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ABSTRACT 

Sulphur isotopic ratios (S 32 ;s34 ) have been dete rmined in more 
than 300 samples of sulphides, mainly pyrrhotite, chalcopyrite and pyrite, 
colle cted from about 260 differ ent localities in the Muskox intrusion and its 
adjoining rocks. The results are given in lis 34 per mil values with respect 
to the Canon Diablo troilite sulphur, assuming its s 32 / s 34 ratio to be 22. 220. 

All the samples from the intrusion body have isotopic composi­
tions enriched in s34 relative to the meteoritic standard. Data for the main 
structural units of the intrusion are as follows: feeder dyke - +6. 4 to +14. 4, 
averaging +10. l; marginal zones - +3. 1 to +16. 9; layered series - +l. 1 to 
+10. 4, averaging +5. 1. 

In the outermost 200 feet of the marginal zone, the isotopic data 
corr e late with the type o f adjacent country rock. 1iS34 for the marginal-zone 
sulphides is greater than +9. 0 in the areas adjacent to metasedimentary 
rocks, and less than or equal to +9. 0 adjacent to granitic rocks. Isotopic 
data in the inner part of the marginal zone are less variable and somewhat 
lighter, with 1is34 values ranging from +3.1 to +7. 3 and averaging +5.0. 
Sulphides in country rocks adjoining the intrusion have Ii s 34 values from -4 
to +30. 

From the composite data it is concluded that the average is otopic 
composition of sulphur in the intrusion magma was about +5 at the time of 
emplacement or very shortly afterwards. This average was preserved with­
out much change in the rocks of the layered series and the inner part of th e 
marginal zone , but appears to be significantly modified in the feeder dyke and 
the outer part of th e marginal zone as th e result of certain interacti ons 
between the magma and the country rock. It is difficult to draw definit e con­
clusions as to the nature of th ese interactions. Contamination by country 
ro ck sulphur is a possible process but there is opposing evidence indicating 
that little or no fore i gn sulphur was introduc e d i nto the intrusive margin. 

As l ong as the intrus ion is considered to b e an almost uncontam­
ina t ed derivative of the upp er mantle of the earth, the apparently heavi e r 
isotopic valu e of the s ulphur in the intrusion as compared t o other mafic and 
ultra1nafic intrusions may sugges t inhomogen e i ty in th e isotopic composition 
of the mantle sulphur. Howeve r, the average sulphur isotopic value in the 
emplaced magma (+5 per mil) may have b een influenced by sulphur in the 
country rock and, th erefor e, may not b e repr e s e ntative of either the original 
Muskox magma or of the mantl e. 





SULPHUR ISOTOPE STUDY OF THE MUSKOX INTRUSI ON, 
DISTRICT OF MACKEN7.IE (SC J / 13, 0/ 3) 

INTRODUCTION 

ThL· Muskox intrusion is a layered ultramafic - ma fi c plulon of 
Prccambrian agC' situated in thv Coppcr tninc River area of thc· North\\'l'Sl 
Tvrritorics. One of lhe rema rkable features of this inlrusion is tha! it is 
continuously exposed from its fL·ede r to roof, a nd its enlirc internal form is 
,,· ell pres<' r ved . The int rusi.on h as been studied since I ')(, O, as part of t he 

Canadian contribution lo thv IntL•rna liona l Uppl' r Mantle Proj 0ct, and comprc­
hl'nsive gc·ological, geochernical and geophys ic al studies a r c now in progress 
This papvr presents lhe_ results of a sulphur isotopic sludy made by t h e 
author at thl' C,pological SL1 r vcy of Canada bf't \\·c·l'n I 9(>2 and l 9(,4 The study 
involved about 300 delct·minations of the s 32 ;s 34 ratio of sulph i de sulphur 

obtained from various parts of lhe intrusion and it s cnvi rons The samp l es 
used for the study \\'L're coll C'cted by members of t h e G('ologica l Surv"y of 
Canada during field invc'stigations from 195') lo l 9(J3 (Smith, l 962; Findlay 

and Smith , l % 4) . 
It \\·as anticipated lhat thC' sul ph ur isotope data wo uld be i m port ­

ant in t\\·o respects. Fi r st. combined w ith basic geological and geoch emi ca l 

data , they s hould aid in interpreting the processes i nvolve d in l h e formalion 
of thL' intrusion , particularly its su lph ides; and second l y, l h e data may add 
important information on t h e isotopic composition of sulphur in t h e earth 's 
SLtbcrust or n1anl l e where the parenlal inagma of t h e intrus io n was probably 

d erived . 
T h e i sotopic trends ob t ained in t hi s stud y arc in fact ve ry compli ­

cated . Amongst th e 1nany unusua l features , a marked en ri chme nt i n th e 
heavier isotopP, s34 , is perhaps mosl s lriking : the ave r age isot op i c ratio 
express ed as a ~ s3 4 per rnil value is about+ 5 with r espect to meteor i t i c 
sulphur . This is su r prising , because it is conside r ed that the intrusion is 
derived fro1n the earth's tnantle and lhal its sulphides arc magmalic in ori ­

gin . In ot her investigated occurrences of probab l e magmat i c sulph ide, the 
5ulphur has an isotopic composition close to the meteoritic v a l u e (i. e. 
'53 4 ~ 0; e . g . Smitheringal e and Jensen , 1963; Shima et ~·, 1963) . Int er ­

pretation of the Muskox data therefo r e forces a ch oi ce between t h e follow ing 
t\\·o major postul ates : (I ) t h e sulphur isotopic composition of t h e mantle, 

where t he parental inagma of th i s intrus ion or i ginated, wa s s ignificantly 
h eavier t han that of ine t e orili c sulphu r ; or (2) t h e bulk of t h e sulphur con ­
tained in t h e pr esent intrusiv e body is not truly r e pr esentative of mantle sul ­
phur . A f ew possibiliti e s for the second cas e are discuss e d , but none 

app ea rs conclusive a t th e m oment. 
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The stud y w a s car ri e d out in th e laboratories of the Geol ogical 
Survey of Canada w h e r e th e author spent two years as a postdoctor ate fellow 
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Geological Survey of Japan. T h e author "·ish es to express his thanks to the 
Geological Sun·eys of Canada and Japan for the opportunity to do this work, 

and to the l'\ational Research Counci l of Canada for financial assistance . 
A number of people at the Geological Survey of Canada assist ed 

t h e auth or in ,·arious stages of the investigation The author is particularly 
indebted to R. . K . Wanless for his encouragement, suggestions and criticisms 

throughout tlw "·ork . C.H . Srnith, J .A. Chamberlain and T.?-.J. Irvin e gave 
much ,-aluable information about the geology, petrology and su l phid e miner­
alogy of the Muskox Intrusion as we ll as many helpful dis cussions and criti­
cisms on the work, and the author i s grateful for their kindness . The criti ­
cisms and suggestions of K. Kanehira and R . D . Stevens are also greatly 
appreciated . Acknowlegrnent here, ho\\·evc>r, does not necessar ily imply 
agreernent "· ith all of the ideas expr essed . 

Assistance in the laboratory work \\·as given , in particular, b y 
J . A Lowden, R..D . Stevens, C . R . McLeod and D . C . Bradshaw . S. Sasaki 
aided in preparation of the rnanuscript . 

GEOLOGICAL SETTING 

The original setting of the Muskox in trusion wa s outlin e d by 
Fraser (1960) . The geology of the int rusion ,,·as first desc rib ed b y Smit h 

(1962), an d a preliminary discuss i on of its petrological s i gnifican ce, in par­
ticular the apparent difference b etween the bulk composit i on of the int r us i on 
and its chill facies, was given by Srr1ith and Kapp (1 963) . A detailed dc>scrip­
tion of a dia1nond drilling program canied out in l 963 has b een published by 
Findlay and Smith (1 964) , and coloured geological maps at J inch to 1 mil e 
have been published (Geol . Surv. Can .. Maps J213Aand 12 1-±A). The sul ­

phides assoc iat ed with the intrusion ar e des c rib e d by C h arr1berlain (1967), 
and a short account of t h e geo l ogic history of the intrusion is given by Irvine 
and Smith (in Wyllie, I 967) 

The intrusion is exposed for 74 mil es in a Precarn.br ian bas e ­

ment complex of steeply dipping gneiss, metasedimentary and rr1etavolcanic 
rocks. The age of the basement com.plex as indi cated by a K/Ar age on bio­
tit(' from g r anod i o rite i s 17 65 n-1 . y . The intrusion is e mplac e d beneath a 
Midd l e Proterozoic sequence of sand stone, dolomit e , and b asalt that r ests 
unconforrnab l y on the baserncnt rocks and dips gently to the north . Aero ­
rnagnetic and gravity data show t hat t h e intrusion exten d s northward beneath 
these roof rocks for at l eas t anoth e r 75 m.iles, its c ros s -s ec tional di1nen ­
sions becoming l arger in that direction . Where expo sed, th e intrusion is 
dykt• -like in plan and funnel - forrn in c ross-s ection, so t h at its s h ape rnay be 
cornpared to a sailboat, the 1nain body of the intrusion corresponding to t h e 
hull , and the feeder dyke, to the keel . T h e northward plunge of the body at 
an a ngle of-± degrees causes the feeder to be exposl'd at its southern end. 
The K/Ar age of the intrusion based on biotit e i n picrite from the marginal 
zone i s 1 I 5 5 m . y . 

The int rusion is internally di v id ed into three principal st ru ctural 
units: the feeder, the 1nar ginal zone, and the l ayered se r ies, w ith the 
layered srries having an upper bor d e r zone (s ee Fig . I). 

The feeder consists of bronzite gabbro a nd picrite in zones para­

llel to the n ea rly vertical walls. The bronzit e gabbro occurs along th <c wa ll s, 
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and is chilled against the country rocks but not against the picrite. T h e 
chill ed margin has the composition of a tholeiitic basalt (Smith and Kapp, 
1963). The marginal zones are situated along the inner dipping walls of the 
main body of the intrusion. They range in thickness from ZOO to 1, ZOO feet, 
and grade inward from bronzite gabbro at the contact through picrite and 
feldspathic peridotite to peridotite and, in places , dunite . 

