ni 

sulphides and the 9lomeroporphyritic texture of these 

gabbro~? .1 

3. Does the spatial over~ap of glomeroporphyritic ~~bro-

hosted Cu-Ni deposits and sulphid'e-'rich sediments imp'ly their 

formation by the incorporation of sedimentary sulphur? 
• 

1.2 Location 

'" The Frederickson Lake study area ·is located 50 km 

northeast of Scheffervïlle, Quebec, and covers sorne 80 ,'square 

kilometres (la'titude 54°48'to 55°07: longitude 66°17'to 66°07') 

(Fig. 2). Topographically, the ~rea consists of ~ series of 

-pa~aflel ridges and valley~ whi~h trend northwest along the . 
regional strike of the Labrador Trough (Fig. 3) • 'Erosionally 

<.-- re'sistant gabbro sills comprise the' ridges (Fig. 4) whereas 

argillite underlies the val~oors (Fig. 51. Good exposure 

is limited ,to the tops of gabbro ridgesi ridge slopes and 

valley floors are ~overed by glacial sediments. 

" 
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Fig. 2 
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Eastern Bau Metal Zone -

Connolly Lake 

\ 

Fredtri c:kson . 
Lake 

N 

T 
Lake 

2 km 

+-- Wesfern Bose 

.fudy aria -:",_, 

fi 

Map of the FredericksoYl Lake study area illustrating the 
lQcations of the Cu-Ni and Zn-Cu-Pb showings discussed in 
the text. The cross section 1 ine refer.s to Figure 22. 

1. Connolly (Cu-Ni) 
2. Gossan 1 (Cu-Ni) 
3. Gossan Lake (Cu-Ni) 
4. Frederickson Lake North (Zn-eu-Pb) 
5. Frederickson Lake South (Cu-Ni) 
6. Faute Lake (po-Py) 
7. Jill1llick Lake (Zn-Cu) 
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!Fig. 3 Schernatic cross section across the north~rn half of 
"the study area. Sulphide showings. have beên projected on' to 
,the line of section. The ridges and valleys are cornposed of 
:gabbro and sedirnentary rocks respectiveIy. 
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Fig. 4 Aerial photograph taken towards the northwest. The 
Walsh, Lake 'Faul t is rnarked by the lake at right of photo., The 
prorninant lineàr ridge is cornposed of ordinary gabbro; valley 
to the left is floored by sedirnentary rocks Qf the Menihek 
Formation. 

! 

" 

• 

\ 

Fig. 5 View looking northw~st near the Frederickson Lake 
South showing~ ~he swamp overlies sediments of the Menihek 
Formation. The photo is illustrative of the extreme paucity ~ 
of sediment outcrop in the study area. 
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1.3 In\~~tigative Methods 

The author studied the map area outlined in Figure 2 

d~ring the surnrner of 1985. Geol.ogical informat'ion on the 
'-

sulphide occurrences was difficult to obtain because of the 

paucity , ot outcrop the destruction of prirnary 

stratigraphie relationships by the intrusion-of mas5five~gabbro 
, ' ~ 

si1ls (Fig. 3)'. Thus, for the sediment-:hosted deposi ts the 

originaL deposit geornetry, 'metal zonation, and a1teration 

patterns could not be established. Drill core for the' 

Frederickson Lake showings\ had not been kept by the original 
, 

explorat:ion ç:ornpanies, al though dri Il logs are avai lable. 

As- a result, emphasis in this Btudy was placed on 

examining the region~l mafic intrusives to d~termine if these 

played a role in the mineralization now present within the 

sediments.~ SampI ing traverses were carried out across the 

strike of ga~brO and glorneroporphyritic gabbro sills, and 
. 

gabbr6-sediment contacts were examined. The objective was to 

detect --ry systemat~c change_ in the distribution of elernents 

both along and across the strlke of the gabbro sil1s. 

Regionai sampling of different 19neous dnd volcanic units was ,. 

also carried out in order to evaluate the magma~ic evo1~tion 

of this section of the Labrador Trough. 
\ 

Most of the samp1es which we!e c~emical~y ana1yzed were 

- a1so 
\ 

eut for thin or polished sectiions. Chemical analyses 

(Appendix 1 ) 'were performed at Le Centre de Recherches 

Minérales (CRM) in Québec City by XRF or lCP. Analytical 

techniques, precision and uncertainties are outlined in 
• 

Appendix 2. Ten samples were re-analyzed by neutron 

• 
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activation at ~,. Uni versi té de Montréal to check data 

reproduci.bili ty, and to providè more. accurate rare éarth 

e1ement ~atÇl: Analyses performed by the CRM were generally 

accurate ,except for ~race elernents which were close to their 

lower ,1 imi t of\ detection. Su1phur ~~otopic ana~yses wer~ 

performed .. . upon 'pyrrhoti tes separat'ed from samples by hand 

pieking. The pyrrhoti te \ separates were analyzed at 1 ' 

Université du Québec à Montréal, and at the University of 

Ottawa. Su1phur isotopie values are given relati-ve to the 
. 
--,Canon Diab10 meteorite standard and haye an analytical 

urleertainty of +)- 0.2 per mil. In addition, bu1k rock 
Qo 

su1phur was extracted from p gabbro sarnple by the Kiba agent 

(Sasaki et al. 1979), and was analyzed at the University of 

Ottawa. T~is sample had,~n uncertainty of +/- 0.5 per'mil. 

An important element of this study wa~ the eomparison of 
1 

the showings within the Frederickson Lake,map area to similar 

showings within the Northern Labrador Trough. Reference is 

therefore made to the work èarried out by the author in 
.' 

conjunction with R. Wares of McGil1 Unive~sity during the 

, surnmer of 1986 in the are a west of Kuqjjnaq (showings 2, 3, 4, 

and 8 on Fig. 1). 
"1 ( ,.,. ~ 

L'4 Previous Work and Metallogenie Interpretations 
, , 

Importan~ regiona1 studies can be f'ound in the wotks of 

Sauvé and Bergeron p965h Baragar (1967), Frarey _ (1967), 

Dimroth (1970,' 1972, -1978), Dimroth et al., G(l-972, 1978,), 

Harrison et a1., .(1972), Dirnroth and Dres~ler' ('1978), wardle 

and Bailey LeGallais and Lavoie (1982). The 

10 
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first. recorded geologicq l investigations of the Labrador 

Q \ ' 

Trongh were undertaken in the 1890s by A. P. Low of the 

- ~ 

Geological Survey of Cari'ada (Low, 189$ ) • At that time the 

presence of iron formatiôn was noted, although the first 

commercial discoveries were not made until the late 19205. 
, \ 

Regional base metal exploration of the Central Labrador 

Trough ~n the 1940s by the Ho11inger North Shore EXp'lorafion 

Company (HNS) led to the division e.f the Trough' into two 

separate base metal zones bounding the Walsh Lake Fau1t 

(Griffis, 1945; Fig. 3) • The area of the present study 

be10ngs to the western zone, which contains glomeroporphyritic 

gabbro-post~d Cu-Ni deposits (Fourn~er's metal10genic type 2) 

and sediment-hosted Zn-Cu-Pb and PO-Py deposi ts, (metal1.pgenic 

types 3 and 4). 'East of the fauIt, in the eastern baseQmetal 

zone, Cu-Ni su1phides are associated with uitramafic siI1s 

(meta11ogenic type 1). 

Dri1Iing in the Frederickson Lake Legion by HNS in 1943-

44 revealed severa1 deposits of relatively pigh grade but low 

tonnage. Re-examination of th'ese show:ings in 1949 and in 

1956 fai1ed to find extensions to the mineralized zones (Hogg, 

1957). Interest has recentIy been renewed in the _~astern 

bar.e metal sulphide z~ne as a result of the diSCO~~ of 

platinum ~roup element (PGE) mineralization within . the 

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

~ince their-discovery, gabbro-hosted Cu-Ni depo5its of 
$ 

the Fr~derickson Lake area have been considered as magmatic 

, products 

1983) . 

from a gabbroic sour~e .. g. Baragar, 1967; Fournie:t:..., 

However, the Zn-Cu-Pb howin9s" which ocçur within 
, 

Il 

~ 
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sedimentary r'ocks c:r along gabbro-sediïnentary contacts, have 

beeq attributed' to both magmatic and synsedim~n,tary processes'. . 

In~tial reports emphasized.the loca1ization of these su1phide 

déposits to the contacts between gabbros and sediments 
'"', 

(Griffis, 1943)~ As a resu1t, ear1y workers be1ieved that 

these deposits were the resu1t of _the replacement of 

së,~Hment,ary rpçks by f1uids that, were expel1ed from intruding 

glomeroporphyritic gabbro si11s (Griffis, 1943; 1945). Lat~r 

studies discoUl;ted a direct relationship between 

glomeroporphyritiç gabbros and Zn-Cu-Pb minera1ization, but 

inferred that such deposits were forrnèd by replacement at 

-' structurally favout'able ,sites (Auger, 1950; Kirkland, 195'0). 

Frarey (1967) observed that iron su1phide minera1ization 

within sedimentary rocks (sulphide-facies iron formation) was 
,-

more cornmon in areas of extensive gabb~oic intrusions than ir 

a~eas where gabbro sills were absent. For this reason, he 

attributed aIl of the sulphide mineralizatiqn within the 

region to the emplacement of basic igneous rocks. Fournier 

(1983) conc1u~ed that there was a re~ationship betweén a 
p 

- phenocryst-poor f~cies of glomeroporphyrit~c gabbro and ?n-

Cu-Pb mineralization loca1ized at gabbro-sediment contacts. 
1 
He 'proposed that fractional crystallization within gabbr'oic 

magma chambers could give rise to both ~-Ni-rich and Zn-Cu­

..... Pb-rich immiscible sulphiqe liquidS: 1 {he tapping of· these 

liquids by higher crustal charnb2rs would a110w tl:tese two 

" separate types of l4quids ta rise to h~gher levels in the 

crust, and ultimate1y to'form Cu-Ni and Zn-eu-pb deposits. 

12 • 
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" ~ourniex; postulatêd that a phenocryst-poor glomeropor'phyri tic 

magma 

ri ch 

v ' 

would be a'ble ~o transport.!" a Iarger vol ume of 
\ 

liquid 
, 

because of its 
/ 

lower suspended 

sulphide-

load of 

.phenocr.ysts, \ and suggested that the latter liquid would tend 

to be. trapp'ed in structural s.i tes such as . gabbro-~ediment 

contactS:-
. 

A syngenetic origin 'has also been su~gested for the , , 
\ 

sediment-hosted âepos~ts:' Kavanagh (1953) proposed that 

Iron sulphide minerà1ization within sedimentary' rocks. was 
•• 

s>yngenetic because of nits widespread distribution and the' 

" , ~ 
continuous lateral extent of individual sulphide-rich beds. . . , 
However, he att~ibuted the Zn-Cu-Pb sulphide- mineralization . 
to hydrother~al solutions originating from a gabbroic magma. 

Hogg (1957) supported Kavanagh's model but further proposed 
l , 

that remobilization was responsible for concentrating , Zn-Cu-.... 
Pb su1.phides in structural" sites. In contrast, .Baragar (1967) 

poi~ted out tqat the apparent. spatial relationship between 
, 

gabbro 
. 

iron-sulphide 
\, 

within sills·. and mineralizati,on 

sedilT!entary units . did not necessarily 
101 

imply a genetic;, 

r~lationship, and propo~ed that th~ . iro~~. ûlphide 

minera1ization coulq have been~produced by seaftoor ~vo'canfim . ,... 

pLior 'the intrusion of tH~ sills. 

, " 
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CHAPTER 2 GEOLOGICAL SETTIMG! CENTRAL LABRADOR TROUGH 

The Labrador Trough (Churchill Provinc~) is the erosional 

remnant of an Aphebian volcano-sedimentary belt which was 

rreviousl Y oreferred to, as the Labrador'geosyncline 

et .al.,· 1972). The Trough extends 960 km in 
! 

.( Harrison, 

a NNW-SSE 

ection from the western shores of Ungava Bay in northern 

Quebec 1: 
• l , 

.. It a'ttains a max~mum width of 

13'0 ~ t~e Ashuanipi Metamorphic 
, 

Co.mplex 
, 

of the ,km 

Superior te .the west, iilnd the Eastern Basement 

Metamorphic of the Churchill Province to the -east 
• ... . 

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

!~: :~:t.~ 

1 

three segments: the NOr1:hern Trough north of 57o~, ·~he 'Celi'tral->~ ',-' 

Trough between 57 0 N and the Grenville,Front, and the Southern 

Trough south of th~ G~enville Front (Dimroth, 1978; Fig. 1). 

" The age of the Trough is bracketed by ~-Ar dates at -2150 Ma' 

for the granitoid Superior _ bas~ment; and 1750 Ma 
~ . 

c~!reSponding ~o t~e'Hudsonian 'o:6geny (Fryer, 1972). 

2.1 Tectonic Setting 

The precise tectonic setting of the Labrador Trough 

remains a matter of speculation because the geo1ogic history 

of the c~mp1exe1y deformed rocks of the eastern hinterland has 

yet to be establlshed. Early tectonic mode1s (Dimroth, 1972; 

1981; Dimroth and Dress1e~, 1978) proposed that the Labrador 
/' 

Troug.p formed in a rifted, ensia1ic basin f109red by 

continental crust. :', current'~ode{s (Ward1e and Bai1ey, 1981;° 

LaVoie and Leqal1ais, 1982) propose that the Labrador Trough 

represents .the ~rosional remnant of a rifted passive 

14 
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continental margin. 

.. 
2.2 Structure iJnd Metarnorpl1'ism ,#. -

The Labrador Trough~~as" affect~d by the Hudsonian 

Orogeny, during which deformation ,was directed we~tward 
" 

(Dimroth and Dressler, 1978). ' Three 
'\ 

separate periods of 

regiona,l folding, have been recoçnized in the Northern Trough 

(Goulet et al., 1987), and at, leakt two periods are pr~sent 

wi thin the Cent:r;ral Trough. The Centra 1 Trough c,an be di vided ' 
<:), 

into several tectonic domains, 
. 

wi thin each' of which 

structural style appears to havé'been controlled 'oby the 
, 

competency Qf
Q 

bedrock lithologles (Frarey, 
1 " 

1967). In 
, , 

West-Centré),L Trough, igneous int.ru!:;ions are lacking a.nd 
, 

the 
t..fJ 

the 

rocks ti.ghtly folded and -overturned' 
/ ~ . 
t6 the' southwest,·' are 

forrning -.,. 
gabbroic 

imbricate thrust sheet~. 

sil~s appear to have 
<J' 

Towards the east, thick 

incre'as~d the " li thogic 

competency~so that the rocks have been folded into large, open 
11\ 

'structures which are upright (or slightly inclined to the 

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

Labrador Trough-.itself plunges towards the . . south so that 

deeper stratigraphi~ levels are recorded in the Nort~ern 

T~ough. Basin 'growth faults,-which were active in controlling 

sediment~tio? during rifting of the Trough, are beliév~d to 

hav~ been re-a~tivated a~ thrust f~u~ts during deformation 

(Dimroth, 1972). 
'fi 

Coincident with increa?ing amounts of 

deformation towards the east is an accompanying rise in 

metamorphic grade, from sub-greenschis~.facies in the west to 

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

15 
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The Fr~derickson Lake,area occurs within the sub-greenschist 

facies zone, although greenschist facies assemblages are 

local1y present, having been produced by late deuteric 

alteration of. the Montagnais gabbros (Baragar, 1967). For . 

the purposes oJ this the'sis the prefjx 'meta" has generally been 

excluded from rock names. 

2.3 Stratigraphy 

The rocks of the Central Labrador Trough belong to the 

Kaniap~skau SupeFgroup (Frarey and Duflfell, 1964), which is 

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

Knob Lake Group is restrlct.ed ta the western half of the 

Trough and t5 compoéled 

1978) . The lowermost 

fluviatile and shallow 

afkal~ne volcanlcs', and 

Trough. . The Pl stole't 
\) 

of five subgroups 

Seward Subgroup 

marine'clastlc 

appears to ~e~ 

and Swampy Bay 

(Table 3 ; Dlrnroth, 

consists mainly of 

sediments and funor 

early rlftlng of the 
o 

Sub'groups ttgether 

represent deposltion in local, restrlcted sub-basins of the 

North-Central Trough, but are absent in the Frederickson Lake 
. 

region (Fig. 6). 'A major marine transgression is reco~ded in 

the'- AttiJiëamagen sUbgroup, wi th shel f carbonates and shallow 

mar in~ shales overl ain by deeper ~,a ter turbidi tes. These 

fi;st four s~bgroups constitute ~he fi~st sedimentary cycle of 

the Trough (Cycle 1). In the overlying Ferriman Subgroup, a 

-
second marine transgression (Cycle II) is recorded, with 

" , ,\ 1 \ c 

sedimenta tion again 

, 

from shelf\ c~bonates . and 

(Wardle an~ ~ey, 1981)~ 

proceeding 
, 

snales ta deeper water turbidites 

. .. 
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Table 3 

Stratigraphy of the Labrador Trough at 55° North. 
af direct relevance ta this study are shawn in 
(after Dimroth, 1978) ./ 

.Forma tions 
bald type. 

r, -------------------------------------------------------------. , 
SUPERGROUP GROUP SUB-GROUP FORMATION 
-------------------------------------------------------------

KANIAPISKAU 

, 0 Mo~tagnaiS ) 

o , 
Doublet 

Knob' Lake Ferriman· 

Attlkamagen 

o 

Retty peridatite 
Wakuach Gabbro 

Willbab 
Thompson Lake 
Murdoch 

'Menihek 
Sokoman 
Ruth 
Wishart 

Dolly 
Denaul t 
Le Fer 
Bacchus 

Il Swampy Bay 'absent at 550 N 

Pistolet 

Seward 
o 

. 
absent at '55° N 

Dunphy 
Chako!üpau 
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South- Central Trough 

. , 

~~_~E 
~ 

Fluvlo 11I,·,ntl/lldol-.hollow 
morln. Ulhologl .. 

III c,..rty Uon 
tormGhon 

.,ICDft'OIIIII" . 
"",on'"'''''' 

., 

r ,,~ ... ·~F ?,:-.tL .... i;,:.~~~~ 
" , 

Fig. 6, .Summary 
.North-Central 
Freqeri ckson 

·ànd 
Lake 

immedia.tely west 
Bailey, 1981). 

and 
b: 

-a: stratigraphie development of the 
South-Central Labrador Trough." The 

a~ea is lQcated in the South-Central Trough 
of the Walsh ibake Fault (From' Ward~e· and 

18 

,) 



• 

• . , 

o 

, , 

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 
. 

incipient' ocean basin development (Wardle_~nd Bailey, 1981): 

) 
-&-r 

The Laporte Group (Harrison" 1952) outcrops in the 

extrerne eastern margins .orthe Labrador Trough. Wi thin the 

Central Trough, this Group consists ~f rnetarnorphosed 

arnp~ibolitic and serni-pelitic gneisses which are separated 

from the Doublet Group by a thrust tault. lni tiallx the 

Laporte Group was not recognized ~s belonging to the Labrador 

o Trough but it is now genera~ly i'ncluded in the Trough 

st,ratigraphy. 

The Montagnais Group consists of intrusive rocks (the 

Wakuach Gabbro and the R~tty Peridqtite) which' invade the 
J 

Kaniapiskau Supergroup. The Montagnais Group is present 

only in the eastern half of the Knob Lake Group, whereas 

ultramafic sills occur dominantly in the Doublet Group. The 

Montagnais intrusive,s have been shown to }Je co-rnagmatic with 

the ext'rusi ve vol canic rocks of the Doubl et group (Baragar, , , 

~967 ; Fournier', . 1 ~ 8 3 )-. o 

o 

1 

\ 
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CHAPTER 3 
'. 