The central layered series is approximately 6, 500 feet thick at 
its centre and contains 4Z main l ayers of dunit e, peridotite fe ldspathi c peri­
dotite, oli v ine clinopyroxenite, websterite, orthopyr oxenite, melano- gab bro, 
feldspathic websterite, picritic websterite and gabbro. Indiv idual layers 
range in thickness from 10 to 1, 100 feet. The layers have sharp contacts, 
in contrast to gradation in the marginal zone, and they are near l y flat lying 
and so are discordant to the marginal zones. Chromite is concentrated in 
two thin layers . 

The upper border zone is less than ZOO feet thick. Its lower 
boun dary i s arbitrarily defined by the appearance of abundant interstitial 
granophyre and quartz in the upper gabbro units Within the upper border 
zone there is an upward gradation from granophyric gabbro through mafic 
granophyre to granophyre. This takes place over thicknesses of the order of 
I 00 feet. The top of the intrusion has barely penetrated its sandstone roof, 
fragments of which are include d in the granophyre layer, forming in places 
a zone of contact breccia . 

The history of the intrusion is briefly as follows (T. N. Irvine, 
and C . H. Smith, personal communication): magmatic liquid of basaltic com­
position ini t ially rose along a near - ve rtical fracture (as now repr esented by 
the feeder dyke) i n t he basement rocks and spread along the unconformity 
beneath the sandstone. Room for the magma was lar ge ly made by downwarp­
ing of the basement rocks , and it is believed that the much larger, unexposed 
northern part of the body may occupy a graben or rift-type structure. The 
original liquid apparently carried some olivine in suspension, this being con­
centrated in the centre of the feeder dyke by flowage differentiation and 
eventually frozen in, thus giving the picritic central zone of the dyke (Smith 
and Kapp, 1963; Bhattacharji and Smith, 1964). Some of the transported 
olivine may also have settled in the main body o f the intrusion, becoming 
incorporated in the lower marginal zones . Fractional crystallization of the 
main body of the liquid then commenced, leading to formation of layers of 
dunite and pyroxenite. However, the crystallization was repeatedly inter­
rupted by movements of magma from north to south in the space between the 
roof of the intrusion and the accumulated layers. In this way, new liquid was 
p e riodically brought in from the north to where the intrusion is now exposed 
(the old liquid was probably pushed on to the south and errupted through vol­
canic fissures), w ith the result that the repeated layers of dunite and pyrox­
enite we re precipitated . Eventually, the overall fractionation of the magma 
progressed sufficiently so that layers of gabbro were a lso formed. When the 
magma chamber w as large ly filled with crystalline material, and north- sol!l:th 
1noveme nt of liquid was no longer possible, complete fractionation of the 
remaining liquid, together with partial melting of the roof- rocks, produced 
the granophyre. 

There has been some contact metamorphism of the country rocks 
adjacent to the intrusion as indicated by the presence of minerals such as 
biotite, garnet, cordierite, hypersthene and sanidine, but present knowledge 
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of these rocks is limited and the exact extent of the metamorphic aureole is 
not established, although it probably has a width of the order of a few hundred 
feet. 

A number of diabase dykes are exposed in the area. They occur 
in swarms parallel with the Muskox intrusion and generally cut all other 
rocks of the area. Most are medium grained, and they generally contain 
free quartz and granophyre. 

SULPHIDE DISTRIBUTION IN THE MUSKOX INTRUSION 
AND ADJACENT ROCKS 

The following summary of the sulphide distribution in the Muskox 
intrus i on and adjacent rocks is based on descriptions by Smith (1962), 
Chamberlain and Delabio (1965), Chamberlain e t al. (1965) and Chamberlain 
( 1967). 

INTRUSION 

Sulphides in the Muskox intrusion are most abundant along its 
basal margin. Disseminated to massive sulphides occur along and adjacent 
to the main intrusive contact, in general within a zone 10 to 20 feet wide, 
although, in places, minor disseminated sulphides may extend both outward 
into the country rocks and inward into the marginal zone of the intrusion for 
some 100 feet. Along the contact is breccia ore consisting of intrusive and 
country rock fragments in a sulphide matrix. Pyrrhotite is the principal 
mineral in the sulphides, accompanied by chalcopyrite, cubanite and pent­
landite. Minor amounts of sphalerite and galena occur in places, associated 
with other sulphides or forming separate, lat e-stage veinl ets cutting the con ­

tact z on e . The massive sulphid e s t e nd to b e ext rem e l y c oars e g raine d: 
single crystals of pyrrhotite having e dges more than 5 cm are not rare, and 
one crystal was found to measure over 30 cm. Disseminated sulphides are 
fine to coarse grained, and in places are poikilitic in t e xture. N e ar- surface 
weathering conditions have resulted in the d e v e lopment of secondary sulphide 
minerals such as marcasite, pyrite and siege nite. 

Within the marginal zone of the intrusion, the sulphides occur as 
fine disseminations, their grain size normally being less than 1 mm . The 
sulphide mineral assemblage is s i milar to that observe d in the main contact 
zon e , as given above, but the copper - bearing minerals seem to d e creas e 
inward. The average sulphide content in the marginal zone, excluding the 
contact sulphides, is of the order of 0. 1 p e r cent of the volume of the host 
rock . 

Sulphides are common minor constituents in the fe e d e r dyke of 
the intrusion, especially in the bronzite gabbro. Th e same four - phas e sul­
phide assemblage, pyr rhotite-pentlandit e - cubanite- chalcopyrit e , is ob se r ved, 
but chalcopyrit e pr e dominates, espec ially tow ard the southern e nd of the 
dyke. The grain size of the sulphide minerals is variable, but the average is 
well below 1 mm . In contrast w ith the basal contacts of the marginal zone s, 
no concentration of sulphide minerals has been observe d along the c ontact s 
of the feeder dyke. The average sulphide content in the feeder rocks is 
estimated at about 0. 05 to 0. 1 per cent by volume. 
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In the central layered series of the intrusion, sulphides are thinly 
disseminated as small (mostly l e ss than 0. 5 mm across) specks an d bl ebs. 
There is a v e rtical zoning in the sulphide mineral assemblages sympathetic 
with va riations in the host s ilicates (Chamberlain, 1 967) . A nickel-iron sul­
phide zone that contains pyrrhotit e and pentlandite occurs in the lower 
dunite- rich layers. In the middle horizons of the central layered series, 
whe r e olivine-rich rocks such as dunite and p er idotite alternate w ith various 
pyroxenites, a nickel-iron-copper sulphide zone is r ec ognized; the sulphide 
minerals ar e pyrrhotite, pentlandite, cubanite and chalcopyrite, but pent­
l andite is l ess abundant compar ed to the underlying nickel-iron sulphide 
zone. The upper part of the central layered ser i es, w hich consists mainly 
of gabbroic rocks, comprises a copper-iron sulphide zone of chalcopyrite, 
cubanite, pyrrhotite and pyr it e . Chalcopyrite occurs rather consistently 
th rou ghout the zone, w h ereas c uban it e, pyrrhotite, and pyrite ar e predom­
inant in its l ower, inte rme diate, and upper portions, respectively. The sul­
phide content in rocks of the central layered series tends to increase upward. 
The average value (by volume) is est imated as 0. 005 per cent for t h e nickel­
iron zone. 0 . 005 to 0.05 per cent for the nickel-iron-copper zon e , and 0 . 5 
to 0 . 1 per cenl for lhe copper -i ron zone . 

A few chromite - rich horizons in the upper part of the central 
layered series contain higher concentrations of sulphides (up to Z per cen t 
across 5 to 10 feet). Small concentrations of pyrrhotite and chalcopyrite in 
the two thin c h romit e - rich layers are strikingly similar to sulphide s in the 
Merensky R eef of the Bushveld Compl ex of South Africa. Cubanite and pent­
landit e are common minor constituents in these s ulphides. The diss emin­
ated grains are commonly Z mm in diameter but range up to Z cm or more 
locally. 

Sulphid es in the upper border zone of the int rusion are mainly 
pyr i te associated with some chalcopyrite , and occur as fine diss eminations 
through the host granophyric rocks. T h e mineral assemblage and the mode 
of occurrence of the sulphides are, therefore, similar or g radational to 
those of the u pper part of the central l ayered ser i es. However, the sulphide 
content of thi s zone appears to be cons id erably higher than that of the central 
layered series; t h e average value rnay be as high as 1 per cent by volume. 
Along the intrusive contact b etween the upper border zone and the roof­
rocks, pyrite and chalcopyrite are commonly concentrated w i t hin a width of 
a few inches. The same sulphide assemblage ext ends into the roof- rocks 
for a few more tens of feet. 

The zonin g of the sulphide mineral assemblages in the central 
layered series and upper border zone of the intrusion is schematically shown 
in Figure Z . The r e lative sulphu r content in each zone i s given according to 
the results of microscopic modal ana lysis made by Chambe rlain (1967). It 
is remarkab l e that the sulphur in the upper border zone comprises nearly 
80 per cent of all the sulphur in the layered rocks . 

The major i ty of the sulphides in the central l ayered series 
appear to have formed interstitially against early formed s ilicate and oxide 
grains such as olivine, pyroxene and chromite; they are not texturally dis­
tinguishable from 'intercumulus' silicates such as pyroxene and feldspar . 
This, together with the systematic variation in t h e sulphide mineral assem­
blages outlined above, indicates that these sulphides crystallized directly 
from the magma in equilibrium with their host silicates . Similar textural 
relationships between sulphides and silicates can generally be seen in the 
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Distribution of sulphide zon es i n the lay e red ser i es of the 
Mu skox intrusion. Figur e in p a r en thesi s shows the abundance 
(in per cent ) of sulphide in each zone to tota l sul phide s in t h e 
layer e d series (aft e r C h amberlain, I 967) . 

feed er, and in t h ose parts of the mar ginal zone where sulphide s are r e l­
atively sparse . The hi gh c on centrat i on of sulphides along t h e intrusive con­
tact, especially along its basal margin, cannot b e explain e d by simpl e mag­
matic segr egation in situ. It r e quir e s t h e introduction of sulphide -forming 
mater i als. Availabl e m in e ralog i cal data i ndicate that t h e sulphide concen­
tr ation was deve lope d by a desulphidization of the M uskox magma durin g its 
primary cooling cy cle and t hat the sulphid e transfe r in the se locations wa s 
cont rolled primarily by the temperatu re grad i ent in the magma rather t han 
by gravity s e ttling of a s e parat e sulphid e fluid (Chamberlain, 1967) . 

All olivine-rich units of the central layered series show some 
alteration to serpe nt in e , this ha v ing occurred well after freez ing of the 
intrusion. The s erpentinization has modifi e d the original s ulphide m ine ral 
assemb la ges caus ing the formation of minerals s u c h as secondary pyrrhot it e, 
mackinaw ite, chalcocite , native copper, and native alloys of i ron and nickel 
or cobalt, from the pr i mary pentlandite, pyrrhotit e , cubanite and chalco ­
pyrite. The nat i ve metals occur mainly i n t he central part of the layered 
series, w h e reas secondary sulphides predominate near its peripheries . It 
ther e fore seems probabl e that the sulphur d istribution in the laye red se ries 
as illustrated in Figur e 2 has a l so b een di s t urbed to some degree by t h e ser­
pentinization, although it is difficult to make a quantitative estimat i on of the 
effect (Chamberlain and D e labio, 1 965; Chamb e rlain et~·, 1 965; 
Chamber lain, 1 967). 

COUNTRY ROCKS 

As stated, the contact country rocks of the main intrusive body 
have some diss eminated sulphides for distances of a few tens to some one 
hund red feet from the contact. The mineral assemblages of these sulphides 
are similar to those in the adjac ent intrusive rocks, indicating tha t the 
maj ority of sulphides were d erived from·the intrusion. In the country r ocks 



- 8-

well away from the intrusive contact, pyrite and chalcopyrite are sparsely 
distributed; t h ese sulphides are probably unrelated in ori gin to the Muskox 
intrusion. 

DIABASE DYKES 

Pyrite and chalcopyrite are ·common minor accessories in the 
diabase dykes, wher ea s pyrrhotite is only rarely present. Like the sul­
phides in the Muskox feeder, these minerals occur as sparsel y disseminated 
grains, normally with grain size less than 0. 5 or 1 mm. However , the sul­
phide content of the dykes appears to be generally lower than that of the 
Muskox feeder; it is es timated at less than 0. 05 per cent by volume. 

EXPERIMENTAL PROCEDURE 

SAMPLE 

Sulphur isotope data were obtained from sulphide minerals only, 
because other forms of sulphur, such as sulphate, are considered to be 
negligible. It is known that, in general, only a few per cent of the sulphur 
in mafic intrusive rocks may exist as sulphate, the remainder being present 
as sulphide (Ricke, 1 960) . Some sulphur could exi st in the form of sulphate 
in the country rocks, especially in metasedimentary and metavolcanic rocks, 
although to date none has been observed. 

Sample localities are given in Figure 3. Brief descriptions of 
each specimen are given in the data tables. A total of 262 samples from 
different environments were used for the study, and in 51 cases the possible 
isotope fractionation between coe xisting sulphide species was investigated. 
Thus the study is based on a total of 313 analyses. 

SULPHIDE EXTRACTION 

In general , sulphide-bearing samples were crushed to -100 mesh 
a nd separated using a superpanner, hand magnet and isodynamic separator. 
In some instances they were directly collected from hand specimens by a 
small vibrating chisel. Very fine grained (0. t'-0. 3 mm) sulphides were 
extracted from a few of the almost sulphide-free rocks using a laboratory 
flotation cell as we ll as magnetic and gravimet ric techniques . As far as 
possibl e, at least 100 mg o.f sulphides were concentrated for so2 gas prepar­
ation, although in several instances it was impossible to collect more than 
20 to 50 mg because of limited size of the available rock specimens and/or 
their low sulphide content. The final sulphide concentrates were generally 
better than 70 per cent pure according to polished section observation. Non­
sulphide impurities consisted of oxides and silicates such as magnetite, 
ilmenite, chromite. olivine, pyroxene and plagioclase, but no carbonate . 
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SULPHUR DIOXIDE PREPARATION 

Sulphur dioxide gases were prepared by direct combustion of 
sulphides employing the m ethod described by Wanless et~· (1960). The 
combustion furnace was operated at a temperature of 1500 ±. 50° C in order to 
reduce the possible isotopic fractionation of sulphur due to the formation of 
S03 to negligible proportions (Thode et~·, 1961). A single constant source 
of oxygen with a known isotopic composition was used for the combustion of 
all samples. 

ISOTOPIC ANALYSIS 

The sulphur isotope ratio in the prepared S02 gas was det ermined 
by simultaneous collection techniques (Wanless and Thode, 1 953), using a 
90 degree, 10 inch radius, Nier-type mass spectrometer. The troilite from 
the Canon Diablo meteorite was used as the comparison standard, assuming 
that it has s32 /s34 ratio of 22. 220 (Thode et~·, 1961; Ault and Jensen, 
1962; Jens e n and Nakai, 1962; Jensen, 1962). Samples were routinely com­
pared to a substandard S02 gas prepared from 3 gm of pure pyrite obtained 
from a massive pyrite ore of the Giant Mine, Yellow knife, Northwest 
Territories. 

The results of the isotopic analyses are given in as34 per mil 
values defined as follows: 

sample standard x 1 OOO 

standard 

34 32 
where (S /S ) standard is the ratio for the Canon Diablo troilite. 

The reproducibility of analyses w ill be seen in Table 1 w her e the 
analytical results for five samples of the Canon Diablo troilite are given with 
the dates of sample preparation and isotope analysis. Since these check anal­
yses were made throughout the e ntire period of the experiments, the overall 
analytical precision for sample preparation and isotope analysis has been cal ­
culated from the data. The standard d eviation has been found to be± 0. 2 per 
mil. 

ANALYTICAL RESULTS~ THE MUSKOX INTRUSION 
AND ITS ENVIRONS 

The experimental results are listed in Tables 2 to 20 and are 
plotted in Figures 4 to 18. In describing and discussing the sulphur is otope 
distribution in the var ious parts of the intrusion and the adjacent rocks, the 
isotope ratio for the most predominant sulphide in each specimen was 
assumed to represent the value at that location. This could lead to errors, 
since it has been shown that, in some instances, cons iderable isotopic differ ­
ences can exist between coexisting sulphide speci es (e.g. Smitheringale and 
Jensen, 1963). However, data to be presented for 53 sulphide pairs, indicate 
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that the fractionation between coexisting sulphide minerals rarely exceeds I 
per mil (Tables 17 to 19 and Fig. 18). 

All the analyzed sulphides in the Muskox intrusion contain more 
s34 than meteoritic troilite, their r,s 3 4 values ranging from +l to+ 17 per mil. 
Sulphides occurring in the country rocks adjacent to the intrusion have an 
even wider variation, from -4 to +3 0 per mil. The data are described below 
in r e lation to the known structural units of the intrusion. 

SULPHUR IN THE FEEDER 

The sulphides from the bronzite gabbro and picrite of the Muskox 
feeder have isotopic values ranging from+ 6. 4 to+ 14. 4 per mil; the average 
for fourteen individual samples is +10.1 per mil (Table 2). Although theanal­
yzed specimens were obtained from both the chilled margin and inner parts of 
the feeder dyke, the i sotopic values do not appear to correlate with distance 
from the e dge of the dyke or with differ ences in rock type. 

If the values obtained represent the original sulphur isotope ratios 
of the feeder rocks - or, in other words, the original ratios in the source 
magma of the intrusion - they are surprisingly heavy. In other investigations 
of mafic and ultramafic intrusive rocks, the average isotopic composition of 
sulphur has consistently been found to be nearly the meteoritic value (e. g. 
Shima et~· , 1963; Smitheringale and Jensen, 1963). 

As the result of their study on sulphur isotopic composition in the 
Triassic i gneous rocks of eastern United States, Smither ingale and Jensen 
(19 63) made the following comment about the sulphide in mafic igneous rocks 
(ibid., p. I I 85): "Sul phides in most mafic igneous rocks are extremely fine 
grained and sparsely disseminated. Indeed, they are commonly invisible to 
the naked eye. Sulphide grains of several mm in diameter or sulphides in 
noticeable concentrations infer some degree of abnormality in the conditions 
u nder w hich they formed." Accor ding to this criterion they considered that 
many previously reported sulphur isotope values for sulphides in, or associ­
ated with, mafic igneous rocks had been obtained which were not properly 
representative of those ign eous bodies. 

In some specimens list ed in Table 2, sulphides are rather coarse 
grained or are pres ent in fairly high concentrations. In the remainder, sul­
phides are thinly distributed and fin e grained, but their grain size in places is 
over I or 2 mm in diameter. In this respect it appeared important to analyze 
the much finer grained (generally between 5 and 100 microns in diameter) sul­
phides that are sparsely distributed in t h e feeder rocks. Five p i crite and 
three bronzit e gabbro spec i mens (59- 952 to 59-969 in Table 2) which appeared 
free of v i sible su l phide were crushed to make a ten -pound sample whi ch was 
then treated using a l aboratory flotation ce ll as we ll as ordinary gravimetric 
techniques. The os3 4 value obtained for a 15 mg concentrate consisting of 
pyrrhotite, cubanite, chalcopyrite and a little p e ntlandite was+ 9. 6 per mil, 
that is, almost id ent i cal with the ave rage val ue for the feeder dyke. Thus it 
appears that the sulphur isotopic composition in the exposed part of the feeder 
is cons iderably heavier than that of the meteoritic sulphur. 
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Figur e 6, Distribution of sulphur iso tope data in major rock 
units in the la ye red series of the Muskox intrusion. 
A , Olivine-rich units (orig inally dunite, peridotite 
and feldspathic peridotite , now accompanied with 
varying degre e s of serpentinization); 
B, P yroxenitic units; C, Chromititic la ye r; 
D, Gabbroic units; E, G ranophyric units 
(including intrusive bre ccia). Triangles represent 
the a verage val ue for e ach g roup. 