/ 

LOCAL GEOLOGY 

The Frederickson Lake study area encloses '~pproximately 

• 
80 'square kilometers of sediments of-the Menihek Formation, 

and abundant gabbro sills of the Montagnais Group (Fig. 2-l , 

Map 1 ) . These rocks constitute the supject of the present 

study, and will be described in detail. The geolqgy of the 

-Doublet Group adjoining the study area east of the Walsh Lake 

Fauit will only be summarized. 

3.1 Menihek Formation 

The Menihek Formation is the uppermost unit within the 

Knob Lake Group (Frarey and Duffell, 1964). In the Western 

Trough, this formation unconformably overlies the Sokoman 

Formation and is composed of grey, rhythmically banded 

siltstone and shaie. , Towards the east, the Mehihek Formation 

is in conformable contact with the Sokpman Forma~ion and -is 

composed of black shale, siltstone and greywacke (Wardle an~ 

Bailey, 19-81). Extreme eastern exposures of these fine-

grained "sediments are marked by intercalated basaltic flows 
'\- \ 

(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 

A no::thwest this faul t 

~ interfingers with the 

dies out, and, the 

Murdoch Forma~ion 

Menihe~"Formation 
(Baragar} 1967). 

Regional mapping in the Central Trough indicâtes that the 

former formatiqn thickens from 1000 m in' the west to 1'500 m'in 
li' 

--, 
the east (Wardle an~ Bailey, 1981). The Menihek Formation is 

commonly correlated with the Upper Baby Formation of the 

20 
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Northern Trough and an unnamed . sequence of schists and . 
gneisses- in the Southern Trough. Foprnier (1983) corre1ated 

'th\= Menihek Formation with the Doublet Group across the Walsh 

Lake Fau1t. 

In the study " area, the Menihek Formation is poorly 

exposed~ 
. 

enclosed occurring as thin bands of sediment 

bètween thick gabbro \ sills. These s~dimentary bands appear to , 
• 

be laterally continuous, although rare1y lenses of sediment 

are ebclosed by gabbro. Most gabbro silts in the region dip 

towards the east. • As a result, sedimentary bands are 

preferentially preserved on the eastern side~ of valleys where 

they have been protected 'from erosion by a han-ging wall of 

gabbro. Cherty or silicified' sediments, which 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 

gra~hitic or siliceous varieties are present. In thin 

" 

section, the argillites consist of a semi-opaque mass ~) 
clay-sized mineraIs and disseminated rine-grained ir~ 

sulphides 0.01 mm in length. with increasing ,iron sulphide 

content, the se grade into sulphide-facies iron formation 

(Fig. 7). Finely inter:laminated mudstone-siltstone and 

sulphide-rich layers are present on scales ranging from tenths 
f 

of willimetres to centimetres (Fig. 8)!- Where grading is 
\ 

preseI:t wi thin the sil tstone-mudstone layers, sulphides are 

" usually confined to the finest-grained ~raction. The fine-

scale interlamination of'sulphide and mudston~ bands suggests 

21 
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, 
Fig. 7 Hand specimen of s~ide-facies iron formation 
illustrating the fine interlaminatlon of iron sulphides (Iight 
layers) and qlay-sized silibate mineraIs (dark layers). 

mm 

\ .. 

F!g. 8 Microphotograph of sulphide-facies iron formation. 
The banding is caused by the lamination of pyrrh®tite (Iight 
mineraI) _ and' cIay-sized silicate mineraIs (dark mineraIs). 
Note the slight intergrowth of sulphides and silicates. 

/-
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that the sulphides are an origiral syngenetic component of 

these sediments. 

Rhythmically lamipated sandstone-siltstone outcrop at a 
, l 

variety of locations -in the study area (Fig. 9). \ The 

9andstone layers (Fig. 10) are composed of quartz and minor 
( 

feldspar" both with commo~ly sutured grain boundaries, and a 

finèr-grained quartz-fèldspar-sericite matrix. The sil tstone . , 
layers resemble the matrix of the sandstones but contain 

secoll..dary chlorite and stilpnomelane. The presence of tuff 
. , 

layers interbedded ~ith the siltstones suggests that sorne of 

the material in the siltstones may also have been in part 

volcanogenlc. 

Light-weathering quartzltes ~ccur ,as beds up to 20 cm 

thick, usually interbedded with sandstone-silts~one. Framework 

grain's of rounded to s,ubrounded quartz (2 mm) comprise 95% of 
, ~ 

this lithologYi ihe ~~trix consists' of smaller qua'rtz grains 
. 

and serici te. Sorne q~artzites near gabbro sill contacts show 

slight re-crystallization of grain boundaries and possible .. 
retrograde-replaçement of contact metamorP9ic miperals. 

/ 

A breccia consistiRg of cherty argil1itè fragments 

within a pyrr~otite matrix occurs at the Frederickson Lake 

North show ing . Similar pyrrhotitic breccias have ' been 
, 

reported at this and 'other sediment-hosted deposits by 

Fournier (1983). A cohglomerate composed of possible volcanic 

fragments was also reported in the drill core from this 

showing, and several metres of conglomerate occur 4 km north 
, , 

of the map area along 

1945) • The Blais Lake 

the szreline 

con.g omerate 

of Blais Lake (Griffis, 

occurs aLong strike from 
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1 

Fig. 9 Interlaminated siltstone (dark layers) and fine~ 
grained sandstone (light layers). Squar~s on scale bar are 
one centimetre in length. ' 

0.,5 mm 
l ' 

Fig. 10 Microphotograph of <fine-grained sandstone. 
slight suturing of the quartz grain boundaries and 
plagioclase grains. ~ 

Note the 
t\'{inned 
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the Frederickson Lake breccia although it could, not be 

determined this unit is laterally continuous. 
" 

Fine-grained, massive lavas occur at intervals within 
'" ,', 

the upper "stratigraphic levels of the Menihek Formation. 

These lavas, which resemble fine-grained gabbros, can be 

recognized by their 2'cm-thick weathering rind, which is 

gen~rally composed of an oxidized orange-red outer layer and 

an inner grey layer. ~y contrast, the fine-grained gabbros 

possess a 2 mm-thick, weathering ~nd.\ Although only massive 

f~ows were noteS in the Frederickson Lake area, poorly 

preserved pillow selvâges are reported in the vicinity of 

Walsh Lake (Baragar,,1967). 
\ 

Near the Connolly Lake showing, several 10 cm-thick beds 

of bUff-weathering, dark green tuff are interbedded with 

fine-grai~ed sandstones and siltstones. The tuffs have a 

flattenea appearance which may reflect flattening of fiamme-

llke clasts 3 mm long. Chemical analysis indicates that this 

tuff is of intermediate composition (Table 4~. 

3.2 Murdoch Formation 

The Murdoch Formation occurs in both the Northern and 

Central Trough and has an estimated thickness of 2000 m 

(Baragar, '1967). At Frederickson Lake, it unconformably 

overlies the Menihek Formation "alorrg the Walsh Lake Fault. 

"For the most ,part the ,Murdoch Forma'tion is composed 

chlori~e-rich schists of possible tuffaceous origin, and rare 

thin sesimentary horizbns and volcanic flows. The schists are 

composed of chlorite, - albite, actinolite, epidote and 

25 



, 
,l 

J 

,1 

.., 

;.,,~: ",t-"~ ~}(, i"" ""li ~ 1~' .~, ,~V .... : .1, \rr~r ~·..:!'rr 

'Il' - " 
,; 

'Table 4 \ 

\\ i 
Composition of' sedimentary rocks of ,the Menihek,Pormation 

\~ . , ' 

----------------------------------------~-----------------
l 2 
argi11ite 

.-
sandstone-
siltstone 

3 
tuff 

------------------------------~--------------------------­, 

Si02 41.6 67.3 5Q.9 
A1202 . : 6. 7 14.7 12.0 
Fe203 37.6 8.3 15.6 
MgD 3.06 2.00 3.32 
CaO 0.63 0.15 0.07 
Na20 1. 26 1.16 0.30 
K20 0.83 3.69 2.68 
Ti02 Or59 0.38 0.38 
MnO 0.12, 

, 
0 .. 05 0.32 

P205, (f.ll 0.05 0.03 
LOI i.?7 2.87 4.45 

TOTALS: 100.07 100.65 99.05 

----~----------------------------------------------------~ 

1 average of three samples 
2 average of two samples 
3 one sample 

. -

.. 

j 

o , 

26 



o 

J 

o 

The volcanic ~l.;.<?ws are composi tionally similar but, 
.}~",,;a, <t 

magnetite. 

appear to contain less albite. This formation is of 

gréenschist facies metamorphic grade and exhibits oomp1ete re-
~ 

crystallization . This contrasts with the lower grade of . , 
metamorphi sm that characterizes the Menihek Formation on the 

" --
west side of ehe Walsh Lake tauit. Fournier (, 19 8 3) 

corre1ated ~he Murdoch Formation wi th the minor mafic 

pyroc1astic tuffs described from the Menihek Formation . 
'(Baragar, 1967). 

3.3' Thompson Lake FOrIna tion 

The Thompson Lake .... 

o 

Formation' consiJts 
~ 

of 700 m of 

sediments ov~riying the Murdoch Formation. The ~ntact is not. 

exposed east of the Frederickson Lake area, although regional 

mapping to the northwest lndicates' conformable 
, 

contacts 

(Baragar, 1967). East of Frederickson Lake, where the éntire 
1 

Thompson Lake Formation is exposed, it exhibits a fining-

upwards cycle composed of basal greywacke, intermediate 

rhythmicaI1y layered siltstone-sandstone and an upper unit of 

black shale (Fournier, 1983). Fournier (1983) sugges~ that 

this Îormation is a deeper - water equi va len't of the 
1 

~ ,1 • sedlmentary component ot the Menihek Formation. 

3.4, WiIIbob Formation 

East 

::e 1 ~:::P:o:h:::: F:::.: ::::. o:h:a::::e O:n:h

:: 1 : :::j ::: ~a::::: 
and minor interf10w siltstone and shales. Fouriier (1-983) 
• • " 1 
correlated this formation wi tll voleanic rocks tit occ~r in 

r 
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the upper stratigraphie leveis of the 'Menihek Formation. On a 

" 
regional scale this formation is commonly aorrelated with the 

Hellancourt vOl:aniCs )of the Nbrthern Labrador Trou3~' The 

informaI name Doublet-Hellancourt is often applied to the 

dominantly volcanic rocks that occur above the cycle II 

sediments. Baragar (19&7) reported' that three horizons of 

gl-omeroporphy·ri tic basal t occur wi thin the wilibob Formation, 
f ~ 

al though tecto,!lic repeti tiop by f aul ting and JqJ.ding could be 

respons1ble for the multiple occurrences~ .,' 

3 .-5 Montagn.~is Group 

Gabbroic sills of the Wakuac~ Gabbro invade both the Knob 

Lake and Doublet Group. Sil1 s present ,wi thin the Doublet 

Group have been -referred to as mktagabbro (Baragar, 1967; 

Fourni~r, 1983) ," They are identical to the sills in the Knob 

Lake Group' except for thei~ higher meta~orphiG grade. 

'- ' Amphibolite bodies within· the Laporte Group to the east may 

al~o reprls'ent metamorphfc equivaltents of the Wakuach Gabbro. 
-

Fournier (1983) reported that ultramafic sills were much less 
o 1 

'!\ 

common in thè Northern Trough than ~n the Central Trough, 

although this feature cou+d reflect diffe.r,ent levels of 

erasion in these twa areas. Within the Frederickson Lake 

region! severai varieties of (ma~ic sills belonging ta the 
. '\ 

Montagnais Group are preken'E:--~~~bJding of the gabbro-sediment 

séquence south of Jimmick lake indicate 
'. 

that the si11s were. 
1 

injected prior to regional deformation. 
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3.5.1 Ordinary Gabbro Sills (Fig. Il) 

o . Th,e term lIordinary gabbro" was proposed by Baragar (1960) 

,1 

r 

o 

, 

to desc~ibe all-non-glomeroporphyritic sills and is retained 

in thi"s thesis. Ordinary gabbro sills comprise at 1east 85% 
~. 

of the map area. ' Individual sills can be ):raced for up to 6 
, 

Trough km, and for up to 30~km in éther areas of the 
-' , 

(Bar!igar, 1967) • Most 
~ 

sills maintain a constant thickness 

along strike"', although several sills appear to pinch out. 
" , 

-' 

Typical si11s are 400 to 600 me~ers thick and display a 

vertical zonation 
.., 

commonly attributed to ,in situ magmatic 

d!ifer~ntiation (e.g. Bar a g'9. r , 1 9 67) • Thinner H~rdinary 

gabbro sills are vertically unzoned. 

The lowermost portions of the differentiated gabbro sills 

(Fig. Il ) are usual,ly composed of two rock types~ a finer-

.. ",' -----
/ grained chi Il'ed margin and an ov'erlylng porphyri tic zone. In 

the chilled margin, pyroxene pseudomorphs composed of éhlorite 
~ , ~ 

and actinolite occur within a matrix of plagioclase 

microli tes. Away from the chi Il ad, marg in, 
'''?;,. 

embayed but 

unaltered anhedral augite grains 3 mm in length 'occur wi th'in 

a matrix of fine-grained plagioclase. laths.~ Sporadic. 

orthopyroxene grains up to 10 mm in length are completely 

pse~domorphed , by bastite. - Saussuritized plagioclase 

phenocrysts up to 2 cm in dia~eter are 'also irregularly 

distributed within the porphyritic zone, but never comprise 

more than 2% of the rocks • 
./ 

At sorne locaIi~ies, Iower chilled 
\ 

are marked by the incomplete alteration. of 

clin,opyroxene. 'This 'has .created a rock wi th irregùlar light 

(unaltered clirtopyroxene) an~ dark (actinolite and 
'. 'J \ 

chIor], te.) , 
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Fig. Il Géneralized stratigraphiê- section of an ordinary 
gabbro sill west of Connolly Lake. pOThe numbers refer to 
chemical- analyses listed in Appendix 1. 0, . , 
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patéhes. 
. ~ 

This ~texture can be confused with primary textures 
. . 

of the' glom~~oporphyritic gabbros. 

The . bulk of a typical ordinary gabbro-sill is fine-to 

medium-grained, with a sub-ophitic to ophitic texture. There ,,V 

is a ~radual increase in grain size from the base of the sill 

to the transition with the overlying pegmatitic zone. The 

lower regions of the ttpical sill are characterized by 

irregularly shaped augite crystals within a matrix of fine-

grained plagioclase laths. Pseudomorphs of serpentine and 
,-

chlorite after orthopyroxene are also p;-esent. At higher 

levers, augite crystals become more euhedral and 'Sometimes 

exhibit al twred exsolution lamellae of orthopyroxene. As 
~ , 

the pegmatitic zone is approached, there is an increase in the 

degree of transformation of matrix miner'als to epidote, 

chlorlte and actlnolite. 

Th~ contact between the central and upper zones of a 
r 

t~pical ordinary gabbro sill is transltional and is marked by 
tJ 

the first appearance of pods and veins of gabbroic pegmatite. 

- The transition to massive pegmatite takes place over an 

l . 

interval of approximately 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 feldspar intergrowths (gr-anophyre) • 

Plagioclase grains in this zone are generally intensely 
, \ 

saussuri tized" al though unal tered plagioclase grains, (An 50) 
o 

can 8lso occur. Margins of augite cFystals are replaced by 

actinolite and chlorite. In sorne gabbro 
~, 

clinopyroxenes in the pegmatitic zone have been 

o 

sills, the 
'--­

comp1etely' 
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replaced by actfnolite and minor stilpnornelane. 

3.5.2 Glorneroporphyritic Gabbro Sills 

Glornerop,orphyritic gabbro is the rnost distinctive rock 
. ' 4i 

unit in the field (Figs. 12, 13), and ls known by a variety 

of names inclhlding leopard rock, blotchy gabbro, anorthosi~ic 

gabbro, feldspathic gabbro and spotty diorite. T!1e presence 

of glorneroporphyritic gabbros in the sediments of the Upper 

Knob Lake Group, together with the occurrence of pillow lavas 

with glom~rophenocrysts of plagioclase at the base of the 

Doublet ~up,' suggests that thése gabbros OCc~y a specifie 

stratigraphie interval within the Labrador Trough (Sauvé and 

Bergeron, 196 5) . 
fi 

Q 

Within the Frederickson Lake region, two facies of this 

gabbro can be dis~inguished 'on t,he basis of plagioclase, 

glomerophenocryst content (Flg. 14). Gabbro si11s with 

greater than 65% glomerophenocrysts are designated 

anorthositic, 
G-

,whi1e gabbro sills witt! 10-65% 

glomerophenocrysts are ref~rred to as glomeroporphyritic. In 
~ -

the study area, glomeroporphyritic and anorthositic facies 
) 

were never observed in the same sille 

In other areas of the Trough, ordinary gabbro sills 

inv* the core zones of ,glomeroporphyritic gabbro sills ta 

forro composite intrusions, and a complete gradation between 

the anorthositic facies and non-porpnyritic facies may be 

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

Lake area" rare cross-cutting -relations demonstrate that 

glomeroporphyritic 
o 

are younger than the slightly gabbros 
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Fig. 12 Outcrop photo of ah unbanded glomeroporphyritic 
gabPro. The white 0 patches are glomerophenocrysts of 
plagioclase. Tne scale is.given 'by the pencil (15 cm). 

Fig. 13 Outcrop photo of banded glorneroporphyritic gabbro, 
showing plagioclase .glornerophenocrysts concentrated into 
light-coloured'bands. Geological harnrner for scale~ 
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, 
Fig. 14 Schematic diagram illustrating the differences 
between ordinary, g1omeroporphritic. and anorthositic gabbros 
in the Frederickson Lake study area. Note that the ordinary 
and anorthosi tic gabbros appear ta represent end members 
containing respectively, the least and the most plagioclase 
glomerophenocrysts. Aiso illustrated are stratigraphica11y 
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, 

glomeroporphyritic sills may also be older than the ordinary 
1 

gabbros sills (Baragar, 1967; War~s, pers. comm., 1987). On 

the basis of extensive wOfk on the magmatic rocks of the 
,(1-

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

intrusi le and extrusi ve rocks were of the same generation"f) 

Glorneroporphyritic sills have a maximum ü,bserved thickness 

of 50 m (Fig. 16) in the Frederickson Lake qrea. Typ:!-cally, 

plagioclase phenocrysts are concentrated near the centre of 

the sill. In the vicinity of the Frederickson L~ke South 

showing, plagioclase glomerophenocrysts are concentrated in 

two major bands wlthin the sille 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 rnagmatic flow within the sill (Baragar, 

1967) . These gabbros are composed of saussuri tized 

plagioclase glomerophe~ocrysts in a groundmass of less 

saussuritized plagioclase, clinopyroxene, orthopyroxene and 

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. Glomerophenocrys~ rim zones (Fig. 18) ,are 

composed of fused plagioclase phenocrysts, each of which h,as 
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Fig. 15 
ordinary 
Location 
length . 

1 

l' 

Glomeroporphyritic gabbro dyke crosscutting an 
gabbro sill, Frederickson Lake South showing., 
is given in Figure 30. The ~enci1 is 15 cm in 
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TOm '400 CI>, '93 NI 

1000 Cu, 417NI 0 nd.menU 

~ renol.th 

939 Cu, 411 NI -~ olomeroporphrr.lle , . . gabbro 

~03 Cu, liB HI 

• ordlnary gabbro 

Fi~. 16 Generalized stratigraphie seetion of a 
glomeroporp yri tie gab,bro sil1 at the Frederickson Lake South 
sho~ing. he· numbers at the left refer tç chemical analyses 
(Appendix 1), whi1e numbers to the ·right are Ni and Cft 
eonce!1tr'~f' ons in ppm. Note that the highest base meta1 
values 0i ur towards the centre of the sill. 
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a pentral saussuritized core. In. adqition, plagioclase 

phenocrysts of tDe rim zone usually exhibit growth zoning 

(Fig; 19). 

G l-omerop.hen,ocry s t 
1 

,clustering and agglomèration occur to 

varying degrees (Fig. 20). Clusters range from two 

phenocrysts to sèveral tens of phenocrysts. In seve~l sills 

the long axis of the clusters is paraI leI ,to flow bahding 

(Fig. 21) • This texture suggests that, tlow wi thin the sills 

was responsible for uniting originally sepa~ateo p~ag~oclase 

phenocrysts and that the late plagioclase growth evi~enced by 
~ 

~ & 

the growth rims was responsible for holdinq the clusters 

together. 

Anorthositic gabbros contain more 

glomerophenocrysts than glomeroporphyritic gabbr9s. 

study area, aIl Cu-Ni sulphide mineralization was 
, 

/ plagiocla'se 1 

In /è 
restri'pted 

! 

/ 

to ·the glomeroporphyritic facies; the anprthositic ,~abbros 

/were barren. 

3.6 Local St~ucture 

Within the study area, the gabbro-sediment sequence . 
strikes northwest and dips 45 to 90 degrees northeast.· This 

" 

seq~ence is terrninated 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 on aerial photographs 

immediately west of the Jimmick Lake antiformal sy~cline. The 

lacK of an antiformal structure between these two 

-suggests . that they' are separ,ated 'by a NW-striking 
,/ 

synforms 

faul t. A 
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" 

rim----I 
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v--Fi g. 19 

cm 

SOU SSUri t Iza tian 

Fig. 17 Generalized diagram o of a plagioclase 
glomerophenocryst. Saussurization, representèd by ,black dots 1 

,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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.. 

5 mm 

Fig. 18 Rim zone of a plagioclase glomerophenocryst. Each 
riro zope phenocryst has a centralized zone which is 
saussuritized. See Figure 17 for the location of the 
photographe 

0.5 mm 

1 

Fig. 19 Growth fims on a plagioclase phenocryst in the riro 
,zlne of a glomerophenocryst. The core of the phenocryst is 
s ussuritized. See ; Figure 17 for ~he location of the 
p otograph. . ?'. 7 "-

< 
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Fig. 20'· Hand specimen photograph of 
gaboro showing both psma1l and 
glomerophenocrysts. 

a glomeroporphyritic 
large plagioclase 

~ao ~O -OX-is-o-f-.-IOngation 

PIOOloclose~ A 9~ 
,-

olomerophenocrysl ~ (/ . 
2 cm 

, 1 

o 

" 
Fig. 21 Tracing of a glomeroporphyritic hand sample. Note 
,the elongation of plagioclase clusters parallel to the banding 
of the plagioclase clusters. • 
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Nw~striking -fault is aiso interpreted to oeeur 
~ 

between 
1 

Jimmiek Lake antiformai syncline, and strata to the east, às 

both gabbro-sediment sequences Ii",ve similar facing directions~ 

Baragar (1967) described the Fredsriekson ,Lake region as a NE 

facing ~moeline, but the recognition of these faulted 
J' 

~ynf0rms suggests that the map area lies on the limbs of 

larg~ regional isoclinal folds that have been detached by 

faulting. -
Further evidenee for tectonically induced stratigraphie 

repetition in the Frederickson Lake region cornes from the, 
..J_ 000 ~ , 

regional mapping. Glomeroporphyritie gabbros are interpreted 

to ~qccur at the upper\ levels of the ,Men~hek Formation. 
.. 

The 

~ occurrence ot abundant glomeroporphyritic gabbro sil1s within 

the Menihek Formation between, Attikamagen Lake 10 km west of 

the map area, and the'walsh L~ke fault suggests repetition of 
" 

strata 'in fhis region by a?combination of isoclinal folds 
/ ~ 

and 

NW-striking fauils.' A more detailed elucidation of the 
" 

structure in the study.region i8 hampered byFthe paucity of 
<i} 

sedimentary rock, outcrops, and the lack of 

structures in the massive gabbros. 

In addition to the large folds which have affectéd 
"'7 

the 

~abbro-s:di~~nt seque~ce, minor tight fOld~ wi~h NW-trending 

hinges are locally developed in the sediments (Fig. 23). The 

fold axes in the'se&iments paraI1Gl those of the regiona1 

l 
1 

<!, 

fdId described above. Differences in ~bs~rved fold waveleng~ ,~ 

are 9rObablY caused by the>co~petency contrasts ~~ ithicK 

gabbro sil1s and thin sedimentary units~ (cf; 

1967). ; , 
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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) 
inferrea that the gabbro-sediment sequence formed a northeast­
fac~ng homocline (Baragar, 1967, Fournier, 1983). Refer to 
Figure 2 for ttie location of the cross section. (Refer to f1ap 1.) 
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3.7 Local M~tarnorphi$rn 

The ,effects of regional and contact rnetamorphism are 
\. ~ . .. ... ~~.:'''''' \ ~ 

subtly - expressed wi thin the 'Fied~rickson Lake area.... Mafic 
o 

rocks belong to the sub-greenschist facies (Dimroth and 

Dressler, ,1978) and ~ charaq~:.erized by the presence of 

pumpellyi te, Cfèl Ei>r i te , actinoli te, and epidote. 

C1inopyroxenes are generally preserved, although they are 
, , 

often turbid and are replaced on the rim zones by chlorite and 

amphibole. Orthopyroxenes and possible olivine pseudomorphs 

are~ completely transformed to chlbrite, amphibo1 e and 

·serpentine. Plagioclase is often saussuritizedj Baragar (1~~7) 
).. 

has proposed a late magmatic origin for spme of 
. , 
the 

., tî 0 

saussurltlzatlon. 

Siltstones and the matrlces of sandstones exhlbit the 

development of seri Cl te,' ~til[l!0melane and chlori te. Quartz 
J 

grains. wi thin the sandstones ar' recrystall1zed in sorne 

samples. ,Plagioclase framework grains are unal tered, 

confirming the low graqe of metamorphlsm. 

Argi Ila-ceous sediments along the margins of gabbro sll1s 

are co~monly compact, welt indur~ted, and exhibit a ?light 

Dconcho~al fracture,' but in genera~ lack the development of 

phaneritic hornfels t~xttlr~s caused by contact rnetamorphisrn. 

The limi ted éontact metamorphilc effects in argilli tes of the 

Labrador Trough have been attributed to the intrusion of the 

gabbroic sills into wet sedimen~Oimroth and Dressler, 1978) 
t ' 

and aiso to ~he h~gh level of··--~rnp1acement of the si lis (Wardle .. 
and Bailey, 1981)~ ,In contrast, a~enaceoup sediments within 

. 
several • meters of gabbroic) sills commonly display 0 diff-use 
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Fig. ·23 Outcrop photograph of a local, tighr fold in the 
sedimen~s of the Menihek Formation at the Gossan Lake sho~ing. 
The more competent gabbro sills on either side of the 
sedimentary band at this locality are not folded. The 
squares on the ~cale bar are one centimetre in length. 
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~atches of light-coloured mineraIs up ~~, mm in diameter, in 

a darker matrix. The light-coloured patche,s consist of quartz 

within a darker, 0 finer-grained (0.01 mm) matrix- rich in 

chlorite. Salavé and ~ergeron (1965) describe similar 

"adenoles" fromih"e contact zones of quartz-rich sediments 

the Northern Labrador Trough '...and attribute them to 

of 

the 

retrograde replacement of sorne pre-existing contact 

metarnorphlC phase. 

. ' 
o 

o 
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CHAPTER 4 GEOCHEMISTRY OF GABBROIC AND VOLCANIC ROCKS 

)-
4.1 F~ederickson Lake Igneous Rock Suite 

Samples analyze~ in the present study include ordinary , 

gabbro sills and chilled margins (20 and 7 samples 

respectively), glomeroporphyritic gabbro sills and chilled 

margins (8 and l respectively), basalts of the Menihek 

Formation (8), volcanics of the ,Murdoch Formation (7) and 

basalts of the WillbOb, For~n (3). In addition, three 

analyses of ultramafic sills from Fournier, (1983) are 

discus~ed. The tholeiitic nature of the Frederickson Lake 

igneous suite is illustra.ted in .the AFM diagram (Fig. 24) and 

on a Jensen plot (Fig. 25)~ The mafic rocks of the M6ntagnais 

Group form a distînct cluster of points on Al-Si, Mg-Fe and 

Ca-Mg plots (Fig. 26). ThIS cluster excludes the ultramafic 

\ rocks of the Murdoch Formation (sarnple set 6) and ultramafic 

rocks of the Montagnais Group (sample set 7). 'These latter 

rocks fall, respectively, wlthin the komati~ti~ basaIt and 

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

It is important to note \the geochernical similarity of the 

basal ts of the Menihek Formation wi th the chilled margins of 

the ordinary gabbros (Figs. 24-26). 

Tectonic discriminant diagrams for basaltic rocks have 

been developed by Pearce and Cann (1973), Winchestèr and "Floyd 

~(1976), and Pearce and Norry (1979). These diagrams, although 

developed to classify Paleozoic rocks, are also commonly 

applied ta precambrian rocks. Basalts of 'the Menihek 

Formatlon and the ordinary gabbro chilI margins, rock types 

most indicative of original l iquid compositions, cl uster 

47 

" " 



\ 

( 

" 

FeO 

/, 

cole - alkoHne / 
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, -,/,/ / 
Fig. 24 AFM dia am (IrV~ne"andrar 'ar, 1970 showing the 
complete ana1yt' al data set. The s pIes plot mainly in the 
tholeiitic field. / 

l=ehilled margins of rdinary gabbros 

/ 

2=basalts,bf the Me J.hek Formation 
3=ordinary gabbro 
4=glomeroporphy ~tic gabbros 
5=chilled~mar J.ns of glomeroporphyritic gabbros 
6=volcanic ocks of the Murdoch Formation 
7=ultrama rocks of the Mon~agnais group 
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Fi9' 25 Jensen (1976) cation plot. Only racks.thought ta' 
represent original Iiquids are plotted. Symbols as in 
Figure ~4. CA=cal~-alkaline, TH=tholeiitic, BK=komatiitic 
basaIt, K=komatiite. 
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Fig. 26 a,b, Major element cationic variation diagrams. 
Note the compositional overlap between chill margins of the 
ordinary gabbros (1) and the basa1ts of the Menihek 
Formation (2). Other symbols as in Figure 24. 
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Fig. 2~ c . Major element cationic variat~d diagram. Note 
the compositional overlap between chilI margins of the 
ordinar gabbros, (\) and the. basalts of the Menihek 
Formati n (2). bther symbols as in Figure 24. 
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Zr Y'3 

B Ti/IOO 

,1 

Zr -, -------5 r / 2 

Fig. 27 a,b Tectqnic discriminate diagrarns (pearce and 
,Cann, . 1973) 0, Note the restriction of gabbro chilled 
margins (1). and Menihek basalts (2) to the ocean floor 
basaIt fielâ (B). 

A=low K tholeiite 
B=ocean f,loor basaIt 
C=calc-aikaline basaIt '~ 
D=Within-plate basaIt 
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",Fig. 27 cfd Tectonic discriminate d~agrams (pearce and 
Cann" 1973; Pearce and Norry, .1979). Note the ~striction 
of gabbro ~hl11ed margins (1) an4 Menihek basalts (2) to the 
ocean floor basaIt field (B). 
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, within the ocean' floor basaIt fields in such diagrarns 

(Fig. 27). 
.. "\', , . 

. Previous extensive studies of the "basaltic" rocks of the 

Labrador Trough (Baragar, 196~; Ù~67) have demon~trated both 

the tholeiitic nature"of the Montagnais Group and ~he 

derivation of intrusives and extrusives of this Group from a 

common p~rental liguid. The limited data base of this study 
~ , 

confirms the chemical similarity of the chilled margins of the 

ordinary gabbros to the basalts of the Menlhek Formation. 
• 'II 

4.2 Chemical Vari~tion in Ordinary Gabbro 8ills 

One 500 metre-thick ordinary gabbro sill in the 

Frederickson Lake' area was selected ,for detailed chemical 

study (Fig. Il) . From bottom to top, this sill shows ~an .. 
overalf increase in Si, Ti, Fe and P, and a corresponding 

decrease in Al, Mg and Ca (Fig.' 28). The fluctuations in 

composition are caused by small scale la,yering, and, in upper 

regions of the sills, variable amounts of.pegmatitic veining. 
\ , 

A reversaI ~in sorne elemental trends towards the base of, the 

sill suggests that clinopyroxene and orthopyroxene crystals in 

this part of the sill repr~sent crystal cumulates. Des.pi te 

minor fluctuations, the overall chemical trends are ,compatible 

with in-situ differentiation of a single injection of magma. 

This i5 further supported by the similarity:pf the average 

composition of the entire si;ll to its 'ch~11ed margins 
• 0 

(Table 5). 
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Fig. 28 Chemical, cross sections through a 500, m-thiék" 
ordinary gabbro sille ~~raight lines represent linear 
regressions of the data. ... 
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TablE! 5 Ave.age C'~ion or Igne .. e Rocks 

Ordo 50 BasaIt 50· Volcan 50 
Gabbro l1enih' Murd 

:::::= 

4B.3 1.21 48.7 43.4 2.38 
14.0 2.00 13.8 9.21 2.34 
14.0 3.02 13.9 14.9 1.75 
6.40 1.12 6.93 
9.57 1.45 9.20 

15.5 5.~7 
7.BO 0.88 

(50 = Standard peviation) 

G1om. SO Gabbro 50 BasaIt 
Gabbro" Chill j Ooub 

45.9 . 
15.7 

" - ... ---
1.24 48.0 
0.41 13.9 
1.02 ,13.3 
0.29 6.12 
1.41 10.8 

Si02 
A1203 
fe tot 
MgO 
CaO 
Na20 
K20 
1102 
f-tl0 
P205 
LOI 

2.33 0.49 2.22 

1.21 
0.26 
1.17 
0.55 
1.51 
0.66 
0".19 
0.09 
0.02 
0.01 
1.16 

6.83 

1.66 1.73" 

13.5 
8.01 
9.85 
1.69 
0.36 
0.97 
0.17 
0.08 
3.15 

1.12 49.2 
2.00 13.7 
2.06 13.9 
1.31 7.34 
1.07 8.67 
0.36 2.52 
0.23 0.78 
0.13 1.2J 
0.03 0.30 
0.02 O.OB 
0.41 2.29 

8.74 l 00. Cl 

0.50 1.90' 

TÔTALS: 

Ba 
Be 
Cd 
Ce 
Co 
Cr 
Cu 
Dy • 

Eu 
La 
Li 
Mo 
~d 

. Ni 
'Pb 
Pr 

.Sc 
Sm 
V 
Zn 

Ga 
Nb 
Rb 
Sr 
Ta ' 
Th 
U 
y 

Zr 

~ 0.44 0.32 0.31 
1.37 0.47 1.28 
0.19 0.04 0.21 
0.10 0,.03 0.09 
2.54 0.43 3.30 

99.24 10.!B 99.94 

88.4 56.1 101 58.4 
or 2.00 0.77 0.38 0.70 

16.8 5.13 
48.6 8.64 
69.9 8~.8 

181 V.O 
5.,80 "2.18 
4.80 1.08 
6.90 10.0 
10.2 3.06 

89.0 24.1 
82.4 50.0 

22."5-:" 4.61 
4'2.5" 7.50 

70.0 121 
173 66.4 

1.13 1.96 
2.63 1.11 

~
13 4.9~ 

1 4 8.09 

54.4 0.7 
104 6.10 

45.9 3.94 42.63 ,2.3? 
0.3,0 0.90 01) \1 

455 ' 199 378 13.7 
72.6 20.7 96.5 30.9 

19.5 0.50 16.3 .6.B~ 

2.50 2.50 0,.38 0.99 
8 .. 00 2.00 10.0 6.60 

" , 
135 15.0 147 53.5 

4.50 4.50 0.71 1.75 
1;..50 1.50 6.86 1.46 
2~OO 2.00 2.00 1.77 
3Q.5 8.5022.96.10· 
97.5 32.5 83.6 4.40 

• 

O.OB 0.06 
2.44 0.84 
0.14 0.03 
0.21 0.11 
3.89 1.24 

99.23 16.43 99.38 

0.50 0.08 
0.07 1.30 
0.07 0.17 
0.01 0.10 
0.42' 3.79 

5. 94 ~99. ~~ 

5'8.3 33.1 "196 131 
1.00 0.00 0.43 0.73 

12.1 
~.l 

127 
615 

. 2.71 
,4.00 
"4.71 
10.9 

67.1 
315 

0.99 
22.9 
92.9 
454 

Q.70 
0.53 
3.37 
2.59 

6.47 
159 

15.7 7.78', 
41.0 9.02 

127 113 
115 61.4 

3.86 '3.76 
2.86 1..36 

2.43 2.1~ 
11.0 3.21 

69.3 ' 19.0 
116 3hO 

6.57 16.1 

32.1 5.84 46.1 3.80 

269 44.5 376 12.7 
112 83.2 9~.9 16.5 

1B.0 2.45 10.4 9.26 

12.7 10.1 
107 23.3 

1.67 2.36 
6.00 1.41 
1.,00 1.41 
19.0 0.00 
67.3 4.78 

17.0 24.1 
?l.7 71.4' 
1.43 2.26 
4.00 03.63 
0.57 1.40 
14.1 12.3 
43.,,4 37. B 

, 

• 

ri ,f ~ 1'-'f\'K'~?"h~~ 

;i, 

SO ' 

----------
1.31 
0.57 
0.71 
0.32 
6.49 
0.65 
0.03 
0.15 
0.02 
0.02 
1.23 

5.50 

-------------------~----------------------------------------------------------------

major elements in Wt~ trace elements in ppm nd = not detected blank space = not ~alyzed 

56 



'. 

o 

" , 

, 
G' 

4.3 Glomeroporphyritic Gabbros 
w 

As a result of the mechanical concentration ,~+ plagioclase 

phepocrysts, it was difficu1t to obtain 'glomeroporphyritic 

'gabbro sqmples "that were representative of the original 

liquid compos~tions. In terms of major eiement chemistry, 
.~ 

",sorne samples-from the centres of glomeroporphyritic sills w~re 

- different from the chilled margin reflecting the mechanical 

concentration of phenocrysts (for example sample, 99411 from 

~.the sill interior contains 19.2% Al2D3 while the chilled 
~ 

mar~in sample 99417. contains only 13.6% AI203). However, 

glomeroporphyritic chi1led margins'are similar to those of 
o 

ordinary gabbros (T,able 5, Fig. 26) , suggesting a common 
• 

parental ma<Jma. Minor differences in concéntrations of Co, 

Cu, Cr, V and Zn between the chilled margin and the centers of 
". . ' 

---...,/ ... 
g~omeroporphyritic g~bbro sills could aiso reflect the effects 

,oe flow differentiation. 
- , 

Plagioclase compositions reflect the composi~ion of 

the parental magma from whièh the plagioclase ;crystalli~es. 
1 

However, the common saussuritization of{gromerOPhe~oCrysts i~ 

the Frederickson Lake a~ea precludes a'simple .e~~imation of 

",' th~ir An cint~n;. In _~~der ,to .cir~umvel!t Ithis problem" a 

normative, calcul~tion 'was carried out based on chemical 
; ~ 1 

", 
analyses ·of.the most feldspar-rich glomeroporphyritic gabbro' 

o ( samp le 99411) • , This' calqulation yielded a' bulk rock . ~ 

plagioc~a~ composition of An 75;', which~ r~pres~nts the 

averag~ the.p~agièc~ase ~n 
in the glo~ertphen6crysts. 

plagiocl~se glJmerophenoCryst.s 

the grcrundmass lAn ...5 5) and that. 

composi tion'" 
, 

the Thus the of 

" 

is inferred to be greater tJ:ran 
d 

1 
.tE 
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Corroboration Ap. 
~alYSèS smal1 0.01' mm patches of unsaussur:j. tiz~d of 

plagioclase, which aie present in the cores of sorne pIagioclase 
). 

glomerophenocrysts. These patches - yield. an average 

. composi tion of An 82. . Theoretièally (Nielsen and D\iagan, 
r 

1983), the chilled margirt df the glomeroporphyritic '9,abbro 

should crystal1ize plagioclase with a maximum An content in 

the range 67-70 not An 75-82. TC- plagioclase 

gIOmerC?Ph~r~stsl th~refore appear to be too calciè to have 

for~ed from a liquid with the compo~ltion of, the chilled 

margine 

4.4 Rare Earth Element Analyse~ , 

Two basalts of the Menihek Formation, two ordinary g~bbro 
" 

chill-ed margins, and a glomeroporphyritic chill mar'gin (J-8) 

have similar, ,relatively fIat patterns with overall 

abundances app~oximately ten times chondrite (Fig. 29 a,p,c). 
, -1.' 