SULPHUR IN THE LA YE RED SERIES 

The central l ayered series cons ist s of forty-two sep arate l ayered 
u nits ranging from dunite at the base to granophyre-bearing gabbro at the top 
(Findlay and Smith, 1 964) . The scarcity of sulphides in many of these layers 
made it impossible to obtain sulphur isotope data for the w h ol e seri e s. 
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Analyses were carried out on forty-two sampl es from nineteen different 
layers, and on seven sulphide samples taken from granophyric gabbro, grano ­
phyre and intrusive breccia of th e upper border zone (Table 3). 

The measured i sotopic compositions range from+ I .1 to t-10. 4 
per mil, but the majority fall between +3 to +7 p er mil (Fig. 4) . In Figure 
5 the data are pres ented with respect to stratigraphic position, and in Figure 
6 they are plotted accordin g to major rock units. The average isotopic com­
positions obt.ainAd for five major rock groups, that is, olivine - rich units 
(originallydunite, peridotite and feldspathic peridotite, all now serpentinized 
in varying degrees), pyroxenitic units (olivin e clinopyroxenite, orthopyrox­
enite, websterite, feldspathic websterite and picritic webster it e), the chro­
mite layers, gabbroic units (gabbro, granophyre - bearing gabbro and grano ­
phyric gabbro), and granophyric units (granophyre and intrusive breccia), are 
+4 . 2, +6 .0, +6. 1, +5.7and+4 . 9permil, respectively, andtheaverageofa 
total of forty - nine specimens for the l aye r ed series is +5. 2 p er mil. 

As stated, serpentinization of the olivine- rich units has caused 
some changes in the original sulphide assemblages as well as sulphur content 
of Muskox rocks (Chamb e rlain and Delabio, l 965; Chamberlain et~·, I 965 
Chamberlain, 1967). It is probable that the original sulphur isotopic com­
posit i on has also been affected to some extent by this process. Secondary 
sulphides produced by the serpentinization are usually very fine grai ned and 
intimat e l y associated with primary sulphides. This mode of occurrence 
made it difficult to separate these secondary sulphides from primary ones in 
sufficient quantity for isotopic study. However, in the spec i mens us ed for 
the present investigation, more than 80 per cent of primary sulphides appear 
to have been free of this secondary effect, therefore it is re asonable to 
expect that the original i sotopi c composition was unaltered in these specimens. 

Previous investigators (e.g. Vinogradov, 1 958; Thode ~ ~· , 

1962; Smitheringale and Jensen, 1963), have report ed that there seems to be 
a tendency for t h e sulphides i n early stage magmatic products (i.e. in the 
more mafic igneous rocks) to be enriched in s32 as compared to those in 
later stage magmatic products (the more sili cic i gneous rocks). As shown in 
Figure 6 , the averaged isotopic value for the olivine- rich units i n the Muskox 
layered series is slightly lighter (by about 1 to 2 per mil) than th e values for 
other more silicic rock groups. In addition, a few of th e li ghtest isotopic 
values in the layered series are from olivine-rich units . T h ese differences 
are consistent with the tendency noted above. By cont r ast, however, several 
values for the olivine-rich units s how fairly high contents of 53 4 , giving a 
range of about 7 per mil for the total isotopic fluctuation in the group, w hi ch 
n ea rly covers the range of variation d ete rmined for the more silicic rock 
groups. Thus, while the isotopi c compos ition ran ges w id e ly (up to 7 per mil) 
in a single rock group, the average value differs r ath er little (l ess than 2 per 
mil) among the different groups. Thi s w id e range of isot opic var iati on in a 
single group may be partly due to the compl ex history of formation of t h e lay­
ere d ser ies. As stated, the laye r e d series was not formed by simple gravi ­
tat i ve differentiation, but rather, represents a combination of success ive 
injections of new magma and crystal settling. Each group in Figure 6 there­
fore· contains several laye rs formed at different stages. Howeve r, as may be 
seen in Figur e 5, similar ranges of isotopic variation exist in single l ayers . 
This would be an indication that the isotopic var iation obs e rved in t h e l ayered 
series was largely produced by processes other t han the magmatic differenti­
ation w hich produced the va rious rock types in this part of the intrusion. 
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oNorth Hole 
•East Hole 
t>.South Hole 

2 0 

Figure 7. Distribution of sulphur isotop e data in 
samples from the North, East and 
South drillholes in the layer ed series 
of the Muskox intrusion. 

An intere sting feature can b e seen in t h e drill-core data gi ven i n 
Table 3. In the North drillhole, twe l ve specimens from ten different layers 
show isotopic values falling in a fairly narrow range from +z . 9 to +4. 9 per 
mil de spit e the wide variation in the type of host rock. A similar constancy 
in the isotopic data is also observable in the east drillhole, but w ith higher 
s 34 contents than in the N Orth drillhole. 0 s34 varies from + 5. 3 to + 6. 0 per 
mil in five specimens from four different layers . Thus, although the samples 
from t h e two drillho l es are not all taken from comparable rock units, there 
appears to be a distinct difference between the isotopi c data from the two 
d ri llhole s (Fig. 7) . The apparently bimodal distribution of the isotopic dat<J. 
from the layer ed series evident in Figure 4 largely depends on this distinction. 

The North drillhole i s near the central axis of the intrusion, 
whe rea s the East drillhole is closer to its margin. Therefore the data 
obtained from the two drillhole s might indicat e the presence of a systematic 
lateral var i a tion in the su l phur isotopic compos ition in the layered series. 
In Figure 8 t h e data from drillhole and surface samples are all projected on 
a single cross- section of the intrusion. In general, sulphides from the o uter 
parts of the layered series appear to contain more s 34 than those from the 
parts near its central axis. It also seems probable that the general trend of 
the isotopic distribution follows a pattern similar to the 'contour' shown for 
oS 34 = 4 per mil, although the number of analyses is insufficient to permit a 
defin i te conclusion. However, regardless of the details of the final pattern, 
it seems clear that contours of sulphur isotopic composition would be discord ­
ant with respect to the layering. This could be one of the reasons why the 
isotopic data in t h e layered ser i es show little corre lation with the type of host 
rock or the course of magmatic differentiation, although the cause of such 
isotopic pattern remains unsolved. 

The su lphid e content in the rocks of the l ayered series increases 
toward the peripheral areas, and this is attributed to diffusion of sulphu;:- (or 
sulphides) in response to temperature gradients in the cooling intrusive body, 
and to slight redistribution of sulphides during serpentinization in olivine-rich 
rocks (Chamberlain, 1967) . The observed isotopic pattern in the layered 
series may also be related to the se diffusion processes. However, if this was 
the case, the resulting isotopic trend would be expected to be the r everse of 
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that observed . If t h e lighter isotope m.igrates faster than the heavie r one, 
as i s commonl y believed , t h en the central p ortion of the l aye r e d ser i es 
shou l d be depleted in s 32 as compared to the p e riphera l areas. 

The specimens projected in Figur e 8 a r e from wide ly spaced 
localities in terms of the length of the Muskox intrusion. The question there­
fore ar i ses as to ,,·hether the isotopic composition in the layered series also 
var ies systematically in the longitudinal direction. How ever, to determin e 
this requires specimens from w idely separat ed longitudinal locations w ithin 
a single layer, and these ""ere not avai lable in suffi cient quantity to permit 
enough data to be obtained to draw any definite conclu sions . 

While the arithmetic mean of the data on the layered ser i es i s 
+ 5. 2 per mil, a morP exact averagt• may be calculated on the basis of the 
spatial distribution of isotopic composition and su l phur abundance data within 
the whole of the series. Although both types of data are st ill limit ed, an 
estimate' has bcen made using the assurnptions given in Table 4. Here, the 
four sulphide zones indicated in the table- are the same as in Figure 2. The 
average isotopic valuc, "·eighted according to the sulphur content in the four 
zones, is +4. 8 per mil. Since the upperinost Fe-zone has more than 80 per 
cent of the total sulphur in tht' whole layered series, its isotopic trend largely 
controls the result. Chamberlain ( 1967) conside r ed that there was littl e evi­
dence to support the possibility that the majority of sulphur in the upper part 
of the intrusion was derived from the country rock (Chamberlain, 1967). 
However, the presence of abundant country rock fragments in the top of the 
upper border zone (Smith, l ')(i2) may indicate that some of the sulphur in this 
part of the intrusion is from the country rocks. However, even if the Fe­
zone is excluded in the above calculation, the weighted average of the isotopic 
composition of sulphur in the layered series is still+ 5. 6 per mil. Thus, 
despite the uncertainty in the final value, it is concluded that, on the average, 
the sulphur in t h e present laycred series rocks is fairly heavy as compared 
with the sulphur in meteoritic troilite and probably has a 0s 34 value in the 
range+ 5 ±_O. 5 per mil. As the sulphur in the bottorn dunite layers is also 
isotopically heavy (+4. 4 per mil), and as the sulphides in the layers are con­
sidered to have crystallized from the cooling magma, it is concluded that the 
sulphur in the layered series magma was heavy even at the very first stag-e 
of the magmatic crystallization . 

SULPHUR IN THE MARGINAL ZONE AND 
IMMEDIATELY ADJACEN T COUNTRY ROCK 

In the marginal zone of the intrusion sulphides are markedly con­
centrated along the intrusion wall as rather coarse -grained disseminations 
and massive aggregates. There ar e sparse, finer gra ined disseminations of 
sulphides in the inner parts of the marginal zone . In general, sulphides 
from the inner parts of the marginal zone appear to have somewhat lower, 
and less var iable, 5534 values compared to the sulphides along the i ntrusion 
wall . In order to show this contrast an arbitra ry spatial boundary, 200 feet 
inside the contact of the intrusion and parallel to the intrusion wall, will be 
used to separate the analyt i cal data into two groups . Massive and coarse­
grained disseminated sulphides are rarely found ins ide this 200 -foot limit. 