As shown earlie'r, trace element discrimina,tion diagrams- place 

the rocks of the Montagnais Group mainly within, 'the .ocean 
""-...J... 

fl:oor' i>asalt field. ,However the fla t, ME patterns of these 
1 

rocks contrast with the LREE depletion of most modern MORBs. 
o • 

REE dat~ also were obtained for plagioclase phenocrys~ 

i 

separates ("plag" and "matrix" ,in Fig. 129 d,e) and the 
. -> -

accompanying grouhdmass from both the glomeroporphyritic and 
1 

anorthosi tic gabbros. The purpose was to determine ·if the' 
\ 

J 

'plagiocla-?e glomerophenocrysts were geochemically related to - . 
"~e accompanying matrix. In the anorthositic gabbro, the , 

strong, positive Eu anomaly of the phenocrysts and mirrpr-image 

58 . 



.. 

( 

/ o 

o • \ t 

j 
! 59 

~u.tron acU vaUon analyses (in ppm) 'pr'ovided by the Geochemistry laboratory, U. de 
Cf 

.,.: 



c 

-,. 
'''111 /IIar,1 n. ,,'omo,.,arph)'C'ltic tlollllta.) 

a '0 

"8 

t -

0 
bOlal11 J,( Monlhek Formotlon) 

QI ... 
.::: 
'tI 
c: 
0 
~ JI2 

b u 
10 ..... 

QI "II 
Q. 
E 
è 
1/) 

o ~ __________________________________ ~ 

ch,llI morglns (ordlnor)' oobbro.) 

1 

c 10 

JI7 

• o 
La ,CI Nd Sm Eu Ho Tm yb Lu 1 

Fig. 2,9 Chondrite-normalized rare earth element di~grams .. , -, 

a. Glomeroporphyritic gabbro ·yhilled margi~s. Note the 
distinctive LREE enrichment in sample ~-19. 

b. Basal~s of the Menihek.Formation 
c. Ordinary gabbro chilI margins. Patterns are similar 

to the basalts of the Menihek Formation. 
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. Fig. 29 Chondrite-normalized (Ta1yor and Gorton} 1977) rare 
earth element diagrams. 

J d. Anorthositic gabbro. Note the mirror image patterns 
of the matrix and plagioclase separates. 1 

e. G1omeroporphyritic gabbro~ The matrix of samp1e J-
31 1acks a Eu anomaly. 
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-PBttern of the matrix suggest that the matrix liquid could 

, o. 
S 

have precipitated the phenocryst assemblage. The E,u anomaly 

in this gabbro als.o may have been enhan'ced by its high 

plagioe lase 

plagioclase 

phenOCryrt-matrix ratio (3:1). 

phenocrysts 'demonstrate the 

Growth rims on 

stage 

precipitation of plagioclase, which rnay account for the 

t 0 E l 0 th ( 0 d lOf h nega ~ ve u anoma y J.n e res~ ua matr~x. Patterns or t e j 

glomeroporphyritic gabbro 
t""'­
are harder to interpret because 

h o l 0/ h ' t ere J.5 no Eu anoma y ~n t e_matr~x. This suggests, but does 

notoprove, that the glomèrophenocrysts were not (precipitated 

from the rnatrix in which they now reside. 

o 

.. 
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CHAPTER PETROGRAPHY AND 
SHOWINGS 

GEOCHEMISTRY OF THE SULPHIDE 

5. Descriptions 'of Showings 

5.1.1 Frederickson Lake South Showing _ (glorneroporphyritie 
gabbro-hosted Cu-Ni deposit) 

Stratigraphie relationships for this area (Fig. 30) were 

determined from old diamond drill logs obtained from the 

Hollinger North Shore Exploration company (HNS); surface 

exposure was poor. 'North of this showing, a th in band 'of 

black argillite containing sulphide-facies iron fo~mation is 

intruded along its western contact by a 50 metre-thick sill of 
J 

glomeroporphyritie gabbro. To the east, tqe argillite is 

intruded by a thicker ordinary gabbro sille The eastern 
-

ordinary gabbro sill exhibits partial transformation of , 

clinopyroxene to actinolite, a texture also observed in lower 

regions of other ordinàry gabbro ~ills. The eastern band of 

argillite pinches out along strik~ to the south, leaving the 

glomeroporphyritic gabbro in direct contact with the ordinary 

gabbro sill close to the zone of.mineralization (Fig. 30; Map 

2) • Xenoliths of sedimentary rock ,within the 

gloméroporphyritic 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 
,J 

the glomeroporphyritic' sill and is oriented paràllel both te 

sill margins and te internaI f10w banding ( Fig. 30') • The 
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the Frederickson 
Zn-eu-Pb lens to 
and the abrupt 
near the south 

showing~ The two showings are separated by 2 000 metres. 
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-0 
wéstern contact of the sulphide body is sharp; its eastern 

contact is diffusei the percentage of sulphides decreases 

upwards to form net-textured sulphide' mineralization. This 

texture suggests that sil1 tops' are towards the east. 

Although the tal:1\f1ar nature of the sulphide body 1ed ,early 

workers to describe it'"as a vein (Griffis, 1945), the 
:lt,'>" 

thel sulphi~e·:.Jeps and the absence of metasomatic 
• ~l ,"', 

asymmetry of 

al teration at 
c, ',J';'j// that 

its margims'su~gesG it is syngenetic rather than 
1 ,- f\ 

epigenetic. 
c 

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

sulphide lens appears to be richer in Ni and CU (0.81% and 
r 

4.19 % ,respectively) than the lower part (0.23% and o . 61 %') • 

Disseminated su1phides 4 m above the massive zone assayed 

0.66% 'Cu and 0.14% Ni (Appendlx 1). The overall gradfi of the 
--- ~---- ".. \-

deposit" however, is low, 1.5% Cu and 0.5% Ni. -'-Three~--~ 

sampi es' of ~U-Ni miner~liza~ion were an~YZed for the platinum 
;C~ . 

, group elements Pt, Pd and Rh; on0::;sample assayed 0.73 g/t Pd. 
\ 

Disseminated sulphides consisting mainly of pyrrhotite 

are present withih the matrix of the gl~meroporphyritic gabbro 
~ 

alon~ strike from the main ore lens. The largest of these 

occurrences is located 500 m northwest of the main sulphide 

showing. 1 
5.1. 2 Frederlckson Lake North 

de po s·i t) 
(sediment-hosted Zn-Cu-Pb 

1\ 
, '" 

A1though exposure 'is poor, this showing appears to occur 

stratigraphically above (i. e. to the east of) the 

glomeroporphyri tic (gla~brO hosting the Southern deposit. 

Fournier (1983) suggested that this showing is bounded to the , 
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east by a glomeroporphyritic gabbro; however, it is suggested 

here that the glomeroporphyritic gabbro lies to the west of 

the s~owing (Fig. 30). . The contact zone of the eastern 

gabbro is again marked by incomplete alteration of pyrpxene 

to amphibole as seen in other gabbro chilled margins. 
-
Drilling by HNS in 1944 indicated that a massive Zn-Cu-

Pb-rich sulphide 1ens about 2 meters thick occurs within 

black argillite and extends for 200 m para1lel to the 

ordinary gabbro contact. The best assays obtained by HNS were 

from DDH-7, which returned 14.1% Zn, 2.25% Cu, 1.76% Pb and 
1 

10.1 oz/ton Ag over 1.3 meters. Drill logs indicat~ that 

disseminated sulphides and quartz-carbonate veins with pyrite 

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

probably beneath it). --SU-l~hide--f~cies iron formation occurs \-. 

along strike from the sulphide lens, but its contact relation 

with the.lens is unknown. The drill logs also indicate that 

the host black argi11ite is siliceous around the ore lens 

and that' two breceia zones aFe present. The first zone .. 

oeeurs wH:.hin the massive sulphide ore; the second zone, whiqh 

is several meters in thickness, occurs 40 m below the massive 

ore (Hogg, 1957). Breccia fragments are described as 
. 

vol canic, but t?is could .not be, confirAled dur ing the 

studYi only a few surface blocks of stlphide-rich l 

were located. ) . . 

present 

breccia 
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5.1.3 Other ~owings in the Frederickson Lake Region 

~ Other glomeroporphyritictgabbro-hosted Cu-Ni showings in 

\, 

o 

the ,region include the Gossan 1 and Connolly showings (Map 1; 

Fig. 2). Both of these occur adjacent to sulphide-facies iron 

formation. The g~omeropo~phyritic 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 chalcopyrite. 

Sediment-hosted sulphides in the area are present,at the 

Jimmick Lake, Gossan Lake and Faute showings. P\.t Jimmi.ck 

Lake; sulphides occur close to th~ nose of a major antiformàl 

syncllne; this is the only showlng ~hich has any visible 
"ù 

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 

Faute Lake showings are essentlally sulphide-facies iron 

formation with rare disseminated éhalcopyrite. 

5.2 Sulphide Petrology 

5.2.1 Cu-Ni Deposits 

In these deposits ~yrrhotite is the most abundant phase 

and forms the matrix for other sulphides (Fig. 31). The 

occur-rence of many sub-grain- boundafies suggests 

recrystallization. Pentlandite is p;esent as exsolution 

fl~mes 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 crystal~ and as , 
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Fig. 31 Microphotograph of a polished sectiQn of Cu-Ni 
mineralization from the', Frederickson Lake South showing. 
(po=pyrrhotite, py=pyrite, mag=magneti;te, cpy=chalc9pyrite, 
gan=gangue) r 
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exsolution lamel'lae within tl).e massive pyrrhotite. 
1 

is present as rounded grains_ and only rarely 
1 

Magnetite 
, 1) 

con'tains 

exsolution \amellae of ilmenite., Pyrite,is rare, occurring 
\ 

both as small cubes (0.05 mm) within the pyrFhotite matrix and 
(.Jo -

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

gangue minera! in the zone of massive mineralization-. Towards 

the top of the sulphide lens, 
"t, 
where a is 

developed, chlorite and epidote after clinopyroxene become 

more common. 

5.2.2 Zn-eu-pb Deposits (Frederickson Lake North) 

Megascopically, the massive mineralization at 
~ 

Frederickson Lake, North has a layered appearan~e resulting 

frorfl alterna ting spha leri te.-gaiena-rich and iron sulphide-

chalcopyrite-rich bqnds (Fig. 32) . Deformation of the 

sulphipe lens was not evident in outerop, but eut specimens 

of massive orè ·--exhibi ted minor folding (Fig. 32) . The 
'1 -

pyrrhotite-rich. layers contain abundant anhedral masses of 
9 

chalcopyrite and large pyrite cubes. Sphalerite occurs as 

anhedral masses surrounding anhed;al grains of gaiena. Small, 

oriented and-unoriented inclusions of chalcopyrite are common 

within sphalerite (Fig. 33). Trace amoupts of arsenopyrite 

occur as euhedral,. diamond-shaped ~rystals. A simïlar mineraI 

assemblage is present in the brèccia hori~on of th~ ore lens, 

where it forms the matrix to cherty argillite clasts up to 

5 cm in diameter. 

On - the basis of the anhedral nature of the 1 ga lena and 

chalcopyrite in the massive mineraJization, Fournier (1983) 

proposed that these were the last-formed sulphide mineraIs. 
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Fig. 32 Hand sarnple tracing of QZn-Cu-Pb mineralization from 
~the Frederickson Lake North showing (ac~ual sïze). Note the 
deformat,ion of bedding -by minor folds and the develôpment of 
lar,ge pyrite porphyroblasts. Refer to Figure 31 for symbols. 

O.2mm "1 

Fig. 33 'Micr~phot9graph of polis~ed section of Zn-Cu-Pb 
mineralization from the Fredericks~n Lake-North showing. Note 
inclusions of chalcopyrite in sphal~rite. Refer to Figure 31 
for symbols. 
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However, anhedral textures for these:su1phides ~l~o ~ommonly 
< 

result frpm rnetamorphism (Volkê~, 1969). Ïn any .case, ,~he 

lack of primary ~extures in the Zn-Cu-Pb deposits makes 
"n' r tf? ....... o,j l<-

it 

impossible to determine the original mineraI par~genesis. 
~ ~ - ;t-" 

~i>-'" 

5.2.3 po-Py ri~h sediments 
I! 

These sediments were classifie"d ~in the 'field 
, 
as 

Such cornmorl y sulphide-facies irop for~ation. , c:::::- .,p ~ 
sediments 

contain -50% iron sulph'iqes, mainly ~as pyrrhoti te, wi th, minor. 

The pyr;hotite' is .recrystaifized P and intergrown pyri'&e . 

with silicate grélin's (}'lg. 8). Pyrrhoti t'e-rlch b9J:ll,der.s of 
, 

sulphide-facies 
, 

iron formation 'on the eastern flank 
<# 

of the 

Jimmick Lake antïfo~mal syncline exhibit schistocxty parallel 

~ ,J _~ .. ; 111 
, 

, 
to bedd'ing a-nd rec:ristal1ijation o~ pyrrhotite. ·---Baà~~t:-a-1-~t. 

and gold concentration~ in 'po-py rich sedimeots are low 

(Append~x l). ~ 

5.3 
b, . 

Geochemistry of.the S~owings~ 
, 

.5.4.1 /Ni/cu'ratios of Gabb~o-Hos~ed Minèrali~ation. 
, . 

Ni/Cu ratios have been app1ied. to magmatLÎ.c Cu-Nt sulphide 

deposits to infer parental m~gma c~mpositions an~the timing 

of sulphide liquid' imrni~cibi1ity with to oliviI)e 
, 

;-espect 
. 

fractionation . Olivine fractionatiqn rapidly depletes a . 
magma of 1 Ni but increases the amount of Cu in the Te1?idû.-a.l 

• 0 

l iquip.. A low Ni/Cu rati.o of . 0.35 10r ~he Frederickson 
• 

Lake South sl)owing, and . siIni 1 ar ~atios for other 
, 

glomeroporphyri tic, gabbro-hosted " CU"N~ deposi.ts of the 
n • • 

Labrador Trough 
j' 

fractLonation rnay 

.(,Fournier, 1983), indicate 

have depleted the magma in 

\ ' 
'oliV'ihe 

\ 

Ni 
".. 

71 
, 
i 

1 

". 

" 



." . 

, . 

f 

.... 

, 

, ., 
l ',,\ 

, .. 
sulphide 1iquid immiscibility. By,contrast, komatiite-ho~ted 

Ni-Cu deposits, with Ni/Cu ratios of up to 15, are inferred to 

reflect ear1y sulphide l.iquid irnmiscibility relative" to 

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

ta note that the ultrama[ic~h~sted Cu-Ni sulphide deposits of 

the MO~gnais 'Group (type 1) have Ni/Cu "ratios that are 
~ . 

similar to the glomeroporphyritic gabbro-hosted deposits (type . 
• 

2 ) • , suggests that the trarnafic rocks are cumulates 
, 
that forme,d from a gabbroic magma. 

5.3.2 

.syngenetic rnagmatic sulphide deposits are generally 
, 

a~tributed to the separation of an irnmiscible sulphid~ liquid 
.. 

from a silicaue melt (Vogt, 1893). Elements enter the 

sulphide liquia in proportion ta their sulphide-silicaté 

partition coefficients (Table 7: MacLean and Shimazaki, 1976; 

Nal~rett, 1981) .. For the econornica11y important elements 
, 

Cu, Ni and' PGE, the coefficients are »1, ~us sulphide 

. 1 iquids 

from 
! 

coeffi 
\ 

silicate 

liquid, 

are abl'e to scaveng,e and concentrate these elements 

silicate 
\ 

liquids. If the iI)itial 

final concentration, and 
. -

nt for any element are known, then the proportio of 

(iqUid 'that has equilibrated with a given sulp iàe 

its R value, can be calculated (Ta~le 7b). Large R 

values (up' to la 000) imply that the sulphide liquid has 
. t 

,equilibrated with a large volume of silicate 1iquid, whereas 

small values (below 500) indicate' the opposite (ca~pbell and 

Na1drett, -1979). 
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Partition coefficients betwee~ silicate and sulphide liquids 
'for selected elèment~. 

----.--------~-~-----------------------------------------------
, , 1 

Ni 
1 

Cu 
l, 

. Pt 
1 

Pd 
2 

Zn 

""" 
-----~--~------~------------------------------------------------
Komatiitic liq~ids 

27 % MgO 
119 % MgO 

Basaltic liquids 

100,,-
175 
275 

25.Q 
250 
250 

. , 

1 000 
1 000 
1 000 

1.500 
-1 500 
1 500, .1-.5 10 

--~---------------------~------------------~--------------------
Sources: 1 Naldrett (19S1) 

2 - MacLean and Shimazaki (1976) 
2 - Shimazaki ànd MacLean (1976) 

Note: Campbell and Barnés (1984) suggested that the partitioni 

coefficients for the PGE' are as high as 1 000 000. 

" 

Table 7b Formula for R' vêLlue 

where: . 

, 

Yi = Di * Xi * (R + 1) " 

(R + Di) 

R=silicate~5ulphide ratio 
Yi=final concentration of element in sulphide liquid 
Xi=initial concentration of elem~nt in silicate liqui9 
Di=partition coeffiéie~t .. 

, 
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\t Magma-sulphide ratios have been used to argue tha:t the 

Pipe nickel deposit of the Manitoba Nickel Belt fGrmed through 

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

value of 43 for this deposit was interpreted as indicating an 

excess of sulphur above' tha~ which could be dissolvèd in the 

parental magma. This excess °sulphur was considered to' 

reflect assimilation .of sulphide-rich sediments. 

R va lues were ca lculated for the Freder ickson Lake Cu-.... 
Ni showihgo, using initial values of 11 0 ppm Ni and 300 ppm Cu 

,ival ues for the chilled margin of the host glomeroporphyrl tic 

gabbro; sample 99417, Appendix 1). The res~lting R valués 

range, between 53 for Ni and 57 for Cu, suggesting that the 

sulphide liquid which formed the deposiu did not equilibrate 

with large volumes of silicàte liquide This. rnay inqicate 

that sulphide 'liquid immiscibility occurred late in the 

magma tic history of the host glomeroporphyritic gabbros. 

5.3.3 Zn-eu-Pb ratios in sediment-hosted~iner~lization 

On the ternary plot of'Gustafson and williams (1981), 
'\. 

data from the Frederickson Lake Zn-Cu-Pb showing fal.l_ in' both 

the, sediment-hasted and volcanogenic ma~sive sulphide fields 

(Fig. 34). Sediment-hosted stratiform sulphide deposits can 

,be divided into two generally separate classes, Cu-rich and , ~ 

Pb-in-rich (Gustafso~ and Williams, 1981). The Frederickson 

Lake yulphides are similar to the Zn-Pb'class bec~use of the 

dominance of (Zn+Pb), over Cu, but in general conta in tao mucn 

copper to be directly analogous. They have Zn~Cu-?b values 

similar- \0 the Koke showing (Fig. l, showing #8) of the!' 
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Fig., 34 Cu":,,Zn-Pb diagram for massive sulphides at the 
Frederickson Lake Nort~ showing. 

A. 

B. 

volcanogenic massive 
pélissonnier, 1972) 
sediment hosted I Pb- Zn 
(estimated from Gustafson 

.' 

sulphide fie1d 

massive ,sulphide 
and Williams, 1981) 

( from 

field 
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Northern Labrador Trough (R. Wares; pe~s. comm., 1987). 
;. 