T h e 0s3 4 values obtained for fine-g rain ed disseminated sulphides 
from the inner part of the marginal zone range from +3. 1 to +7 .1 per mil, 
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the average for seventeen samples being +5. 0 per mil (Table 5). It may be 
noted that the isotopic results are very similar to those for the Laycned series 
described above. The data appear to have a bimodal distribution with peaks 
at about +3 to +4 and +6 to +7 per mil (Fig. 4). The isotopic values show no 
apparent correlat i on with known petrological or mineralogical data. 

In the outer zone - that is, near the intrusion wall - the 0534 
values range widely from +3.1 to +16. 9 per mil (Table 6). Although this 
covers the range shown by sulphides in the inner zone, it is evident that sul ­
phides near the intrusion wall generally contain more s 34 than the inner zone 
(Fig. 4). Again, it is difficult to correlate the va.riation with any mineralog­
ical or petrological feature of the intrusion, but a remarkable regularity can 
be seen in the spatial distribution of the isotopic data. In Figure 9 the iso­
topic values are divided into two numerical groups, namely 0s34 >+ 9 . 0 and 

0s3 4 ;$ +9.0 per mil
1
and are plotted on a location map. With a single excep ­

tion, sulphides having 0534 > + 9. 0 per mil are confined to the east contact of 
the intrusion, whe r eas sulphides with 0 534 ~ + 9. 0 per mil occu r along the 
west contact and the southern part of the east contact. It is seen that the dis­
tribution of these two groups of sulphides correlates with the type of country 
rock adjacent to the intrusion. A long the east contact, w h ere the heavy sul­
phur occurs, the country rocks consist mainly of rather low grade metascdi­
mentary ro cks such as quartz-mica schist, quartzite and slate wit h occa­
sional inter calations of paragneiss; granitic material is rare. By contrast, 
the country rocks a l ong the southern part of the .east contact and most of the 
west contact, are e ither paragneisses with many granitic bands or almost 
entirely granitic gneisses. 

The concentrations of sulphides along the basal contact of the 
intrusion may occur on either the intrusive or the country rock sides. The 
isotopic data for the sulphides in the country rocks (these sulphides are dis ­
seminated to massive and, in general, are w ithin a few tens of feet of the 
intrusion contact) are given in Table 7. These data are compared with the 
data for the sulphides from the intrusive side - that is, from the outer part 
of the marginal zone - in Figure I 0. In general there seems to be littl e iso­
topic difference between the sulphides from the intrusion and those in adja­
cent country rock, and the correlation with type of country rock illustrated in 
Figure 9 holds with few exceptions for the intrusive sulphides as well as for 
the sulphides in the count ry rock. 

It must be noted, however, that all specimens represented in 
Figure 10 were taken from surface exposures, the majority of the sulphides 
occurring as rather coarse -grained disseminations or massive aggregates as 
described in Table 7. As will be discussed later (pp. 22-28), a detailed study 
of drill - core·s taken across the intrusion wall reveals remarkable isotopic 
variations in the sulphides _in the country rocks adjacent to the basal contact 
of the intrusion. If these results are included, then t h e isotopic values for 
the contact country rock sulphides range widely from about -4 to+ 30 per m il, 
which is twice the range observed for sulphides in the intrusion margin 
(Fig. 4) . Because the su lphides w ith the exceptionally high or low 6 534 va lues 
are usually very fin e grained and/or minor in amount, it is highly probable 
that 'they were overlooked in .the surface exposu.res when these were being sam ­

pled. This would explain the narrower range of the isotopic compos itions 
found in the surface sampl es. However, a few specimens in Table 7 (60 - 40A, 
62-4027A(c) and 62 -4004C), showing exceptionally or relatively low 0534 
values compared to other specimens from the same areas are considered to 
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Figure 9. Regular ity in the distribution of sulphur isotope data in sulphides 
occurring near the basal margin of the Muskox intrusion , within 
200 feet of the country rock contact 1 A 1 and 'B' outlin e areas 
shown in Figure 10. 
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Distr ibut i on of sulphur isotope data in sul phides 
obtained from surface exposures along the basal 
contact of the Muskox intrusion . A and B corres­
pond to the areas illustrated in Figure 9. Circles 
represent the specimens from t h e intrus i on body 
and triangles represent those from the adjacent 
country rocks. 

be examples of such sul phides. The s e correspond to the lightest two values 
in group A and the lightest one in g roup B of Figur e l 0. 

SYNOPSIS 

All the anal yzed sulphides in the Musk ox intrusion contain more 
s34 than meteoritic troil ite . Although there still remains a question about 
the original su lphur isotopic composition in the source magma of this intru­
sion, the data for the la~ered s e ries indicate that the magma contained sul­
phur w ith an average r, S 4 valu e of about+ 5 p e r mi l at the time of emplace­
m e n t or ve ry shortly afterw ards. The isotopic resul ts for the inner parts of 
the marginal z one , ar e very similar to thos e of the layer e d series and tend 
to confirm this conclusion. This av e rage value w as maintained with littl e 
variation throughout the course of c rystallization of the main intrusive body 
but the individual d at a fluctuat e in a range of about 5 per mil above and below 
t his av e rage . 

Sulphide s along the intrusion wall normally have isotopic value s 
heavier than + 5 p e r 1nil, and the r e is a striking correlation between thes e 
data and t h e type o f country rock adjacent to the intrusion. As a rule, 
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sulphides with 0s34 > +9 . 0 per mil are restricted to areas w here the country 
rock consists 1nainl y of rather l ow - grade metasedimenta ry rock s, whereas 
sulphides w ith r,s 34 ~ + 9 . 0 per mil occur where granitic rocks are t h e pre ­
dom in ant country rock . Apart from t h e detail of actual process, it cannot be 
quest i oned that some interact ion between t h e intrus i on and c ountry rock has 
be en r e sponsible for the isotopic composition of these sulphides . 

The remarkably h eavy average (+ 10. 1 p er mi l) obtained for the 
feede r dyke, and the puzzling dis c r epancy b etween this val ue and the ave rage 
for th e layered series, are probabl y due to the same process that produ ce d 
the is otopically h eavy sulphur (0s3 4 > + 9. 0 per m il) along the intrusion wall . 
The majority of countr y rocks adjacent to the exposed part of t h e intrusion 
fe e de r are n1etase di1nentary rocks. 

Detailed profil es of the i sotopic va riat i ons aero s s the intrusion 
contact to b e d esc rib e d in the next section wi ll serve as a basis for dis cu ss­
i ng the poss ib l e processes responsible for t h e h eavy isotopic values . 

SULPHUR ISOTOPE DISTRIBUTION IN PROFILES 
ACROSS THE INTRUSION CONTACT 

Profil e across t h e basal contact of the intrusion in the South drillhole 

A detailed study of the isotopic di s tribution of sulphur across the 
bas a l conta ct of t h e Muskox intrusion has been made on samples from the 
South drillho l e w hi ch provided a continuous drill- c ore sample through the 
marginal zone of the intrus ion and into the bas e m e nt country rock for about 
300 feet below the contact (Findlay and Smith, 1964) . Results of sulphur is o­
topic d e terminations on forty - three sulphide specimens from the contact 
zon e are listed in Table 8 and ar e plotted in Figures 11 and 12. 

Near the contact, sulphides in the intrusion ar e mainlypyrrhotit e , 
with small amounts of p e ntlandit e , cubanite and chalcopyrite. They occur as 
fin e - to coarse - grained disseminat ions or mass i ve aggregates such as have 
been observed in surface samples. oS 3 4 valu e s for e l even samples range 
from +5 . 3 to + 8. 9 p e r mil, averaging + 7. 7 per mil. In the drill-core section 
the country rocks are schists and gneisses containing many granitic materi­
als. The r e lation of the isotop ic values in th e intrusion (/\ s34 < 9%0 ) to the 
type of country rock is ther e for e in k e eping with the general relationship des­
cribed above (Fig. 9) . 

How e ver, in contrast w ith the rather small fluctuations w ithin the 
intrusion, the isotopic r e sults show a la rge variation in the adjacent country 
rocks , as illustrate d in Figures 11 and 12 . For purposes of discussion, the 
are a i s divided into four zones, I, II, III and IV, increasingly distant from 
the int rusion contact. Sulphides in each zone show charact e ristic isotopic 
compositions and/or mineralogical featur e s . 

Except for a f ew suppl e mental observations by the wr it er, data on sulphide 
min e ralogy presented in this section w ere supplied by J .A . Chamberlain 
from his study of the Muskox sulphides (Chamberlain, 1 967). 
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Figure 11. Distribution of sulphur isotope data across the basal conta c t o f 
the Mu skox intrusion in the South drillhol e . (Location 6 3, 
Fig . 3). 

In Zone I, within about 8 feet 1 of the intrusion contact, the coun­
try rock sulphides are slightly enriche d in s 32 . oS 34 for e ight sample s from 
this zon e ranges from + 4.0 to + S.2 per mil (S- 36 75.5 to S- 36 83 in Tabl e 81, 
averaging +6. 6 per mil. Mineralogically and also texturally thes e sulphides 
appear to be essentially identical w ith the adjac e nt sulphide s in th e intrus i on . 

Di"stances given in this section r e present those measured along t he axis of 
drill-core. The inclination of the intrusion base to the cor e axis is esti­
mated to be 30 - 35 degrees (Findlay and Smith, 1964). 



-Q) 
Q) 

u.. 

-24-

300o-----.-----.~-----~-----~.----.-----.-.--.-----

SULPHIDE 
CONTENT 

c: 3500 INTRUSION 

COUNTRY 0 

0 

4000 0 
0 

+30 +20 +10 0 0 1.0 2.0 

85 34 0/oo Vol % 
Figure 12. Variation of sulphur isotope data and sulphide content across the 

in tr usive contact in the Muskox South drillhole. Sulphide content 
data are from J. A. Chamberla in (privat e communication). 