\ ' 

5.3.4 Sulphur-Selenium Ratios 
o 

SISe ratio~ for two samples of each of the three main 

types of mineralization are given in Table 8. The SISe ratio 

has been proposed as a possible discriminant between magmatic 

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

'Mineralization with SiSe ratios below la 000 (cosmic ratio 7 \ 
/ 

000; Cameron, 196B) have been interpreted as magmatic in 

origin whLle those with higher ratios have been conside~ed . as 

However, not aIl sedimentary rocks 

are depleted in Se, and seleniferous sedimentary provinces are 
1 

known to exist (Stanton, 1972). Although SiSe ratios have 

been employed as discriminators by Naldrett (19~1), Thompson 

and Naldret~ (1984), ànd Eckstrand and Bulbert (1987), their 

use recently has been 

because- the behaviour 

criticized by AUClair-j·t y 

0' both selenium a d ... 

al., (1987) 

sulphur, in 

hydrotherrnal systems is variably affected by pH and f02. 
1 

Notwithstanding, this method still appears valid for 

purely magmatic deposits, The average ratio of 5000' for the 

two samples of glomeroporphyritiè gabbro-hosted Cu-Ni ore is 
! 

-compatible with a magmatic o~igin ,for the ore. The low sYse 

ratios also imply that ~e glomeroporphyritic gabbros have~not 

assimilated t!rge volumes of sedimentary sulphides, as this 

would increase the ratio. The average ratio of 30 000 for 

the Zh-Cu-Pb sediment-hosted sulphides is compâtible with a 

sedimentarY,origin for th~ sulphides. 

1 
~.' 

-- .. ",.. .... " 

1 
, , 

~ 
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Table 8 

Analyses of su1phur and selenium 

------------------------------------------------~------------
sample type . S % Se ppm siSe 

~ ---------------------------------------------------------~---
1 argi11ite rich in po-py 32.7 , 20 16' 450' 
2 argi11ite rich in -po-py 15.9 10 15 9-00 
3 Zn-Cu-Pb (prederickson N.) 42.5 10 42 500 
4 'Zn-Cu-Pb (Prederickson N.) 38.5 20 19 250 
5 Cu-Ni (prederickson S.) 35.2 70 ~ 030 
6 Cu-Ni (Frederickson S.) 25.0 50 5 000 

~ 

,~ ----------------------------------------------------------~--

o 

Ana1yst: D. Toye - Acme A~a1ytical Laboratories Ltd 

lower 1imit of detection 

\. 

S: 0.01% 
Se: 1 ppm 

NOTE: . <.(. 
ln arder for sample 6 to equa1 the average value sise of the 
Zn-Cu-Pb mineralization (-30 000) the Se value would have to 
be reduced by 85%. Thus even with an ana1vtical error of 20% 
with respect ta t~e Se value, the SISe ratio would still reflect magmatic 
values. . 

• 
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Sulphur Isotopes 
~, 

Contamination of gabbroic magmas with crustal sulphur 

was proposed by Sullivan (1959) to explain the Cu-Ni deposits 
\ 

of the, Thompson Belt. 

this meehanism for 

(Noril 'sk: 
l ' 

Godlevski 

Later sulphur 

a variety of 

and Grinenko, 

isotope s,tudies invoked 

ga~brO-~'lOste~{ creposi ts 
1 

- ! 
1963; DulutH Complex: 

Naldrett and Mainwaring, 1977; Ripley, 1981; Rao and Ripley, 

1983; Thompson and Naldrett, 
. 

1984; Ripley and Alfkwi, 1986; 
{' 

, ...... Ripley and AI-Jassar, 1987; ,Bushveld {Potgietersrus Limb): 

1> 

Buchanan and' Rouse, 1984)~ Early work on the Water Hen' 

deposit ( Duluth comp~ex) sulphur 
, \ 

suggested that was 

incorpora ted into the Water Hen intrusion by the assimilation 

and melting of local sulphur-rich,sedimentary rocks (Naldrett 

and Mainwar ing , 1977). 
• 

Later studies of the Dunka Road -.. 
deposit (Duluth Complex) proposed that sulphur was transferred 

to the melt as a vapour phase produced b~ contact metamorphic 

breakdown of pyrite in wall rocks and sedimentary xenoliths t 

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

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

'<) a Jassar, 1987} de~onstrated that sulphur incorporation took 
/ 

; 
place in auxiliary ma~ma chambers at depth rather than at'the, 

" 
presently exposed Ievel of the Duluth co~pl~x. 

~ /. 
Although fract~nation of sulphur isotopes during 

, 1 T 

regional or contact metamorphism poten~ially complicates the 

interp'retation of sulphur isotopie data, metamorphosed 

deposits are thought to retaïn their initial sulphur isotopie 

r'atios up to amphibo lite facies if there' i8 no change in 
. . 

mineraI ogy (Ohmoto and -Rye, 1979). However, experimental 
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work by Kajiwara" et al., (1981) detected significant sulphur 

isotope fractipnation during the thermal de,co~position ~ of 
, 

pyrite to pyrrhotite and sulphur at 600,C. In their study, 

the initial su1phur vapqur was 12 per mil lower than the 

'source pyrite,' and the finAl pyrrhotite residue was enriched 

by 4 • 5 pe r mil. Theser large degr.es of frac-t;ionàtion "are,' 

however ,t s omeWJ.,a.t controversial because of the high 

temperature at which fractionation took place. 

Al-Jassar (1987) found no evidence for such 

Ripley and 

S -isotope . 
> fractionation between pyrrhotite and pyrite 1,n·the Babbitt ,gabbro­

hosted depos i t. 

In , the Frederickson Lake area , glOm~roPOrPhyritie -. 
gabbros have intruded sulphur-rich sediments. . . In order to 

asses~ whe~er mixing'of magmatic and sedimentary sulphur 
\" "-

has occurred, the SUIPhU~ isotopie ~omposition of pyrrhotite 

\ was determined for' \ pyrrho,tite separates from 

\ g 1 omeroporphyd ti c 9 abbro-h,\sted cu~ Ni depo s i ts , sedimen j;­

'~~sted . Zn-Cu - Pb depos i ts , a~d sul phi de- facies iron f or~a tion 

(~able 9). In addition th~ isotopie composition of whole 
{) 
~ " 

roc sulphur from the ordinary ga~bro si1ls was me~shred: 

Six p~rrhotites from the Frederickson Lak~ South Cu-Ni 

deposi had an a~erage d 834 value of +3.7 per mil (Fig. 35). 

Two pyr ,hotites from a disseminatedoCu-Ni sulphide occurrence, 

500 fi n~thwest and along strike of the main showing, .had .an 

~verage d \534 value, of +19.6 per mil. Three pyrrhotites from 

separate ~catioftS at the Fr~erickson Lake North "Zn-eu-Pb 

shqwing yie~ded a tight cluster~ng of d 834 values at +9.2 per 
i 

J -
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Table 9 

SùIph~r isotope analyses of pyrrhotite mIneraI separates'rrom 
the Frederickson Lake area 

1 
\ 

1 
1 .: 

--------------------------------------\---~--------------~-----r \ 
. Sample Showing and' Type 

of Mïneralization 

1 

d S34 ,+/- 0\.2) 
1 

.;...:--------- ~- --------- - --- - -- -- - - ------ -- -\..--- - ---- - - ---"- -r' - ---
f\ 'b" \ • 

SI 
S2 
S3 
S4 

S5 ) 86 
S7 

'-Sa-
S9 
S10 
SB 
S12 
S13 
S14 
SIS 

\ 

S. (Cu-Ni) 
S. (Cu-Ni) 
S. (Cu-Ni) 

Frederickson 
Frederickson 
Frederickson 
Frederickson 
Frederickson 
Fredérickson 
Frederickson 
Secalar Lake 
Gossan-l 
Frederickson S. 
Frederickson S. 
Frederiékson S. 

N. (Zn-Cu-Pb) 
N. (Zn-Cu-Pb) 
N. (Zn-Cu-Pb) 
N. (po-Py) 

Disseminated Po 
Disseminated Po 
Ordi;nary Gabbro 

(po-Py) 
(po-Py 
(Cu-Ni) 
(Cu-Ni) 
(Cu-Ni) 
NE of Frederickson 
NE of Frederickson 
bulk rock sulphur 

, i 
\ 3.4 pe~ mil 
\ 3.6 

3.6 
9.2 
9.3 
9.3 
3.9 
2.4 
4.1 
3.8 
4.0 
3.7 

S.(Cu-Ni) '18.9 
S.(Cu-Ni) 20.4 

*2.2 +j- 0 .. 5 

~--~--ï----------------------~---------------~-~-------------,--

.Deposi Type 

Freèer±ck~on South (Cu-Ni) 
Frederickson North (Zn-Cu-Pb) 
Sulphide-Facies Iron Formation 
Menihek Formation\(Cameron, 198%) 

average 
value 

3.7 
9.2 
3.5 
3.'1 

standard 
dev'iation 

0.2 
0.05 
o • 9 -
0.9 

# of 
samples 

6 
- 3 

3 
12 

* Kiba extraction - higher analytical uncèrtainty is due ta the 
low sulphur content of the sample 

\ 
S1-S9 analyzed at Universite du Quebec a Montreal by C. Gariepy 
S10-S15 ana1yzed at- the 'University .of Ottawa by J. St-Jean 
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Fig. 35 Sulphur isotope data from the Frederickson Lake 
region and from other selected deposits. l, 2 Mainwaring and 
Naldrètt (1977), 3 Godlevski and Grinenko (1963), 4 Ripley 
(1981), 5 Eckstrand (1983), 6 Cameron (1983). 
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The d S34 values of pyrrhotites f~om three widely 

of 9ulphide-facies iron formation ranged 

+ 4 . l per mi l , with»an average 

Region lly, over a 77 km interva~, the sulphide-facies iron 

~ formatio the 'Menihek Formation has a similar average d 834 

value of 0.9 per mil (Cameron, 1983). A ,samp1e of 
. l' " \ 

bulk from an ordinary gabbro si~l had a value of 

+2.2 +j-

The d 834 value of primary magmatic mineraIs in mafic ta 

ul tramafic rock!:; depends' on the temperature and f02 ,of the 

magma, bu.t is -hel ieved to be between -1.0 anp., +2.0 _ wi th an 

'C"average value .of +1.3 per mil (Ohmoto and Rye, ~979). 

However, magmatic $ulphides in the Bushveld complex range from 

-0.6 ta +3.'5 - per mil (Buchanan and Rbuse, 1984). BX 
i), 

contrast, sulphides within the wate~, Ben "intrusion of the , . o • , 
\ 

Duluth 'Complex had an average d 834 value of +15 - miÎ per 

(Mainwaring and Naldrett, 1977). Adjacent sediments had an 

,average sulphur isotopie value of +18 per mil. Because of 

the extreme difference between the isotopie èomposition of J 

, 
sulphides in, the Water Ben intrusio~and the ideal magmatic 

) 

• 
value of zero, a significant addi~ion of sediment~ry sulphur 

, 
to the Water Ben intrusion could be demonstrated. In the , 

Fre~erickson, Lake area, the value of +3.5 per mil for the 

probable assimilan~ (sulphide-facies iron formation) ig too 

close to the pos'sible range of natural magmatic values' to 
1 

conclusively demonstrate mixing. .The value of +~.7 per $i1 
• u 

for the Frederickson Lake South showing May reflect a minor , 
1 • l h component Qf non-magmat1c su pur. 

" ) 

1 
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Pyrrhotites from the sediment-hosted Zn-eu-Pb showing 

have an isotopie value (+9.2 per mil) whieh is signifieantly 

higher than tho'se from sulphide-faeies iron formation of the 

Menirrek .Formation (+3.7 per mil;' Cameron, 1983). rf the, 
, , 

fOf"mer .pyrrhot~tes are syn3eél~mentary, the value of +9.2 would 

refle~t the isotopie composition of su~phur deposited on the 

seafloor. T~e large differenèe in the d 534 yalues of the . . 
sediment and gabbro-hosted deposits makes it unlikely that 

\ 

both types of deposits formed' as, immiseible sulphide< liquids, 

as suggested by Fournier (1983).· . " 
Cl. 

The average d 534 value of +19.7 per mil for the sm,ll 

, "l"" \al~~~~~ t:~~~ suiphide showing in glomeroporphyri tic gabbro is 
\" ~a', .- .~ 

~ 

problematic. (normal magmatie source ean be ruled ·out, as 

. can assimilatio of sediment ,(even the Zn-eu-Pb sulphide lens 

only has an 

Il, 'l,' 

) ", \~ , , 

ge value of +9.2 per mil) • 

• 1 

" 

'. 
\ 

\ 

AIr 

\ 

..... 

.; 

-------....... 
~~ 
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CHAprrER 6 DISCUSSION 

/ 

6.1 Evolutiol'} of the Labrador Trough - Upper Cyole II 

Regiona11y', the Menihek Formation overl.ies shallow-, 

water she1f se.diments. It was deposited following the 

flooding of an epicontinent~l shelf wedge during the seçond 

'major marine transgression identified in the Labrador Troùgh 

(Cyèle II). Wardle and Bai1ey (1981) have proposed a 

tur~idite orig~n for the bulk of the Menihek Formation; 
l ' 

Baragar (~967) emphasized that both volcanic te~rains and 

basement gnei~s~s were imbortant in supplyfng detritus. 
o 

within the Frederiekson lake area, limited sediment 

preservation preeludes a eomp~ete stratigraphie 

reeonstr:-uctioI\., al though a few infere~ces ab,out the originë;ll 

deposi ~.J:onal env,ironment ean be made. 1 The extreme1y fine-

grained ~laminations pres~rved witJ:;1in the : sulphide-rich 
1 

argil1ites 
. 

d'eposi tiàn 
, 

,~n'dicate in' quiet i water. The 
( 

i'nter1aminatêd sandstones and si l tstone~ are reminiscent of 

distal turbi.di tes, although complete Bouma- sequences with 

grading and para11e1 lamina tions are absent .. The 

compositional the quartzite beds that occur wit}:1 

the and si1tstones appears' to 
o 

conflict witl). o~igin, alt~ough fine-grained 

quartz sand~ from she1f environments eonceivably eoul<f' have 

been transported by mass flow mechanisms into deep water 

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

voleanism during Menihek deposition is indicated QY the 

presen.ce of minor, 'interrne(Üate tuf f hori zons wi thin the 
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", ." 

sandstone-siltstone layers and by thin .basaltiç flows in' its 
o 

upper stratigraphie levels. 
, " 

The Menihek Format~on has bee~ correlated with the . ;.. , 
Doublet Group (Ward1e and Bailey, 1981; ,F~r'nier, 1983). It 

appears ~hat ~he Menihek Formàtion was deposited during the 
~ 

transibion of th~ iabrador ~roti~h from a relatively deep . 

~ater, sediment-dominated environment to a volcaqic~dominated, . ~ 

environment . Baragar (1967)· propose~.that gabbro sills of 
. 

the Montagnais Group are most likely ~hB sub'volcanic 

equivalent of the extrusive rocks of the Doublet. Group. This 

°relationship is supported by the cnemical.similarity between 

~abbroic chi11ed margi~s and, basalts of the Menihek Fdrrnation 

(Figs. 25,26). 

1 

6.2' Genesis 6f Glqmeroporphyriti~ Gabbros 

Glorneroporphyritic gabbro~ are a minor but c~nsist~~t 

eomponen~ of mafie magmatic environments rahging from Arche~n 
i 

g~eenstone belts (Green, 197~; Phinney and Morrison, 1982; 

1984) to Proterozolc volcano-sedimentary belts (Baragar, 
, . o • . . ~ 

1967), and modern ocean-flodr b~sal~ tertains (Flower, 
1 

1980; 

Cullen et al., in press). Nevertheless, their genesis às 
'9 

poorly understood. 
l, 

Green (1975) and Phiriney and Morrison 

(1982, ,1984~ 1985) have s~ggested that these gabbros resuJt 

from the fraetional erystaillzation of plagioclase from 

primitive . . 
T ~ li ' 

magma~ at deep crustal levels. Ashwal 'et al. 
~ 

(1983) and Phinney and Morri:7)198~) have poi'nted out 

possible genetie link b~tween gl~meroporphyritic, gapbros and 

anorJhosite complexes. ' 
l, 
1 

1 
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Phenocrysts in the glomeroporph.yri. ti e qnbbros n t"f' mor~" 

calcic tha.'n normative values calculated f 91" t Ik' cil i 1 ll'd 
1 

margins (section 4.3). Such cê\lcV phenoctysts could IHWP 

-
been produced ~ither from a more primitivo l11.:lfic maqI11<1 or front 

a gabbroic magma contaminated by contlnentdl crus~. f\10dt' l s 

t.favouring ~ a parental I11agma of prinll.tivt-? cornpo'sJtiol1 fOI" 

Archean glomeroporphyritic gabbros with calC'ic pllpllocrystL; 
. 

h.?ve been developed Dy Pl~inney élnc1 
~ 

Morrlson (1~82, 1984, 
. , 

1985). In these models, it is aS,sumed that primitiyl' maglllds 
they , 

are trapped ai the crust-Ï1tantle bound.:'lry when~ f\ frr1ct l olldtpd 
1 

Mg-rich olivinè and calcic plagioclase. 

phenoc:r;y3ts .,...... 
models are 

C> 

are later entrained ;ln upw(~lllng IlliHJ/Tld!3. 

dif~icul t to verify j n the field bO('ùUSt~ 

SUCll 

tht! 

~ requ!sl t'e maflc curnulates would haue Iwon rctélJ.npd- dt low 

1 1 l h '1 - '"":""\ eve s .. ln t 1e crust t at are not present y cxposC'd • .. 
plagioclase 'phenocrysts (Ân 85-91.5) "whi"bh Lire pn!$ent in 

.. 
1 MORBs may have formed in this manner (WilJd.nson,1982). '['he 

occurrence of caleic plagioclase phenocrysts ln 

basalts far removed Irom continental ciust 

Archipelagoi ,'Cullen et al-. ~ in press) suggosts that such 
\ 

phenocrysts can form in the ab~enee of contamination by 

continenta 1 cJ,;:u-st. 

Assimilation of'continen~?l crust can e[fcct th0 An 

content of (plagiOClaSe in"gabbroic,bodics by modlfylny the Al­

Si ;ratio<' of the melt. Hawever, models ( fnvouriny 
, . 

assimilation _ are 
\ 

const::r;ained by 
.. 

t,he small amount of 

continental crust that a ,maLle magma can assimi lare beforc:~ 

the latent heat of crystaillzatio~ is cansumed and the magma 
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'J,Qlidifies {c.f~. Bowen, 1928). It is unlike~y that\ thin, 
, 

suhvolcani~ glomeroporphyriti6 sills ~ould -assimilate much 
, 

sediment, although assimilatio~ is possible at deeper crustal 

levels .. 

...... 

, 

/' 
36 illus~rates the effects of variable amounts of 

uI">por crllsÙü contamination on the REE pattern of the average 

gabbro ch] l,led .rnargin liquide A composite sample of Post 

Archcan Australian Shales, (.t;'AAS) waJ 'chosen as the assimilant 

. (rray lor and McLennan, 1985) because of its similarity to the 

argillites of the Menihek Formation 3 Î ) • 

lowcrmost 
1 

I1ne pn Figure 36 represents the avera~e of gabbro 
, ) . 

chilled marg ins and basa 1 ts of the Menihek Formation but 
, . ~ 

excludes LREE enriched sample J~19. /Although contamination 

of the gabbroic liquid by as little as 5-10% PAAS should be 

~uch 
, 

detectable using a plot, there is no way 'Qf verifying , \ -
tha t the liguid itsélf 'was not previously contaminated. 

'l'he LREE en~1ched 8,,\mple J-19 was taken from the same 

glomero~orphyritic sil1 as sample J-8 (Fig. 29a) which has a 
'1 . - ' 

fiat R''EE pattern. it is unlikely that one portion of the' 

chilled margin could assimilate greater than 10% of the 

-.. Thus, ! , 
v " 
sample J-19 may refl ect a surrounding sediment. 

local, sel ecti ve contamination of LREE; no other expl anation 15 .-' 

"-- obvious. 

,The chemîcal sirnilarity of the glomeroporphyritic and 

ordinary gabbro chilled margins in the study area and the 

unlikelihood .that the original magma could produce;very calcic 
--t-

plagioclase phenocrysts suggest 

'1 
that $~ch phenocrysts may 
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Fig. 36 Diagram illustrating the effect of contaminating 
the average gabbroic liquid of the Frederickson Lake are·a with 
~pper contiriental crust. Upper continental crust is 
represented by PAAS (Taylor and McLennan, 1985). The average 
gabbroic liquid represents the av~rage of gabbro cnilled 
margins (excluding LREE enriched sample J-19) and basalts of 
the Menihek Formation. The 1ines 1abelled 5% and 10% represent th~ 
patterns which wou1d resu1t from contamination of average chi11 1iquid by 
5% and 10% PAAS. 
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,Fig. 37 Th-La-Sc diagram (Taylor and McLennan, I985). The 
argillites of the"Menihek For~ation (X) plot witbin or close 
to the upper continenta~ crust field. Two gabbro chilled 
margins, but hot sarn~le J-19, plot dlose to oceanic crus~. 
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• 1 

,r 

have 'been introduced into. ~n ord~n:=rry - gabbro magma • 
, , 

Sul>sequent 'clustering of phê'nacrysts ~Ând their alignm~nt 
, 

within the glomeroporphyr;i tic gabbros sill s ma.y ffave resu 1 ted 
, '" ";) 

from jl1agm~tic < fl~w during sill emplacement. Growth rims 
• 1_ 

arbund plagiacla~e ~lomeraphen6crysts indicate'tha~ cementing 

pf l, l preVlOUS y united phenocrysts taok place during f1ow. 

Negative Eu anomalies 'for a glameraporphyritic gabbro 
\ 

_ ::tt 

chilled margin (sample J-8) and an anorthositic gabbro matrix 

suggesT an earlier phase of plag,ioclase 
1 l" 

. -,;sample 
, 

J-33) 

fracttonation. The lack of a significant Eu'anamaly in the 
! ~ ~... ~ ',r 1 1 \ , 

matrix-of the glomero~orphyritic gabbro (sample J-31) suggests 

th~t the plagioclase glom~rophenocryst~ werJ-no~- precipitate~ 
~ ~ 

from the matrix liquid,_ bu~ were incorporated and coneentrated 

bY,mechani?al processes. 

, 
> , 

f 

~ 

Glomeroporphyri tie gabbros. Of/the Labrador Trough occur 

at a specifie stratigraphie harizon: the boundary between, r 

Cycle II sediments and the volcanica of the Doublet-

: H'ellancourt Grpup., This sugg'ests t,at, these ~abl?ros were 
, 

produced during a restricted interval in the tectonic 

evolution of the~ Trough. Madels attempting to rela.te 

glomeroporphyri tic gabbros· to ;t:ectanic parameters such IÎ\~ 

< 

-Q spreading rates' have been p~oposed by Flower (] 98,0 ) and by 

Cullen e~al.~ (in press). Fldwer has _sugg~stcd that tlH.' 

exist,ence of thick 'oceanic c:rust beneath slow-spreading ridges 
1 • 

would favaur the' ponding <'af rnagma,s, in ·lawer . crusta 1 
\ '" Q 

reservoirs, wherein ~lbw, uninterrupted d~~stallization could 
" -

> 

produce large calcic Rhenocrysts. Cullen et al. (in press) 

_beHie've tha:t, the presence of thick.,."oceanic crust' wou ld serves 
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to' retard the upward movement of calcic phenocrystsi they 

postulate that such phenoçrysts form under thin oceanic crust, 
, 

and at slow spreading rates. 
-, 

Wardle and Bailey (1981) proposed that the~extrusion of 
'" 

..... 

the Doublet Group occurred in response to rapid rift~ng which 

~ccompanied a second pha~e of opening of-the Labrador Troug~. 

It is suggested here th,at prior to rapid rifting, mafic melts-. , 
May have accumulated plagioclase glomerophenocryst~, due to 

extensive plagioclas~ fractionation 
~ 

at depth (Fj.g 38-1). 

These melts were ~ntrud~d as glomeropotphyritic sills into t~e 

upper stratigraphic level~ of the Menihek Formation (Fig. 38-
• 

2 ) •. Later rapid rif~ing led to short residence ti~èS fo~ 

new batches of gabbroie melt, which gave ris~ to the ordinary 
J • 

gabbro si Il s (Fig. 38-3). In this fashion,' a single par~ntal 

magmf ~ype c.ould produee both glomeroporphyritic and ordinary 

gàbbros in response to different rates of erustal rifting, 

w~thout invoking deep-level crustal con~amination. 

,. 
Genesis of Cu~Ni 
Gabb~os 

'The as!?ocjation 
,. , 

\ 

Deposi ts. 

Cu-Ni 

in Glomeroporphyritic 

, 
sulphide bodies and' 

glomeroporphyritic gabbros. in the- Labra~or Trough is unusual.-.. 
'Many other gabbro-hosted Cu-~i deposits occur in&tead wi thin', 

the ~lower mafie cumulate zones of differentiated 
• 

intrusions 

.. 
Complexes) \ In a:~ deposit formed by (i • e.· the Sudbury and Duluth 

< • 

" 1 
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Fig. 38 Sehematie.diagram illustrating the transformation of 
.the Labrador·Trough from a sediment-dominanted to a volcanic­
'dominated environment. In (1) mafie melts are ponded at depth 
before rapid rifting; plagioclase phenoerysts are prGoueed at 
this ,time. The 'onset of rifting (2) releases 
glomeroporphyritic magmas to~a specifie stratigraphie horizon. 
Later rapid rifting (3) produces non-porph~ritic magmas. 
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\ 
the a.vailability and be avior ,SUI Ph;2'd 1 liquid immiscibility, , . 

of su) hur is critfcal. A brief "review th~:efore follows on 

i)the/, cont~ols on sulphide 'liquid irnmiscibf ity in tholeiitië 
, • l ' 

1 

mo/'t~., .y , 

,1 1 
Experimental eVldence indicates that 1U1PhQr s01ubility 

i~ si~çate' melts increase~ with p~essur~ ~and temper~ture. 
Most importantly~ ~ sulphur solubi(ity inbreases with the 

ferrous iron 80ntent of the melt (M~cLean, \~969; H~ughton et 
il, ". ,\ h 

al., 1974 i Buchanan an/d NOlan" 1(979), probaty reflecti..ng the 

complexing of sulphur wi th. r:'ed,,:çed iron in t:he mel t. Tbe 
l , 
\\aChleVe -ability of' a fractionating mafic melt to 

, ~ l .-. 
closed system depends l saturation within 

# 

a on ,the .. ,. 

crysta·11ization history of its silicate and pxide phases. As 

a 
. ' , 

ma~ma fractionat~s, splphur behawes incomp~tibly, 
1 

and. its 
, 

concentration in the mel twill incr'ease un'til a sulphur-
~. 

~ ':b&ring ,phase appear:s. tnitial fractionation of tholeiitic 
. 

melts is u~ually controlled by olivine and clinopyroxene, 
. ' , . 

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

,: ~~'.,wa1ker, 1980) • 
~~. , ~t~ ... Y",ï4 \" ., 
-.: -:: .. .f~:t: \.. -

':;. ~'l\~~quidus, ',the amount of reduced iroll in the mel t ris'es 
'" ~t ~ -.P, -0 ' 
t, \\, , 

• ',! ·ri!p~<.i'ly to .. proauce the iron-enr ichment trend characte,r istic 
è::'~ .~~:- ~-.'- ~ , ~. - 1 

,~ .. ';;·);~t~ .' th01e~i tic magmas., Calculations by Czamanske and 'Moore 
:~ ~ ~~"";.:. 1 ; 

When 
~ 't. IJ! 

plagioclase joins, olivine on .. the 

\, (1917) suggest, that sulphidë liquid immiscibility at this 

st~ge ~s unlikely. A small incre.ise in the 'êlcti vi ty of· 
1 • .. _ 

, : si1ica during clase' fractionation, which favou:r:.~ 
, 

immiscibility (Irvine 
\ . 

19751, wi1~ be more than offset by the 
'. 

increase' in iron content of the melt, which in?~~a$es 

su1phut" ~ .. solubilit [ThUS I extensive plag~ocla-s~, 
1 (,."J\ 
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/, 

fractionation . should inhibit .. ra1i'her tl)an favour s,tllphid(:~ 
, -J , 

1iquid immisci?ili:=.y. Eventùalty, Iron enrichmcn't tren.ds nre 

r,eversed by c,rysta,liization of iron'-~xidt:) phases)· '.1t yl~Ch 

time an immiscible s.ulphide' phase may ~lso be produceo/
u 

• 

11 
. Although most 

sulphur 
\ 

saturation 
o 

,. 
tholeiitic mamnas shoufd 

" .. 
after first stage mf21 tif!JJ of 

be c-lose to 

thé Illûntl Q 

(Helz, 192;7; McGoldrick, et al., 19,79; Mitchell,~a'ncl "KC'ùys, , 

, 1:9~Ü; Rbedd~r, 1981) wend1andt, 1982; Hél'm~yn et al., 1~85} and 
.~ - ," 

upon emplacement into higher levels of the crust (Mathczi 
, / 

r97~; MacLean, 1977), this does not imply that large "volumes 
, , , ' ... 

of irnrni scibl e sulpbide 1 iquids Ca..rl be produced. Indeed, thC'"ç> 
~ 

the !OW initial .sulphur &ontent of tho leii tes ~-- (300 I?pm: 

Ringwo6d, 
o 

'Mo()r(~ and 1966; 800 +/- 150 ppm at mantle source: 

" 
Fabbi, 1971) implies that e~ with fr~ctionation, only smaII 

.' 

amounts of sulpli'ur wil,l be available 

Gross' sulphur oversaturat,ion may 

l ' ~ 
fOlr" liquid immiscibi'l ity. 

1,. , ~ 

b~ "required to.. produce , 
immiscib1e sulphide liquids of suffici,ent vol ume to form ün 

economic ore bo.dy (c.f. McCarthy et al., 1984) . 1\ 

. Because of the tend,ency of tholeii tic!. mel ts to remain· 

close to, - bu't not exceed sulphur saturation until late st~ges 
( 

of crystallization ( i . e. the appearance of magnetite), fllélny 
1 ,; 

models 1 f or the generation of Cu-Ni deposi ts invoke' the 

addition of sulphur from externa1 sources (gulli~an, 
t' 

1~59, 

Godlevaki and Grinenko, 1963;, Mainwaring and Naldrett, 1977; 
( . , . / 

Rip1e~1 1981; and Thompson and Na1drett, 1984).', , Such modela , ' 

e 

are supported by sulphur isotopic data, which suggcst 

'components of nonmagmati'c sulphur. 
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The low R-values, low metal gradè~ and low Ni-Cu ratios .. 
of,. the Frederickson Lake Sotath· showing suggest that sulphidE!\ 

1 

liquid imm~scibili ty was a late/stage. event, whiCh.: occurred 

within .the glDm~roporphyri~ic gabb~o sills at high. crustal 

levels. Fournier (1983) propos~d that ,sulphide liquid' 

immisd:bi li ty took place in deep-level crustal magm~ chambers 
l , 

~ • .,. "J 

durirlg the precipitation of plagioclase-phenocrysts. Sulphid~ 

droplets .~ere assumed to 
. 

phenocrysts, causing them 
D 

p 

have adhered to plagioclase 
fi 

to sink, and concentrating both 

plasioclase and Cu-Ni sulphides. Fournier propo~ed that Cu~Ni , 

sulphide~ and 
fi 

v 

plagioclase phenQcrysts wer~ later 'extracted 
u 

Q 

fr$m the dee~'level chambers and emplaced int6 hi~her crustal . ' . 
. " 

levels'as 8ills,. 

It is unlikely that sulphide liquid immiscibility took . . 
place during plagioclase fractionation because plagioclqse' 

.. ' 
l\o-~ 

fr~ctionation would incre~se sulphur solubility. Even if the 

immiscible sulphidè liquid formed at' depth, as proposed . by 1 

Fournie.r 
) 

(19.83) , _ ,.J.i.t would tend to separate from plagioclase 
~ , 

beeause of their contrasting densities. Furthermore, tbe 

ear~y .;roducti~. of a surphide melt at depth would~ have 

all~wed a longer periQd for equilibration of this meit with a 
1 \.. 

'co.-ex(sting si ficate l'iqui"d. As· discussed in section 5.3.2, , 
\"" this would pr<oduc.e sul phide deppsi ts wi th high R values and 

1 rA-
',' l' 

Thompson '+gnd 
~ .)~~: 

increased metal grades, and 
, 

hi~h Ni-Cu ratios. 

Naldrett (1984) suggest that the grade of t'he Katahdin Cu-Ni 
\ 
,depos~t was dl}uted'by late stage addition of crustai sulphur 

.' ~ durlng emplacement of nhe gab~r~ hosto Thus, although 
-

,sulphur assimila't,ion will increas'e the probability of sulphide 
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liquid immiscibility, eXCe8S sy,lphur may lower mota! glJ;ades. 

Sulphur isot.opic data frqm the'elomerogorphyritic gabbrofl 

(,section ' 5.3.5) sugg"ests a cçmtribution of non-mAgmatic 

sulphur, although "the results are not conclusive. '~n tht) 

( . Northern Trough, Cu-Ni' deposi ts wi thin 9 1 omeroporphyr i t lc 
~ , 
gâbbros have a more co~vincing non-ma9matic~ carnponent, with 

sulpbur isotopic values up to 6.er mil (Eckstrand, 1983; R. , 
. 

Wares~, pers.. comm., 1987).' In the' FrederJckson Lake area, 
, , , 

, 
sulphide-faciep iron formation adjacent to the gabbro-hosted 

. . ' 
Cu-Ni deposits cCfl1Il1onl~ cantains m'ore than 40% .pyrrhotitt'.!, 

aLthough the" original iron2..."sulphide was. probably pyrite. .. 
previous argument! suggest that 

1> '. 

large volumes of 

were not assimilated by Ehe high level glomerapbrphyritlc 
-

sil ~s. xenol'i ths of sulphide-fa cies iron forma tian él t the . , ~ 
Connoll"y Cu-Ni showing' show no evidencc of assimi lat] 011'.-

Nevertheless, i t is possible that sulphur wus volatil ized' froTll 

these xenolit~s(thrOUgh the brea~down of pyrite ta p~~rhotita 

dllring contact metamorphisrn. Experirnen't,al studies show ttiat 

1:,his ,reaction occurs at 74 3C, weIl below the liquidus 
Q 

t€mperature of a gabbroic melt (Kullerud a~d Yoder, ]959). 

~ 

Incorporation of sulphur as a volatile phase, wi thou t larg f ' 

sccile me1ting ~f sedimen~ or country rocks, ~Isa has bden 
.t" 

proposed by Rip1éy {1981 t for the Duluth Cornplex. Figure " , " -, 
39 shows the amount of ,sulphur that" can be 1 ib(;'!ruted frolll thii! 

, 
rnetamorphic conver~ion of pyrite to pyrrhotite,' ussuming that -

aIl pyiite i8 converted to pyrrhotite plus sulphur gas. '{'h is 

d ' Q> , lagram indicates that the incorPooration of 0 :25% xenoliths 

.... 
* also Màinwaring and Na1drett (1977) • 
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Fig. - 19 '> 'Diagra~ showing the maximum amount of sulphur' 
which can be released to a rnelt by the rnetarnorphic breakdown 
of py'ri te to pyrrhoti te. Ve-ry, low contents of sulphide-facies 
iron ~ormation xenoliths can release significant quantit~e~ of 
sulp~~r to the melt. 
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.. 
containing 50% pyrite should release 500 ppm of sulphur __ ~o' th(~ 

melt. Experimental c,urves.of Haught(j,)n' et aol., (19~4), s~lgÇ},est, 

that about IODa pprn 'iOsu Iphur - is ,required to saturate. -A--'~~'1';:o. 
.' "I~' "' ... .:~ .. 

tholeiitic melt. Thus, incorpora tiçm of a Ve-l~ ~"smill1 

cpropor:tion of sulphide-facies iron IfQr.!}l.ation into a tholeiitic 
o ?~ 

melt,l followed \by"volaiitization of the sulphur, cou.ld ~provick 

enough excess Sulphu.r to cause sulphidc liquid immiscibility. 
1"" 

Addi tion of sulphur by th~ conta,ct metamorpll1 sm'~ of 
1 

_.~e~oli ~hs does no): exp~,ain why glomerpporp~yr l tic gabbro::; c1re 

mineraI ized, and ordinary and a n6:>rtho s.i tic gç.bbros élre barren, 

~ aIl 'gabbros ~ntrude the same sulphura.rich ,sediments. 

However, the effect of s'ulphur incorporation in the thinncr 
- -

glorneroporphyritic silOI s would be grcater bc6ause the 

incorporated sulphur would be diluted by tower vol'umes 0,[ 

o 

gabbroic magma. The glomeroporphyritic, gabbyos of 

. 

Frederickson Lake region are an orç1er of magr~i tudc 

'than the ordinary gabbro sills (50 m versus 500 ml'. 

thinn(~r ,~ 

;L.} 

--' 

The timing ~f sulphide liquid irrmd;scibi li t-y is 
a , 

factor affecting the' potentia). of the 9 1 ornero[50rphyri tic 

gab~r~tc:i ~ost platinum group ,~lement (PGF:.) miner;U.zation. 

Rapld ~ late stage sulphide fiquid' imrniscibili ty would no~t 
{' 

allow the sulp~ide liquid time to eguil~~r~tc Vwith the 

~ '" 
silicate liquid' and con'centrate l~GE elements. 'J'his of[cct . ' 
can be seen iI~' thf Babbi~t deposoit of the Duluth Complex, for\ 

which early sulphide liquid in~miscibility has been [Jr()po~cd: \ 
PGE 'concentrations in tre Babbitt der~sit are four tim~s\ 

higher than in the Dunka 
• '<:J" 

deposit, 
. 

for which latc ::;tage 

immiscibility has b~en proposed (Ripley and Al-,Jassa,r, 1987). 
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6.4' Genesis of Sediment-Hosted Zn-Cu-Pb deposi ts 

... " 

The c;:loBe association of some sedirnent-hosted Zn-Cu.-Pb 

deposits with glomeroporphyritiè gabbros has led to 
.. 

speculation that they are genetically related to the gabbros. 

Fournier (1983) proposed,two possible relationships between 

~n-Cu-Pb de[)osi ts and glorneroporphyritlc gabbros: i) 

glorneroporphyritié gabbro magmas' produced Zn-Cu-Pb-rich 

irnrrllSClble sulphide liqulds, which were injected into 
, 

structurally favourab~e sites sueh as gabbro-sediment 

contacts; and ii) Zn-Cu-Pb-rich resictual solutions produce~ 

[rom the cooling glorneroporphyrltlc s~ll were inJ2c~ed into 

sulphide-rich sediments, wh~re they reacted with sedirnentary 

sulphur_ to {orm Zn-eu-Pb sulphide deposits. 

rrhere arc severa 1 I ines of evidence, however; that 
1 

confllct wlth these rnhgmatic modeis. Zn-Cu-Pb deposits, 
o 

ctlthough oceurrjng close to the contacbs of gabbro sills, are 

a lway,s wi t'hln . sediments; proximity to contacts may 1argely ... 

rcflect the thinness of most sedimentary units in the 

Frederick~on Lake area . Furthermore, at the Frederickson 

Lake North and the Jimmi~k Lake showings, the nearest gabbro 
l 

is of ordinary type. Thus, Zn-Cu-Pb deposits aiso oGcur in 

the absence ~f glomeroporphyritic . gabbros. In addition, 

~tudies pf gabbro-hosted sulphide deposits fqrmed by sulphide 

liquid irnrniscib1Iity indicate that these deposits are 

enriched in Cu and Ni ~ut rare1y contaln Zn (Na1drett, 1981). , 

Those deposi ts that a~e enriched in Zn, for exarnp1e the 

Zenith mine (Ki te, 1981) and tbe Obrazek deposit (Watkinson 

o 
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et al., 1978), are thought to ~epre~ent volcanogen~f massive 

su~hides that were mechanic'a 1-1 y incorpora ted into the magma , 
f 

chamber as large xenoliths. Finally, Fournier ( 1983) 
. 

postulated that glomeroporphyritic gabbros could "giV0 rise to 
.( 

immiscible sulphide 1 iquids of both Cu-Ni alld Zn-eu-pb types; ,-

the former in associa'tion with early ma-gmatic cUlllulatc phi'lSl'S, 

and the. latter with residual magmatlc phases. lIow('vür, 'tl'wll~ 

is no apparent expl anqj;ion for why these two indepenJent 1 y 
u 

evolved liquids should ultimately [orm deposits J/1 .q~losL' 

spa tial association, and in particular why the Cu-Ni"llquids 

should remain trapped wi thln the s ill s whcreh s the Zll-CU- f'b 

llquids are expelled to form replacelll~nt depubi t:s in tlw 

sedlments. 