Outside Zone I, the isotopic ratio c hanges suddenly, and a remark­
able concentrat i on of s 3 2 is indicated by a value of -1. 6 per mil obtained 
from a sample taken 9 fe et from the contact (S- 3684). Similar values are 
found for about another 3 feet ·with the two lightest values, both -3. 8 per mil, 
occu rring 12 and 1 3 feet from the intrusion (S-3686.5 and S-3688). Be¥ond 
this point the isotopic composition becomes h eavi er , and the s ign of AS 4 goes 
rapidly from negative to positive. A value of + 2.0 p e r mil is observed at 
about 18 feet from the contact (S-3692. 5). Sulphides in this region (Zone II) 
s how the same four-phase mineral assemb1age (po-pn-cb-cp) observed in sul­
phides of the intrusion and the inner zone country rock (Zone I). However, 
pentlandite and cubanite are not as abundant as in Zone I; on the average, sul­
phides in Zone I conta in 10 to 20 per ce nt of pentlandite and about 5 per cent 
of cubanite, whereas sulphides in Zone II have only 2 to 3 per cent of each. 
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A characteristic feature can also be seen in the mode of occurrence of these 

sulphides. In general, they are very fine grained (grain size < 0. l mm) and 
are disseminated parallel to the foliation of the host paragneiss, in contrast 
to the coarser grained and rather randomly disseminated or massive sul­
phide s in Zone I. 

A small proportion of the sulphid es in 7,one II is med ium to coarsE' 
grained, occurring in sporadically distributed patches similar to those of 
Zone I. These sulphides also have more pentlandit e and cubanite than is 
found in the majority of sulphides in Zone II. It was found that the isotopic 
data for these sulphides do not follow the trend observed in Zone II, but have 
values similar to thos e in Zone I, w ith only a slight enrichment in 5 32 

Examples may be seen in 5- 3685. 5(a) and 5- 3690(a) of Table 8 . The two 
types of sulphide are not always associated, but they are intimately inter­
mixed in 5-3685. 5 (Fig. 13). It is interesting to note that even in the latter 
case the isotopic compositions of the two types of sulphide are sharply differ­
ent. As illustrated in Figure I 3, specimen 5- 3685 . 5(b) is probably a mixture 
of both types of sulphide, but with the very fine grained type predominating. 
This mode of occurrenc e appears to be r esponsibl e for the increase in 534 in 
this specimen with respect to neighbouring samples, S-3685 and 5- 3686. 5. 
Both of the latter apparently consist of only the very fine grained type of 
sulphide. 

The isotopic variation observed in the major group of sulphides 
in Zone II seems to continue into Zone III without a major break in trend. At 
about 28 feet from the intrusion, the isotopic composition is +4. 7 and +4 . 4 
per mil (S-3702. 5 a and b). An outward increas e of f)S3 4 continues, but at 
a decreasing rate. Finally, about 50 feet from the contact, the isotopic data 
are again comparable to thos e in the intrusion and Zone I, and similar values 
exi st for more than 20 feet beyond this point. The ;:,s34 values in five speci­
mens from this area vary from I 6 . 2 to +8 . 7 per mil (S- 3727 to S- 3754) . Sul­
phides in Zone I II (S - 3702. 5 to S- 3754) are mainly pyrrhotite accompanied 
by a little c h alcopyrite; t h ey are almost free of pent l andite and cubanite. 
They occur, in general, as fin e - to medium- grained d i sseminations. With 
the exception of one sample (S- 3 71 9), the sulphide distribution appears inde­
pendent of the host rock structure. In S - 3 70 2. 5 (a), sulphides occur in a 
quartz veinl et. 

In Zone IV, t h e abundance of sulphides in the country rock becomes 
very l ow. T h e average su l phide content is not more than 0.01 to 0 . 05 per 
cent by vo lume, compared with 0. 1 to 0 . 3 per cent in Zone III and l to 2 per 
cent in Zones I and II (Fi g. 12). Pyrite and chalcopyrite are the predominant 
speci es of s ul phi de in Zone IV. They are usually fine grained , and they 
commonly occur as a th in, filmy coating or impregnation along minute frac­
ture or sch istos i ty planes . Sul p h ides in the lowest 200 feet of t h e South dr ill ­
hole also show these characteristics . The isotopic values were determined 
in five specimens from t h is zone. In the i nner half of the area, the data are 
comparable w i t h t h ose in the pre ceding zone: a value of+ 9 . 1 per mil was 
obtained for two specimens taken 115 and 184 feet from the intrusion contact 
(S - 3789.5 and S-3859 resp ectively) . In the last 100 feet of theSouthdrillhole, 
sulphur is relative l y heavy: 0S 34 is + 15. 1 per mil (S- 3914) at 239 feet from 
the contact, +23.3 per mil(S-3970) at 295 feet, and+29.8 per mil (S - 3980)at 
305 feet. As stated, the presence of pyrite instead of pyrrhotite makes th i s 
zone different. Between Zone III and Zone IV t h ere is a transit i onal zone in 
which pyrrhotite occurs w i th some pyrite and chalcopyrite. M i c r oscopic 
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8534 = +0.2%o 
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8 534 = + 6.0 °/oo 
Figure 1 3. T"·o types of sulphides 

in country rock adja­
cent to the basal mar ­
gin of the Muskox 
intrusion (3685 . 5-foot 
level of t h e South dri ll­
hole, 11 feet from the 
intrusive contact, see 
Table 8). 

inch 

observat i on shows that t h e range of abo ut 30 f eet , b e tween 3760 - and 3790 -
foot level, has this three-phase mineral assemb lage . However, all observed 
grains o f pyrrhotite and pyrite are isolated from each other, and there is no 
posit i ve evidence that the two minerals were in e quilibrium when they formed 
(Chamberlain , 1 967, p. 139). 

At pre sent, the experimental data are difficult to interpr et satis­
factorily , both because our knowledge of sulphu r isotope geochemistry of this 
type of intrusion is still limited and becau se there are many basic facts of 
geology and mineralogy of this intrusion that remain uncorrelated . However, 
a dis cus sion w ill be given, on the basis of several assumptions. 

It seems reasonable to assume that sul phur in the majority of sul­
phides in Zones I, II and III migrated from the intrusion body. (Chamberlain, 
1967, pp. 135 -146).1 Sul phides in Zone IV, however, have a different min­
eral assemblage and also show little positive evidence that their formation 
was directly related to that of the su lphides in the inner zones. It might be 
reasonable therefore to consider Zones I to III and Zone IV separate ly in the 
present discussion. 

If th e sulphur in Zones I to III is intrusive in origin its isotopic 
composition may have changed during the migration . In principle, as the 
lighter isotope moves faster than the heavier, a simple process-like diffusion 
may cause an outward decrease in 0s34 value. However the isotopic profile 
observed h ere (Fig. 11) is more complicated, and is difficult to explain by a 
diffusion mechanism only. Besides, the range of isotopic variation (up to 12 
per mil) seems to be too large to have resulted from diffusion isotope effects 
(cf. Wanless~~-, 1960; Field, 1966). 

f 
Zones I and II are in Chamberlain's Po- Pn- Cp-Cb Zone. Zone III nearly 
corresponds to his Po-Cp Zone, and Zone IV to Po-Py-Cp and Py-Cp Zones 
(Fig. 16 in Chamberlain, 1967). 
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The isotopic and mineralogical data in Zone II, as illustrated in 

Figure 13, appear to indicate that two more or less independent sulphide min­
eralizations are involved in this contact zone . If this is true for the entire 
part of Zones I to III, the observed isotope profile may be explained by mix­
ing of two kinds of sulphur whose i;S 34 values are significantly different . 
Apart from the mode of formation of two kinds of sulphur. this process suit­
ably explains highly complicated isotopic patterns, as the va1·iation in relative 
abundance of the two sulphur species essentially cont rols 0s34 value at any 
given point. An example may be seen in Figure 1-4. In the diagram, the iso­
topic compositions of two kinds of sulphur are given by r, A and l\B, assuming 
both are invariable with distance from the intrusion, while the distribution of 
each sulphur is assumed to vary like the curves XA and XB, respective ly. 
Then if the two mineralizations overlap and simple mixing of the two kinds of 
sulphur takes place, the overall variation of 0s 34 in the region will result in 
a curve like llA+B' which is similar to the one observed (Fig. 11). It should 
be noted, however, that the actual mechanism may have been complicated by 
other possible variations in f..A and l\B and/or incomplete mixing of the two 
sulphur species as indicated by the example in Figure 13. 

Accepting the two sulphide mineralizations in Zones I to III, a 
question must arise about their genet ic relationship . From the mode of 
occurrence of (b) type sulphides shown in Figur e 13, one might suspect that 
these sulphides formed syngenetically with the country rock and were already 
there prior to the emplacement of the intrusion. This opinion may be favoured 
by the fact that while (a) type sulphides are common both in the intrusive mar­
gin and the immediately adjacent country rock (b) type sulphides have been 
recognized so far only in the latter. 

If the sulphur in both types of sulphide was derived from a com­
mon source, the isotopic composition in this source sulphur may be approx­
imated by the average obtained for the entire contact zone where the two types 
of sulphide exist . The result determined by weighting the samples accordin g 
to the variation in sulphid e content is given in Table 9, with the basic data 
used in the calculation. The weighted average for the area, including the 
intrusion margin and the adjac ent country rock (Zones I to IID, is +6 .2 per 
mil, nearly identical with the isotopi c value observed in the inner part of the 

marginal zone encountered by the same drillhole (+6 . 0 per mil in S- 3152 in 
Table 8 and Fig. 12). T hi s is also fairly close to the average isotopic values 
est imated for the w h ole layered series or the inner marginal zone of the intru­
sion (+5 ± 0. 5 per mil) and therefore appears to favour the assumption that 
the majority of the sulphur in the contact sulphides was derived frorn the 
intrusion. 