These var ioup factor s, in con J unction wi lh thc' s/S(' 

ratios 
• u 

and sulphur isotope values at frederlckson 1.ak(· Norlh 

suggest that' sediment-hosted mlneralizatlon lS Ilot /IIclCJlllat i c 

..... 'but syngenetic. More cojvinci~9 é!OCUlnenta'tion of sllch ,ln 

origin is impossible due to the' lack of exposurc;. i1owever, 

a few broad inferences can be made based on ~t.he rc~g i onlll 

geology and on similar aepo-sits found elsewhere,. 

On 'a world-wide basis, most J syngenetic base metal 

deposits hosted solely by sediment'S can be class i f led into 

Cu-rich and zn-Pb-ri~h groups (Gustaf~on and Williams, j 9 Hl; 
\" 

Russell et al., 1981) • The Frederickson Lake North deposit 

does not fiall clea~ly intb.eithe~.of these ~iasses. Zn dnd 

Cu more commonly, are important ore constituents in fuixcd 
, M~'" 

vol canic-sedimentary . deposits ,N'( Besshi T.:ype) or in volcan~c-

dominated environment;:~ (Polyrnetallic""rype) CHut~hison, 1980). 
~ 
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On the basis of depositional environment and associated rock 

types, the Frederickson Lake Zn-Cu-Pb deposits appear more 

similar ta the I2esshi type, which occurs in deep 
• 0 

marl.ne 

settings in association with tholeiitic volcanismr. The 

occurrence of aIl three metals in the former deposits may in 

part reflect -the mixcd sedimentary and volcani~ source rocks. 

'l'he pol ymeta 11 ic type ~ by contrast, occu-is in shallow water in 
\ 

association with' calc-al~aline bo alkaline marine or 
i 

continental volcanism . 

II. possible analogous deposit is present at 

II.nkarvattnet in F the Northern Swedis'h Caledonides. This 

1 

deposit is hosted by Ordovician calcareous turbidites which 

have been intruded by' thick, tho1eiitic gabbro si11s 
, 

(Sundblad, 1981). Stephens (1980) interpret~d the regional 

geology of the Ankarvattnet area in terms of a rifted 

continental margin, simi1ar ta the model proposed for the 

I.abrado,r by Ward1e and Bailey (1981). The 

AQkarvattnet mine (750 000 tonnes; 5.5% Zn, 0.4:>% Cu, 0.37% 

Pb) i5 a1so similar in grade and tonnage to the Frederickson 
. 

Lake North Depo~it (279 400 tonnes; 4.~8% Znt 0.77% Cu, 0.5Q% 

• 
Pb) . In ,~he--Southern Caledonides, the Roros district 

contains 0 n'u,merous Zn-Cu-Pb sulphide deposi ts wi thin a gabbro­

intrud~d metagreywacke sequence (Rui and Bakke, 1975; Sundblad" 

and Stevens, 1983). A similar gabbro-intruded sedirnentary. 

sequence characterizes the Du~town distric~ 

Appa1achians (Magee, 196B~ Gair and ~l~c~, 1980) 

Sediments of the Menihek Formati~n appear to 
" ... :,; 

in the 

be partly 
1 

101 

{yi' 



o 
.. 

, , 

. , 

-
o 

" 
.. 

coeval with more distal volcanism of the Doublet Group 

tWardle and Bailey, 1981 '. 1. ,Fournier, 1983).' prior to 
-

volcani~~, basaltic magmas chambers may have existed ~hich 

increased heat f low wi thin the sediments af the Cyc le Il 

basin. This would have led to circulation of heatcd 

formational fI uids, ' whl.ch may have 1 eachL"'d meta 1 s 

sediments. Structures such ,as the Wëjlsh Lake Fault,- 'hic~l 
; 

Dimroth (1972) 'proposed was ah or~inal businai growth fauIt, 

could have been influential in focus~ng the - diseharcJc of 

metal-bearing fluids l through the sedlments and 10ca1izin<) t.lll' 

deposi ts. If sp, the common breccia ted in terva 1 s wi tlJ __ 

sulphide matrices" in dr-ill core from the Fn~dcr'ickson Lükc 

North showing 

mineraI ization. 

. ~ 

fauit scarp conceivably~oould repriispnt 

unfortunateJy , 'stratigraphie relations in 

the study area h~ve been disrupted by the intrusion of thü:k 
--~ p:"tI 

~abbro sills, and fluid patbwa~s cannat be trracf.:.!d. 

Nevertheless, the proximi toy of most Zn-Cu-Pb depasi t~ in the 

upper levels of the Menihek Formation, ta the Walsh Lake Fau 1 t. 

suggests. this structure was infi uentia 1 in their' !arÏllatian. 

The closest modern ana log of the Frederi~kson Lake area 

can found in the,Guaymas basin in the Gulf of California 

(Einsele et a·l., 1980; • Koski et al., 1985). Bigh 

sedimentation ~ates in the Guaymas basin have lcd t~ burial of 

a segment oOf the spreading axis of the East Pac i'f le Hise. 
~ 

As a result, mafi~ mag~as intrude into unconsolidated sediment 

as sil1s rather than fprming normally layered Qceanic cruBt. 

Sediment layers are 10 to 100 metres in thitkness (E1nsclc ct 

al., _.'1 980
Q

) , a range similar to that of the Fréderickson· Lake 
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area. • Sediments in contact with the 8ills have been altered 

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

the gaboro si11s (Kastner, 1982). poly~etalLic sulphide 

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

sea?Ja t"ér interface as fI uids at 200-300?C 

seawater (Peter, 1986). 
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CHAPTER 7 CONCLUSIONS 

. .. 

Al though the metallogeny of the Frederickson IJake urea 

r~mains problemati~, arguments presented in this ~tudy allow 
J 

roodif ications to be made tt> previous mode-l s,. as wc Il as 

allowing constraints to be p~aced on the gen~sis of 
• 

glomeroporphyritic gabbros. Th~ calcic plagioclase 

glomerophenocrysts of fhe glomeroporphyritic gabbros could not 
\ 

have been precip~tiated from the liqbids in which t~ey now 
"1 

resi'àe, which suggests that plagioclase precipitation tOok 

. pla6,e .. nt· depth. This is also supported by the textures of 
.'. . 

glomeroporphyrïtic gabbros wh; ch show thôt plagioclase 

glomerophencrysts were'> only concentrated in the high level 

glomeroporphyritic si~ls. It ls specul~tep that prior to 
" 

rapid ~ifting, l~ss evolved mafie magmas underwent prolonged 

fractional ,crystallization at~depth to produce caleic 
-

plagioclase phenocrysts. Later rapid rifting rcleased 
, 

glo~eroporphyritic magmas to a specifie netlr-sur[ace 
~ 

Continued rapid rifting, which ~ stratigraphie - - \ 
interval. 

~ 

limited the' residence times of magma at dept~, red the 

formation of ordinary gabbro sil1s. Su ch a model _therefore 
, \ 

relates glomeroporphyritie gabbros to tectonie factors. As 

stJC{l, the assimila-t:-ion of continental crust' i5 not requir<-;!d !=1) 
- , 

ex'plain the genèsis of the p lagioc laS'e 9 1 omerophcnocrysts, 

al thougb' minor assimilation would be undetectable. 
, 

Cu-Ni sulphide deposi ts occurring wUhin 

glomeroporphyritic gabbros are interpreted as magmatic..: 

deposits' formed by'sulphide liquid immiscibility. The average 

sulphur isot.opic composition of pyrrhoti'tes from the 
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Frederickson Lake South Cu~Ni showing (+3.7 per mil) is . 
consistent with a component of non-magmatic sulphur. Low 

~... \ .D 

metal \ grades, wh-rch reflect low magma/sulphide ratios, suggest 
, . 

that sulphide liquid immiscibility took place within high­

l~vel sills rather than within gabbro magma chambers at deptW. 

The contact metamorphism of sulphide-facies iron formation_ 

could hav_e"provided enough sulphur to' saturate the mel t and 

induce sulphide liq~id immisc~bility. The exclusion of Cu~Ni 

deposlts from anorthosi tic and ordinary gabbro sill& may . 
" 

ref'lect the dilution of any incorpbrated su1phur by these 

thrcker si11s. (f 

r 

'The Zn:-Cu-Pb deposits of the Frederickson Lake area are 
~ - . 

interpreted as synsedimentary in origin~ rather than magmatié. 

This is supported by the occurrence of these deposits in 

sediments of the Menihek Formation and by arguments relating 

to the inability of .9abbroic magmas to segregate sulphide 

liquids enriched in lead and zinc. fietals may have been· 

acquired during circulation of .. heated formational fI uids 
1 

through sediments prior ta and' during the high' level, 
.. . 

. synéedimentary intru~ion of Montagnais Grou~ si11s; faults may 

have focused discharge of these fluids on the, seafloor to 
. 

préd~ce syngenetic massive sulphide deposits. 
./ 

Later 9 a~bro 

sill~ invaded the sediments of the Menihek Formation, further .. 
'enclosing the sediments and sulphide deposits within a 

sequence of, thick gabbro sill s. The . sulphides seem to 

represent an unconmlOn clas's of syngenetic, ,sediment-:hosted 

depesits enriched in, Zn-Cu-Pb 'that ferm -:iJl. deep water marine 

settings during tholeiitic volcanism. 
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·Ù -- (:2 . 99391 99392 99393 99394 99395 \.JjJ 6 9397 99398 99399 99400 99401 99402 
t· / ·Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro abbro Gabbro Gabbro Gabbro Gabbro Gâbbro .. 

----- ----- ===== --.. -- -_ ... _- ----- ===== :::== ==::: ===:: :-----.. --- .-.... 
Si02 -48.6 48.5 49.2 50.3 49.3 49.4 47.1 45.7 49.6 48.6 46.7 48.7 
A1203 12.7 11.8 13.) 12 •• 2 11.9 11.6 J:l.9 12.1 !J.3 14.4 15.8 16.2 
fe tot 14.5 16.5 14.5 15.9 16.9 17.8 16.9 18.8 13.4 15.5 12.8 12.1 
MgO 6.63 6.04 6~.14 6.10 6.04 4.68 5.61 6.07 6.26 5.1,2 5.81 4.77 .< 

CaO 8.49 8.22 8.70 7.81 8.25 8.09 9.47 9.57 9.29 7.62 8.16 10.2 
Na20 2.53 1.75 2.S0 2.13 2.44 2.26 2.08 1.93 2.77 .70 3.0'9 2<1 79 

--; K20 0.18 0.15 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.si " 1.74 1.82 2.41 1.99 2.06 1.32 1.49 1.21 1.16 
t'nO 0.22 0.20 0.19 fr.21 0.21 ' 0.22 0.23 0.23 0.20 0.17 0.16 Q.16 
P205 0.11 0.16 0.12 O.lS 0.13 U.16 0.10 0.08 0.09 0.13 0.09 0.10 
LOI 3.16 . 3.04 2.73 3.12 2.85 2.62 1.99 2.16 2.46 2.74 2.6) 2. ),7 
Total 'l' .5'1 q<J.:I;l jj)(}, JI qlf·1~ '"t"0.5 '1'1.01 ;l, ~q, 1i q<}" 'j' ""1, lL. 9'l.S8 q'). , l. 1,;,,· 1 J S 

Ba 38- 22 61 142 )0 112 
Be "9 ) 2 ) 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 78 237 407 78 199 
Dy 9 8 9 6 6 5 
Eu 6 6 6- 6· 5 4 
La 5 6 36 nd 6 7 
Li 17 14 10 10 e 8 
Ho nd nd nd nd nd nd 

Nd 105 115 13.0 105 100 75 
Ni 49 54 37 86 51 ... 51 
Pb l'Id nd nd n'CI \ nd nd 
Pr nd nd ( nd nd nd nd 
Sc 48 49 48 54 44 42 
Sm 3 nd nd nd nd nd ( 

" V 500 457 616 963 418 342 
Zn 85 • 72 84 68 87 61 

0 

Ga 20 
Nb 5 
Rb 6 ", 

Sr 120 
6 

Ta nd 
Th 3 
U 4 
y 39 
Zr 130 .. . 

-----------------------------------------------------------------------------
.., ~ 

\0 Gabbro = Montagnais.gabbro 
\ <f' 

\ 

nd:not.detected blank epace:not analyzed . \ major elemente in wt~ trace elelllents in ppm 

1-1 



) 

APPENDIX 1 Chemical Analyses 
"\ , 

• ( 9940.., 99404 994D5 99406 ~9407 99408 99409 99410 99411 9'412 99411 99414 
Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro Gabbro 

,~ 

ChilI Clam Clam Glom !:)lom 
::=:z= ===== ===== ::::: ===== ----- ----. ---------- ----- ----- ----- ----- -----a • 5i02 49.7 49.1 48.1 49.0 47.2 45.3 47.8 47.7, 46.6 47.1 46.2 44.'1 

A120' 11.5 15.' 15.3 17.7 17.3. J 16.9 14.6 13.6 19.2 14.6 14.8 U.6 
"~' re tot 14.9 11.8 11.0 8.0 8.2 11.1 12.8 14.4 9.8 13.2 14.1 16.3 

MgO 8.88 5.85 6.19 5.85 1.45 8.50 7.96 . 1.50 '5.61 8.32 9.49 9.11 
CaO 10.0 10.9 11.8 12.1 12.8 9.59 10.7 9.54 11.4 9.64 9.78 8.28 
N'a20 1.44 2.34 1.89 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 1.01 0.85 0.18 0.15 0.13 
li02 1.00 1.15 0.90 . 0.73 0.68 0.82 1.07 1.18 0.90 1.13 0.97 0.98 
HoO :0.22 0.18 0.16 0.13 0.13 0.17 0:;'19 0.28 0.14 0.19 0.18 0.16 
P205 0.07 0.08 0.07 0.06 0.04 0.12 0.09 0.08 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 J.J5 2.9J 2.65 J.92 
Total '1C).S4 'fCI. )) qg .gS- Cf'j·,3v qg ,hl. ~/3, q<i,O' ~9.J.~ 1()IJ'~7 qCf/~~ 9'j.7S CJk~6 ( 
Ba 89 159 44 '=~a 136 54 34 34 
Be 1 1 l ' 2' I 1 ~ 1 
Cd. nd nd nd nd nd nd nd nd 
"Ce 13 10 11 13 11 13 ' 12 14 
Co 40 Jl 55 55 42 53 69 120 
Cr 39 250 96 200 49 240 67 47 
Cu 187 127 134 20.., 1" 286 247 1400 
Dy 4 2 4 5 2 3 .., 3 
Eu 4~ 3 4 4 3 4 4 5 
La 2 3 nd, . 4 nd 2 4, 9 
Li 6 11 ~9 10 9 ; '14 7 13 
Mo nd nd nd nd nd nd ncl. nd 
Nd 70 50' 70 10 75 70 65 65 
Ni' 66 77 199 ,154 . 155 190 321 593 
Pb nd \ nd nd nd nd nd nd nd' 

8 
Pr nd t nd nd (nij nd nd nd nd 
Sc ... 47 40 42 , 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 14 

Ga 19 18 15 
't.Nb nd nd n~ Rb 10- 6 

Sr ISO 140 25 
Ta 9 nd 5 
Th ' nd 5 8 
U nd nd 3 
V 22 19 19 
Zr 65 

Ir 
74 63 

-----------~---_._-----------------~------------------------------------------------

C- " - Gabbro': Montagnais gabbro Gabbro Clam : glameroporphyritic gabbro ChilI : chi11ed marg~n 

major elamenta in wt~ 
, 

traca alaments in ppm I)d:not detected blank space:not ana1yzed 

1-2 
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APPENOIX 1 Chemical Analyses 

0 " 
" 994.15 99416 99417 994~8 '99419 99420" 126 12~ 128 \ 129 ua BI 

Gabbro Gabbro Gabbro Gabbro Basalt BasaIt BasaIt BasaIt BasaIt V~8n Volcan ~olcan 

*" 
Glom Glom Glom ChilI Menih Henih Doub Doub ~Doub Hu cL" Murd Murd 
----- ===== :==== :==== ===== ===== -----~ =:==~ ===== ::::: ---_ .. ......... ~==:: 

5i02 45.2 45.0 47.4 47.6 48.7 46.4 49.S 46.3 48.2 47.4 44.0 45.' 
1 Al20J 18.1 15.5 13.8 14.0 13.5' " 14.1 14.6 13.8 13.2 ll.7 9.4 1).6 

Fe tot 12.4 12.6 15.8 13.0 13.5' 14.7 12.3 lJ.9 1:'.7 12.8 - 18.1 15.3 
t-'gO 7.47 8.16 7.27 7.64 6.79 7.42 6.51 5.73 6.13 10.J 11.0 8.18 
CaO 10.3 11.0 8.57 10.7 10.1 8.78 10.2 10.7 11.4 6.97 7.62 6.31 
Na20 1.50 'fl.41 1.99 1.69 1.90 <II 2.65 2.70 1.09' 1.11 3.60' 3.04 4.21 
K20 0.35 0.38 0.46 0.40 0.31 , 0.16 0.06 0.12 0.07 0.20 0.11 0.10 
li02 0.77 0.88 1.15 1.09 1.3a 1.33 1.19 1.51 1.21 ~ 2.34 3.79 3.65 
l'nO 0.13 0.15 0.24 .0.19 0.20 0.20 0.16 0.19 0.15 0.15 0.11 0.O8~ 
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 
LOI 3.43 3.00 2.79 2.72 2.72 3.31 2.08 4.91 4.38 2.48 2.42 2.60 
Total CI? JO) ~8·J1 '1~,Sli 9'1.11 'l'l. ;JI q~.t) '111,<1 1 'i'l.17 "l'1.I. J ~ lf:1 j ((9. Cf· Cf '1. n"", 
Ba 62 46 42 40 158 50 17 ~ - Ba' '" 1 1 1 2 1 1 
Cd nt! nd 1 nd nd rid nd 
Ce 11 12 12 . 15 ,15 15 ,15 
Co 73~ 61 66 49 40 47 40 
Cr 36 180 270 280 270 290 240 
Cu 1000 93P )03 95 133 137 42 
Dy 2 2 4 "4 5 4 4 f if 

Eu 4 4 4 4 4 5 4 < 
La 3 5 10 5 4 6 3 
Li 14 9 10 13 19 6 6 
Mo nd nd nd nd nd nd nd 
Nd 55 65 75 75 90 85 70 
Ni 417 411 U8 168 95 108 94 
Pb nd nd ':Id _ nd nd nd nd 
Pr nd nd nd nd nd nd nd 
Sc 29 30 45 44 46 46 46 
Sm nd nd nd 'I1d nd nd nd 
V 200 248 343 )48 )91 391 348 
Zn 69 86 H4 91 76 83 84 