In contrast w ith Zones I to III, it is difficult to find decisive evi­
dence that the sulphides in Zone IV have also forme d from the sulphur 
migrated from the intrusion. On the basis of the mineral assemb lage and 

very low sulphide content in this zone, Chamberlain (1967, pp. 139 and 146) 
believes that pyrite and chalcopyrite occurring in this zone represent back­
ground sulphides in the count ry rocks and are not related to the intrusion. 
However, regardless of the origin of sulphur, it seems highly probab le that 
the intrusion was directly or indirectly involved in formation of the remark­
able heavy sulphur in this zone, because, with the except ion of several speci­
mens collected from simila r spatial environments, no sulphur possessing such 
a high concentration of s34 has been found to date in other regions of the coun­
try rock. The mode of occurrence of the sulphides in Zone IV, especi ally the 
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Figure 14. An explanation of sulphur isotopic variation given in Figure 11, 
b y mixing of two kinds of sulphur. 

t hin filmy coating on minute fractures in host rock and the association with 
clayey material, are indicative of a fairly low temperature of formation. _ 
Therefore, if the sulphides in this zone were also derived from the intrusion, 
they w ere probably produ ce d at a much later stage than the sulphides in 
Zones I to III. A tendancy for more e xtensive fractionation of sulphur iso­
topes to occur during low temperature mineralization has been noted by 
Gavelin et al. (1960); and Ridge (1960) has discussed very high and very low 
cs 34 value~aused by the replacement of sulphides at low temperatures. 
Detailed investigations of a single mineral deposit or mineralized area have 
occasionally revealed th e presence of exceptionally heavy or light isotopic 
compositions in later stage sulphides (e.g. Buschendorfet~., 1963; 
Friedrich e t al. , 1964). Thus it s ee ms reasonable to assume that the high 
6s3 4 value-; observed in Zone IV resulted from some later stage or low tem­
perature process, although the actual mechanism of fractionation remains 
unknown. It should be noted that the sulphur involved on this low temperature 
mineralization need not have come directly from the intrusion. Under suit­
able c onditions brought about by the e mplacement of the intrusion, pre­
existing sulphide might have been remobilized and redeposited within the 
localized spatial environment . These pre- existing sulphides might be e ither 
syngenet ic sulphides in the country rock or early formed sulphides from 
Zones I to III. In any case, since the abundance of sulphide in this zone is 
very low, the we ighted average of isotopic da.ta in the profile across the 
intrusion c onta ct is not greatly affected when these sulphides are included in 
the calculation {Table 9). 
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Data from other drillholes and surface sampl es in the basal c ontact area 

It is important to determine if the r es u l ts obtained in the South 
drillhole represent the general trend of the sulphur isotope distribution in the 
profile across the basal contact of the intrusion. Cores from two hol es 
drilled by the International Nickel Company of Canada in 1958 
(DDH-58-15804 and DDH- 58-15808) were studied for the purpose. However. 
in neither case was it possible to get enough data to reveal as d etailed a patt­
ern as that obtained from the Muskox South drillhole as core samples \\'ere 
availab l e only at in tervals of 10 to 15 feet and the sulphide - rich zones from 
the contact were absent. The results are given in Tables 10 and 11 and 
plotted in Figures 15 and 16. 

DDH- 58-15804 cuts the intrusion through the eastern marginal 
zone near the feeder and penetrates the basement complex for about 100 feet. 
The basement complex in this area consists of gneisses and granite . The 
geologic environment of this hole is therefore analogous to that of the South 
drillhol e, although they are spatially distant from one another. The isotopic 
value of the intrusion sulphide is for a single specimen taken from the core 
about ZOO feet above the contact, giving a result of +6. 4 per mil 

(58-15804-480 of Table 10). The decision to let this single result represent 
the isotopic composition in the intrusion margin is justified. when the data 
from surface samples near the drillhole (+7.8 per mil in 59 -1045B (b) and 
+ 7. 6 per mil in 59-1087C of Table 6) is considered. It is assumed that the 
average isotopic composition in this part of the intrusion is about +7 ± 1 per 
mil, or comparable to the value obtained for the intrusion margin in the South 
drillhole. The isotope distribution in the adjacent country rock is based on 
five sulphide samples collected from a zone extending for 75 feet below the 
intrusion contact. The results show an outward increase of &S34, varying 
from +z . 9 to +7 . 8 per mil (Fig. 1 5), and the sampl es adjacent to the contact 
are markedly enriched in s32 with respect to the value for t h e intrusion mar­
gin. The trend of isotope distribution in this profile is comparable to that in 
the South drillhole, and with the analysis of closely spaced samples in the 
zone immediately below the content wou ld be expected to resemble that indi­
cated in Figure 11 for the South drillhole. The two types of sulphides recog­
nized in Zone II of the South drillhole are not clearly distinguished in drill­
hole 58-15804. However, the sulphides in specimen 58-15804- 680 are very 
fine grained and may be grouped with the (b) type sulphides in Figure 13. 

DDH- 58 -1 5808 cuts the eastern marginal zone of the intrusion and 
the under l ying country rock. The latter are mainly metasedimentary rocks 
rather than gneisses and granites as for the South drillhole and 

DDH-58-15804 . Cores were not availab l e for 20 to 30 feet on either side of 
the intrusion contact, therefore it was not possible to establish a definit e iso­
topic profile (Fig . 16). Three samples of pyrite from the country rock are 
similar to the sulphides of Zone IV in the South hole, judging from mineral 
species and mode of occurrence (Table 11). The relatively heavy isotopic 
values may also support this view. 

As mentioned before, a few sulphide samples taken from surface 
exposures of the country rock adjacent to the basal contact of the intrusion 
are enriched in s3Z relative to samples from nearby localities. Typical 
examples are 60-40A. 6Z -40 27A(c) and 6.Z-4004C in Table 7 . It is inter est ing 
that these sulphides are rather fine grained and normally occur parallel to 
the fis sility or s chi stos ity plane of host rock. Thus, it might be reasonable 
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Figure 15. Distribution of sulphu r isotope data in the drillhole DDH- 58-
15804, t h e Muskox intrusion. (Location 25, Fig. 3). 

to think of these sulphides as (b) type or, more probab ly, intermediate to the 
(a) and (b) type of sulphide recognized in Zones I to III of the South drillhole. 
Other examples may also be found in Table 7, for instance, 6Z-4030A and 
6Z -4003A. Thus, although data are still very limited, the occurrence of these 
sulphides in the country rock adjacent to the basal contact of the intrusion 
appears in general to be irrespective of the major differences in the type of 
country rock along the east and we st contacts (Fig. 9). The possibi1ity of 
overlooking (b) type sulphide during the sampling of the contact-zone sul­
phides from surface exposur es was previously noted (p. 19). 

Profiles across the roof contact of the intrusion 

The distribution of sulphur isotopes across the roof contact of the 
intrusion was established for drill-core samples from the top of the North 
dr illhole. This drillhole cut s the sand stone roof-rock for about Z 00 feet 
before it enters the intrusion. Sulphides in this profile are pyrite and/or 
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chal copyr i te as in the upper border zone of the intr u s ion. No pyrrhotite, 
c ubanite o r nicke l -bear ing s u lphide has been observed . Sulphur isotope val­
ues were determined fo·r two specimens collected from the intrusive breccia 
zone and five from the cou ntry rocks with in about 90 feet of the contact. The 
r e s ults are g i ve n in Tabl e 12 and plotted on Figure 17. No isotopic data 
could be obtained from t h e u p per border zone in this drillhole, but values 
determined for surface samples from the same zone (59 - l 766B to 60 - 609A in 
Tabl e 3) are p lotted in F i gure 17 to show t h e background isotopic composi tion 
in this part of t h e intrusion. 

The 0s34 values of two specimens in the intrus i ve breccia (+4. 0 
and +4. 2 per mil) are simi l ar to the background data of the upper border zone 
(+ 3 . 3 to+ 7. 1 per mil). In the adjacent country rock, the values obtained are 
heavier than the values in the intrusive breccia (Fig. 17). However, except 
for two specimens (N-0018-a and b), they are still close to the values in the 
upper border zone. The isotopic ratios for sulphides in the country rock 
were also determined for four samples taken from surface exposures and the 
East drillhole (Table 12). The results indicate again the isotopic similarity 
between the upper part of the intrusion and the adjacent country rock. 
Because the sulphide mineral assemblage also is identical on both sides of 
the contact, it seems reasonabl e to assume that the majority of sulphides in 
the country roof rock simply migrated from the intrusion. The refore the 
sulphide mineralization in this part may have been essentially different from 
that. in the basal contact zone whe re t w o diffe rent types of sulphide appeared 
to cause a complicated isotopic distribution . The exceptionally heavy values 
in N-0118(a) and (b) of Table 12 are similar to the data obtained in Zone IV 
of the South drillhole. 
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Country rock adjacent to the feeder 

In view of the mineralogical and isotopic similarity of the feeder 
and marginal zone sulphides, a profile across the feeder contact would be 
very valuable. Unfortunately, this could not be obtained because of the dis­
continuous distribution and low concentration of sulphides in the feeder. The 
single isotopic result for country rock sulphide has a value of+ 12. 2 per mil 
for chalcopyrite obtained from granodiorite adjacent to the west contact of the 
feeder (Table 13). This is comparable to the data observed in this part of the 
fe eder dyke (62-4019A-a , +11 . 1; 62-4019B-b, +10.0; and 62-4018, +12.2 in 
Table 2). 

Synopsis 

The investigation has revealed an e xtensive su lphur isotope abund­
ance range in sulphides taken across the basal contact of the intrusion in the 
South drillhole. Resu lt s from other drillholes and surface samples indicate 
the probable exist ence of simil ar trends in other parts of the basal contact 
zone. Two types of sulphide are recognized in the country rock immediately 
adjacent to the intrusion. The one (a type} is, both mineralogically and iso­
topically similar to sulphides in the int rusion margin, whereas the other 
(b type) is isotopically much lighter and may also be distinguishable mineral­
ogical! y and I or textural! y . Isotopic patterns observed across the basal con ­
tact are attrib uted to the mixing of these two types of sulphide. 
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The result from the South drillhol e also indicates that "·hilc the 

average isotopic composition for the intrusion margin is fairly h eavy (+ 8 per 
mil), the value calculated for the entire sulphide- bearing zone across the 
intrus i on contact i s relatively light (+6 per mill, being fairly clos e to the 
averages obtained for the layer e d series and the inner part of the marginal 
zone (+ 5 ± 0. 5 per mil). This is in accord w ith the assumption that the two 
types of sulphide in the country rock, as we ll as the sulphide in the intrusi on 
margi n, are the products of a singl e source of sulphur, the same sulphur that 
formed sulphides in the layered series and the inner marginal zone. Thus, 
the higher concentration of s34 in sulphides of the basal margin relative to 

the inner parts of the intrus i on may be e xp l ained by pr e ferential migration of 
the li g h ter su l phur ou ts i de the intrusion contact, where (b) type sulphide pre­
dominates . However , the questions of how the two types of sulphur (or sul­
phide) have d i ffere n t i ated from a s ingle source remain unsolved . 