Ga 21 ; 16 19 17 
Nb nd J nd nd 
Rb 27 11 5 nd , 

0_ " J ~Sl' 87 • 210 97 130 
Ta • nd nd' nd nd 
Th 5 5 8 5 
U nd ~ nd nd , 
y 19 25 24 

.Zr 65 83 75 
, , 

----------------------------------------------------------------._------------------• . ' ft ' ; 

0 
Menih = Henlhek formation Doub = Doublet Formation HUrd : ttJrdoch rormation 

" '(j'I'" ~ 

,major elements in wt~ trace elements in ppm nd:not detected blank epace:not analyzéd 

1-' 



APPENDIX 1 ,Chemical Analyses 
\ 

.r 

( '. ,132 1)3 
1 lJ4 US 20464 20465 20466 20467 20468 20469 20470 20471 

Volcan Volcan Volcan Volcan Cu-Ni Cu-Ni Cu-Ni Po-Py Zn-Cu Zn-Cu Po-Py Cu-Ni 
Mu,rd Mord Murd Hurd fred 5 fred 5 Goa-l Faute Fred N Jinmic Gos l. Conn 

-" . 
====~ ===== ----- ===== ==::::1 ==::t=------ ----- _.--- ----- ----- ----- -----

S1Ô2 42.1 42.3 43.1 39.3 " 
Al20) 7.3 7.1 7.5 7.8 
Fe tot 14.3 1).3 1).8 16.5 
MgO 19.7 21.2 18.3 20.1 
CaO 8.58 7.93 9.13 8.05 
Na2Cr 0.21 0.12 0.30 0.12 

(' K20 0.05 0.02 0.03 0.02 
Tia2 2.06 1.57 1.87 1.77 
MnO 0.17 0.15 0.14 0.17 
P20S 0.15 0.12 0.13 0.15 
LOI 4.7) 5.12 4.42 5.47 
10tal q~,35 q~.93 1'1']1.- q"l,<.J~ 

Ba 7 26 4 62 56 17 18 iO 36 
Be 2 nd nd nd 1 ' nd nd 1 3 
Cd nd nd 4 nd 4 175 8 nd 1 
Ce 50 3, nd 6 19 27 nd 36 38 

0 

Cp ·92 279 9'4 120 38 35 91 24 50 
Cr 2300 77 off 330 31 44 , nd 45 48 

, Cu 269 6000 41900, 3000 563 2600 4600 20B 235 
.. Dy 3 5 3 5 4 9 1 ,7 4 

Eu S 7 16 4 14 7 10 5 8 

La 95 2 nd- 3 17 18, 394 13 2i 
Li 1) 10 nd 12 6 19 2- 9 6 
Mo nd 'nd 5 nd 22 59 4 nd 25 
Nd 110 nd nd 50 nd nd nd 60 ;55 

Ni 1000 2300 8100 1200 256 38 JJ, 36 186 
Pb nd , nd nd t;ld 59 7700 36 nd 17 
:Pr nd nd nd nd nd nd -nd 0 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 
Zn 46 129 119 92 76 >3 1600 81 61 

" 
-:"1 

Ga 
\ 

25 230 44 11 20 
Nb \ 31 13 22 5 54 • \ 

Rb - \ )6 5 nd 3 i nd 
Sr \, 3 3 nd 6 4 
la \ nd nr;! 9 , .nd nd \ 

\ Th 17 '; nd' 7 11 la .. 
u 13 nd ' nd nd 7 
V 11 7 nd 20 lB 

_,,-Zr 56 76 8 61 IBO 
,~ I~ _____ ----_."f.---------------------------------"-----________________________________ 

( Vole an :: volcanic rock f~ed 5 : frederickson South Showing feute = faute Showlng 

Goa-l = Gosssn l Showi~g Fred N = Frederickson North Showing Conn = Connolly Showing 
GoB L. :: GOBsan Lake Showing Jimm :: Jimmick Showing 

• 
.-. major elemente 1n w~ • trace elements in ppm ndanot detected blank space:not ana1yzed 
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APPENDIX 1 Chemical Analyses 

Si02 
A1203 
Fe tot 
MgO 
CaO 
Na20 Il 
K20 
H02 
ftlO 
P205 
LOI 
Total 
Ba 
Be 
Cd 

, Ce 
Co 
Cr 
Cu 
Dy 
Eu 
La 

li 
Mo 
Nd 
Ni 
Pb 
Pr 
sè 
Sm 
,V 
Zn 

Ga 
Nb . .;4.9; 

Rb 
Sr 
Ta 
Th 
U 
y 

Zr 

... :'" 

200 201 202 203 ,204 205 711 712 71' 714'" 715 716 
Gabbro Gabbro Gabbro Gabbro Gabbro Tuff Argill Gabbro Argill GabbrQ Argill Sand. 
Glam ChilI thill ChilI Chill M~oih Menih ChilI tleoih ChUl Menih Menih 

42.6 
1'.3 
19.2 
6.09 
9.90 
1.49 
0.09 
0.95 
O.lB 
0.07 
4.41 

q~,).~ 

64 
nd 
ncl-

2 
136 
270 

6600 
6 
6 
5 

11 
nd 
65 

1400 
nd 
/ld 

46 
nd 

275 
18B ~ 

25 
,4 

nd 
180 

q 

16 
li 

nd 
15 
66 

===== 
49.6 
12.8 
13.4 
6.97 
9.'2 
3.22 

42.0 ' 51.5 
5.0 D.4 

3B.1 12.2 

50.2 60.9 
14.9· 12.0 
14.1 - 15.6 

42.4 
6.8 

36.6 
2.92 
0.20 
0.50 
2.14 
0.70 
0.26 

3.00 7.49 
0.89 8.68 
1.14' 2.94 
0.04 0;63 
0.}2 1.30 
0.09 0.30 

6.02 3.'2 
5.50 0.07 

_ 0.18 
2.00 J.30 
0.7J 2.68 

1.22 
0.'2 

" 0.07 

1.78 0.'8 
0.51, 0.32 

2.04 
~'1, ,* 

41 .... 
nd 
nd 

0.15 
B.08 

'1 't, l'ÎS 1 

10 
1 
1 

0.09 
1.B5 

0.16 
3.61 

100 t 3l( loo,t l 

138 

200 

213 
l 

nd 
11 
49 
95 

84 '382' 76 228 
9 5 . 9 13 
4 10 4 .5 
4 nd 4 10 
9 21 10 28 

nd , '26 nd nd 
95 nd 95 120 

110 129 71 112 
nd . :")2. nd /ld 

nd nd nd nd 
51 112 52 . 52 
nd' nd 

376' )00 

61 

14 
nd 
5 

62 
nd 
7 

nd 
24 
68. 

40 
14 -
nd 
nd' 

.n,d 
'10 

9, 
16 " 
68 

nd I1d 
387 450 
99 132 

0.03 0.15 
4.45 8.~2 _ 
Ion, oS Illll. 7"1 

6B3 95 

1 2, ' 
l'Id nd 
25 77 
5 19' 

71 nd 
252 266 

5 nd 
4 4 

,16 40 
26 11 
nd 15 
35- ~O 

20 'B8 
.nd 22· 

nd nd 
,9 11 

nd 
113 
234 

nd 

184 
45 

16 3.3 
3 35 

67 77 
28 10 
nd nd 
14 12 
5 9 
8 21 

61 40 

===== ::::: 

49.8 39.1 49.5 
14.0 7.4 n.8 
15.2 38. 6 14'.0 
7.48 2.49 7.46 
5.83 ~g;. :AJJ.62 
2.85 2:~, 2.21 
0.79 0.30;" 1.84 
1.'0 D.52 1.23 
0.40 0.10 0.J8 
0.07 0.07 0.08 
3.03 8.41 2.05 
loâ ,']S' ,q'J ~'i 101 • 17 
360 36 400, 

nd \ 2 nd 
nd nd nd 
22 74 22 
34 51 40 
nd' nd od 
57 231 70 
nc;! nd nd 
i 4 2 

nd 40 nd 
1& 13 9 
nd 22 nd 
50 30 55 

103 158 III 
46 22 nd 
nd nd nd 
47 If 41 
;,d nd nd 

390 '-226 381 
103 60 81 

18 23, 20 
nd 20 nd 
28 15 71 

110 6 140 
nd· nd-. 5-

7 8 5 
,4 9 nd 

24 '14 24 
79 • 91 76 

::::: 

43.4 
6.0 

37.5 
3.77 
1.50 
0.79 
0.06 
0.57 
0.28 
0.12 
6.08 

17 
2 

- ,nd 

57 
37 
nd 

140 
nd 
2 

JO 
7 
9 

JO 
61 
15 

nd 
1) 

nd 
212 
50 

::::: 

59.8 
15.4 
12.7 
2.30 
0.)1 • 

2.20 
3.75 
0.37 
0.10 
0.05 
3.02 

/0<" pX 

443 
. J 

nd 

48 
16 
nd 
50 
l'Id 

1 
22 
14 
.8 

30 
90 
nd 

l'Id 

12 
l'Id 

297 
195 

22 21 
13 ~4 

6 100 

12 15 
l'Id l'Id 

5 21 
nd 8 

17 13" 
77 .; 87 

. -
-----------"~-------------------------------- --------------------------------------' 

' .. 
Argi11 : arg111ite Sand : eands one 

1 
. ., 

, majot elements in wt~ 
t 

trace elemen,ts in ppm d:not detected b1ank space:not onalyzed 
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APPENOIX 1 Chemlcal'Analyses 
j " '" 

1... ~v-r- ---

C" 717 718 719 720 721 722 ,723 724 725 
Sand. Basalt Gabbro Basalt BasaIt Basalt BasaIt BasaIt Gabbro 
Silt t1enih ChilI Henih Menih Henih Henih Henih Chill 
===== -_ ..... _- ===== ----- .. _--- ----- ----- ----- ----------

5i02 74.8 49.1 54.3 48.0 51.0' 48.9 49.2 48.3 49.0 
Al20) 14.0 14.3 12.8 13.6 ,13.6' 13~9 14.0 13.7 14.0 

, ) 
Fe tot ).9 13.4 11 .. 7 13.9 13.5' 13.6 12.2 r6.5 15.1 
MgO 1.62 6.72 6.24 6.08. 6.12 6.83 6.65 6.85 6.82 f 
taO 10~4 5.00 5.BQ 9,.29 10.7 10.3 8.26 7.98 

l Na20 0.13 1.98 2.78 2.8i!- 3.41 2.00 1.85 1.13 2.60 
, K20 3.64 0.42 0.11 0',51 0.07 0.65 0.17 0.15 0.60 ' 1 
- fi02 0.40 1.43 0.39 1.26 1.13 1.29 1.20 1.20 1.29 

, 

,.",0 0.19 0.21 0.22 0.19 0.21 0.21 0.25 0.23 ./ 

P205 0.04 0.10 0.07 0.10 0.09 0.08 ~.O8 0.09 0.10 
LOI 2.73 2.60 7.42 6.29 ' 2.84 2.45 .96 ,).26 2,42-1 

. 
Total ;0, .~(., l''ù ' /0. 'f 1",,·01- 10.,,(,,0 IO\''l~ 1",,,,,101 qg.~ ...... q'l.~Cj /(1),1 

Ba 703 118 27 123 26 208 77 46 206 
~ Be nd nd 2 nd nd nd nd nd nd 

C'd nd nd nd nd nd nd nd ,nd nd 
Ce 37 

Co 
27 29 22 - 23 26 26 26 27 ' , 

Ca 4 50 ,13 29 55 )8 41 40 43 ~ 
- Cr nd nd nd nd nd nd nd nd nd 

Cu 61 149 25 127 165 143 185 342 217 
Dy nd nd nd nd nQ --. :. [Id, , nd nd nd 
Eu nd 2 1 2 2 2 2 2 . 1 
La 26 15 17 nd nd nd nd nd nd 
Li 10 11 :n JI 6 7 6 11 8 
Mo nd - nd nd nd nd .nd .nd nd nd 
Nd nd 45 25 40 45 30 40 60 45 
Ni 14 93 37 IDS U2 102 107 106 98 
Pb 15 nd nd nd nd nd nd nd nd 
Pr nd nd nd nd nd nd nd nd l'Id 
Sc 10 43 9 40 39 43 43 '41 43 
Sm nd ad nd nd nd nd nd ,nd nd 
V 70 380 174 398 359 383 374 J55 375 

, . Zn 21 93 62 106 69 68 169 108 98 
~ 

Ga _ 20 21 20 18 nd 24 13 19 21 
Nb nd nd nd nd nd nd nd nd nd 
~b 120 16 ) 15 21 8 4 ;15 
Sr 10 190 23 70 230 130 130 =" 190 .... 
Ta 5 nd nd nd nd nd 5 5 
Th 21 9 13 6 5 7 8 ~ 
U 4 3 3 nd 3 4 " nd nd 
y 13 2~ 13 8 25 25 25- 27 
Zr 240 B8 63 83 i 77' 78 - 89 81 

-----------.. --._-~-------~----~~---------.------------------~- l' 
, 

d 

~ l' 
" - -

C Sand. Silt = fine1y lanrinated sandatone-siltatone 
" 

nd=not detacted bla k apace:not analyzed . 
major alaments in wt~ trace alaments in ppm 

1-6 
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APPE'NDIX 2 A~alytical Techniques and Precision of Chemieal Analysel . ,-

0' note: for Bome elements precision varies'with concentration 
LLO = lower 111111 t of detecUon 

, ElemeRt LLO Precision f1ethod 
Cane - +/-

=================================:===============::============== 
. " '5i02 O.lO!\: 63.0% 9.6~ XRf 

49.0% 0.9% XRf 
39.0~ .. 0.9~ XRf 

A1203 0.02~ 2.0% XRf 
fe20J 0.10:.! 12.0% 2.0~ XRf 

10.0% 3.0r. XRf 
6.0:\1 4.0% XRf 

MgO O.lm;"- 20.0fô 2.0" XRf 
9.0~ 2.0~ XRf' 
S.or. 3.0'; XRf' 

CaO 0.02!!: 2.0r. XRf 
Na20 ' O.lO~ 5.0~ XRf 
K20 0.01% 5.0r. XRf 
Ti02 0.01% 2.0% J.Or. XRf, 

, o. Sr. 5.0~ XRf 
MnO 0.01" 0.2r. 6.0~ XRf

i 

G 

.' 0.1" 14.0% XRf 
P20; o.oa 10.0% XRf 

\~ 
LOI 0.10% 4.0% Gravimetrie 

--------~--------~------------~-----------------------.. _--------
Ba 1 ppm DO ppm 8.0r. lep 

,~ 
150 ppm 5.mo lep 

/', 420 ppm 6.0r. ICP . .-
lep , . 

, Be 3 ppm 24.0r. lep 
1 . 

Cd 2 ppm 74. Or. ICP 
Ce J ppm 20 ppm 11.0% lep 

50 ppm 8.0r. ICP' 
,. : ' 

Co 2 ppm 20 ppm 8.0% lep 
40 ppm 7.0~ lep 

100 ppm 5.0):- lep 
Cr 2 ppm 12.0% lep 
Cu 1 ppm JO ppm 7. Or. lep 

70 ppm 13.0% lCP 
Dy 1 ppm ' 2 ppm' 50.0r. lep 

20 ppm ~2-.0% , lCP 
Eu 1 ppm 4f.0%' ". - '0 lep 
La /'2 ppm 10 ppm 15.O:V. lep 

1 40 ppm 11.0r. 1CP 
90 ppm 12.0% lep 

L~/ l ppm 10.ppm 9.0% lep 

0 1 

i /' ... , 
1 

~ / 

, 2-1 . '-
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APPEN~IX 3 Lead Isotopes 
1 • 
1 

1 -
o L,ad;... isotopes potentially 

studies tO,determine the age of 

can be used in. metallogenic 

mineralization and the source 

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

. 
1987; GuIsan et al., 1987) . Sediment-hosted Zn-Pb deposits 

such ai Broken Hill, Mt. Isa, McArthur River and Sullivan plot 

~lose to the qingle-stage growth curve fo~ lead on 

conven ional Pb isotopic plots (Gustafson and Williams, 19~1). 

However, dat~ng these deposits by other techniques has 

reveale that the lead dates are inaecurate, and it is now ... 
recogni single-stage growth models represent an 

lieation of lead isotopic evolution (op cit.)h Ore 
.' --

leads f om eonformable, syngenetic deposits do not )eprt>~cnt 

unmodifitd. mantl:,vaiues~ ,because of their prior 

in sed.],. entary or' volcan-ie proeesses, sueh 

involvement 

leads may 

represen 

Juteau, 

mean values fO,r l·arge crustal segments (Al-barede élnd 

1984) . Aul tis\age model s sueh as those of Stacüy and 
,1-:0-

Krammers (1976),' and Doe and, Zartman (1979) have bCC'l1 
....... ~.~ 

developed ta aeeount for mixing in crustal and', rM1(! 
reservoir~. but :~cn models involve assumpti6ns that cannat Le 

directly ~rified. 
Never~h~less, ~b is6topes were determined for a suite of 

samp~e~ frOm the Fredericksan La~; region in arder to assess 

wheth~r- cr1stal ~~tamination had oec~;red" and to deterrnine 

if ~ geneJie relationship exists between the ~b in sediment­

hosted an~ 'gabbro-hasted ore -deposits. The sa~ple suite 

consisted f pyrrhotites separate9 fram two gabbro-hosted Cu-

\ 

~ t· , 



....-------.~~_.~-~ ... 

Ni ores (Frederickson Lake, Connolly), one· pyrrhoti'te from the • 
sediment-hosted zn-Cu-Pb de'poS'i"t at Frederickson ~ake North, 

and, two pyrrhotit~ samples from iron 

formation. The lirnited numbers of samples seemeQ justifiaQle, 

given the' oQservation of Doe and Stacey (1974) that lead 

isotope ratios within individual conformable ore ~eposits are 

tightly tonstrained. . , 
The data presented in Table 10 show a wide variation in 

lead isotopie ratios, with data points falling on and below 

the 
. , 

singl.e stage growth curve of Doe and Stacey (1974) (Fig. 
" , 

40). The data points.were suhjeeted to a liDear regression 

analysis (York, 1969) to determine the model age. This 

treatment yiélded an age of 2..06 +/- 0.3 Ga (two sigma) ~ , The 

large error is the resuit of datâ seatter. Pb isotope resalts 
.{SI' • 

c 

from Clark and Thorpe (1987) suggest a possibly younger age of 

lff75 Ga for the Frederickson Lake deposits, aithough their 

data does fall within the error range of the present study 

-
( 2 . 36 t 0 1. 76 Ga.). , 

The îsotopie heterogeneity of the sulphide suite could 
-

be produc~d by mi~ng of cr~stal, and mantle leads~ or by the 

in situ deéay of uranium to inçrease the Pb206/Pb204 ratio. 

The dominant process is difficuit to determine becau~e both 

lead to similar end products. Sinee the lead isotopie data 

were obtained from iron sulphfdes, uranium deeay could be a 

complieating , factor beeause the ratio of uranium to Pb can be 

much higher in iron sulphides than in the galenas whieh are 

eonventio~lly measured (Gulson and Porritt, 1987). Because •• 
of the various possible explanations of the lead isotopie 

\. 
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Table 10 

Lead isotope analyses of iron sulphides from the Frederickson 
,JL~ke area 

Pb 
------------------------------------------------------------. . 
sarrtp1e showing ,and type 206/404 207/204 208/204 
----------------------~-------------------------------------" 
(+/-) 

.... - '..-... 

(0.01 ) (0.01) (,0.06) 

- " 
, 

Pb-1 Frederickson s. (Cu-Ni) i5.56 15.26 35.39 
Pb-2" Frederickson Nt. ( Zn -cti-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 Conno11y Lake (Cu-Ni) 16.16 15.35 35.49 

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

Ana1yst; : 

f 

00 \ 

Col 
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of Toronto., ' 

t 
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\ 
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data, no genetic inferences could be made about the sulphide 

deposits. Pranklin et al., (1983 ) aiso encountered 

interpretational problems in a Pb-isotope study of Labrador 

Trough sulphides. 
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