As stated, the isotopic data in the intrusion margin show a strong 
correlat i on with the type of adjacent country rock, and may be divided into 
two groups: (1) r,s3 4 < +9 . 0 per mil in the area adjacent to granitic country 
rocks and (2) 5s34 > + 9 . 0 per m i l in the area adjacent to meta sedimentary 
rocks. Such a correlation seems to attest the prirscn ce of ce r tain interactions 

between the intrusive magma and its country rock. From the data, one n-1ight 
consider that the intrusion margin was contaminated by country rock sulphur 
and that the average sulphur of the metasedimentary rocks wa s heavier than 

that of the granitic ones. Although this is a tempting interpretation, our 
knowl edge of the country rock sulphur (see the next section) is sti ll too limited 
to further evaluat e thC' hypothesis. Rather, the isotopic evidence for the 
South drillhole favours the assumption that the majority of sulphur in the 
basal contact zone has been derived from the intrusive body. If this is a gen­

eral rule in the entire basal contact of this intrusion, then the regular rela ­
tion observed between sulphur isotopic values in the intrusive margin and type 
of country rock should not be entirely attributed to the contamination by coun­
try rock sulphur. This means that certain other differences in chemical and/ 
or physical properties between the granitic and metasedimentary rocks must 
have been responsible for this effect. However, further discussion is again 
difficult because of the limited data . The South drillhole data merely provide 
us with an example of the isotopic variations across the basal contact in the 
area of granitic country rocks, and we therefore require at least one similarly 
detailed profile in the area of metasedimentary rocks. Unfortunately, suit­
able samples were not available for such a study . 

The isotopic distribution of sulphur across the roof contact of the 
intrusion is different from that determined for the basal contact zone . There 
are no marked differences such as were observed between the edge of the 
intrusion and the inner portion of the upper border zone. The majority of sul­
phides in the roof - rocks appear to be the same as those in the intrusion , both 

mineralogically and isotopically, and there is no indication of two types of 

sulphide as along the basal contact zone. 
The lack of suitable specimens made it impossible to obtain an 

isotopic profile across the feeder contact. However, the mineralogica l and 
isotopic sirnilarity of the feeder sulphides to the sulphides in the basal mar­
gin of the intrusion suggest that this profile would be analogous to those 
obtained for the basal contact zone. If so, then the h eavy sulphur detected in 
the now exposed feeder might be explained in a similar way. 
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According to the composite data discussed above, it seems rea­
sonable to assume that the sulphur that formed the sulphides in the basal 
margin of the main intrusion body and the feeder dyke originally possessed 
an isotopic composition identical to the average value obtained for the laye red 
ser i es and the inner pa rt of the mar gin al zone - that is, about + 5 per mil. 

SULPHUR ISOTOPE DISTRIBUTION IN COUNTRY ROCKS OUTSIDE 
THE THERl\!AL l\ffTAl\10RPHIC Al-REOLE OF THE I1'TRUSION 

Sulphur isotopic compositions were dderrnined for deven sulphide 
samples obtained frorn country rocks in the area outside the thermal meta­
morphic aureole of the intrusion. The data are presented in Table 14 Figure 
4. Although it is difficult to give proof, these sulphid es may be considered 
to have formed syngenetically with their host rocks. The analyzed materials 
include four samples of pyrite from basement metasedin1entary rocks, three 
of pyrite· and one chalcopyr it e from the metavolcanic rocks, two of pyrite 
fron1 granitic gneisses, and one of pyrite from granodiorite intruded into the 
basement series . Most of these su lphides contain more s3 4 than is found in 
meteoritic troilite. Arithmetical averages of 6s 34 in per mil for each group 
are: metasediments, +5.0; metavolcanics, +2.6; granitic gneisses, +5.0; 
and granodiorite, + 5 . 6 . However it will be appreciated that because the 
samplin g is limited , these averages are not very meaningful statistically. 

SULPHUR ISOTOPE DISTRIBUTION IN DIABASE DYKES 

Twelve sulphide samples from seven apparently separated diabase 
dykes w ithin or near the Muskox intrusion body were analyzed. The isotopic 
ratios obtained are listed in Table 15 and displayed in Figure 4. The sul­
phides are generally pyrite or chalcopyrite, but two are samples of pyrrhotite 
from a dyke intersected in the North drillhole (N-2678 and N-2811). Although 
there seems to be littl e petrographic difference between the dykes, the sul­
phur isotopic results appear to fall into two groups. In dykes E, F and Gin 
Table 15, the isotopic values have a fairly narrow range, close to the value 
of the meteoritic standard, from -0. 7to + 1. 6 per mil, whereas in the dykes 
A, B, C and D, the isotopic ratios show no resemblance to the meteoritic 
value, ranging w idely from -4. 4to+11. 3 per m il. Smitheringale and J ensen 
(1963) found that sulphides in the normal diabases of the Triassic Newark 
Group in eastern United States have sulphur isotopic compositions comparable 
to meteoritic tr oilite, whereas the sulphides in late stage facies from the 
differentiated intrusives are variously enriched in s 34 with respect to the 
meteoritic value, with 0s3 4 values up to+ 11 per mil. The data given here 
for dykes :C, F and G may roughl y be compared to their results for normal 
diabases, but the isotopic data for the dykes A, B, C and D, can hardly be 
attributed to differences in rock type. However, it is interesting to note 
that the differences in isotopic composition may again be correlated with diff­
erences in country rock. Dykes A, B, C and D, occur in the basement corn" 
plex where it is mainly metasedimentary rocks, whereas E, F and G are in 
the Muskox intrusion or basement granitic gneiss. Thus it is possible that 
certain interactions between the diabase and its country rock, particularly 
metasedimentary rocks, are responsible for the wide range of isotopic values 
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obtained for the dykes, with the original value for diabase sulphur being 
approximately that of meteoritic sulphur. As there does not seem to be much 
difference in the ages of the diabase dykes and the Muskox int rusion, the 
apparent difference in the original isotopic composit ion between them may 
warrant further consideration. 

SULPHUR ISOTOPE DISTRIBUTION IN, AND ASSOCIATED WITH, 
A MINOR GABBROIC BODY IN THE ROOF ROCK 

Vis ible amounts of pyrrhotite and pyrite are disseminated in a 
minor exposure of gabbroic rock cropping out near the northeastern roof c on­
tact of the int r usion and in the adjacent country rock. The outcrop is ve ry 
small, only a few tens of feet across, and no additional exposure has b e en 
discovered in this vicinity. It therefore is difficult to know if any genetic 
relationship exists between this body and th e Muskox intrusion. The isotopic 
values determined for six sulphide samples from the gabbro and the adjacent 
country rocks are given in Table 16. The values range between -3.6 and 
+O. 4 per mil, which is lighter than the values determined for the majority of 
sulphides in and associated with the Muskox intrusion. 

SULPHUR ISOTOPE FRACTIONATION AMONG 
COEXISTING SULPHIDE SPECIES 

The distribution of sulphur isotopes between coexisting sulphide 
minerals was examined in the follow in g c ombinat ions: pyrrhotit e -chal copyrit e, 
cubanite- chalcopyrite, pyrrhotite- cubanite-chalcopyrite, chalcopyrite ­
galena, pyrrhotite-seagenite and primary pyrrhotite- secondary pyrite or 
marcasite. A comparison was also made of the isotopic composit i ons of t w o 
types of pyrrhotite separat e d on the basis of magnetic propertie s . The 
majority of specimens were obtained from the sulphide s occurring near t he 
basal margin of the intrusion. A total of fifty-three sulphide mine ral pairs 
extracted from forty-one diffe rent spec imens were e xamined, and t he res ults 
are shown in Tables 17 to 20. The diffe rence in os 34 b etwe en coexis t ing 
sulphide species i s generally small. It exceeds 1. 0 p e r mil in only six 
instances, and the averaged difference for all pairs sampled is O. 6 pe r mil. 

Although it is difficult to b e certain, inasmuch a s t h e diffe r e n ces 
are small and not entirely consistent, there does seem to be a t enden cy for 
pyrrhotite to be slightly heavier than associated chalcopyrite, as illustrat ed 
in Figure 18 . The arithmetical average of 0S34po - ns3 4 cp for twenty-nin e 
pairs is + 0 . 2 per mil. Paragenetically , the s e tw o mine rals app ear to b e 
clo s ely r e lated, but the r e is s ome i n di c ation t h a t c h a l co p y rite started to form 
sli ghtly late r b e c a us e in m a n y s p ec i men s it i s c o n c entrated near the margin s 
o f t h e pyrrh oti te g r ains, and in some cases as t hin rims around the pyrrho­
t it e grains. In a few specimens, pyrrh ot it e i s clearly veined by chalcopyi-ite. 
S ulphur isotope fractionation between coexi st i ng sulphide minerals has lwen 
repor t ed by several authors for various m ineral pairs in several types of 
sulp h ide deposit. It is interesting that, in general , the paragenetically later 
sulphides are various l y depleted in s34 w i th respect to the earlier ones in 
spite of the geologic and mineralogic diversity of specirnens (Ault and Kulp, 
1960; Wanless et~., 1960; Freidrich et~. , 1964; and Tatsumi, 19651, 
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Figure 18. Distribution of sulphur isotopes between coexisting pyrrhotite 
and chal copyrite from the Musk ox intrusion . Area between two 
dashed lines corresponds to j 0s34po - 5S 34cpl < 1 . 0 per mil. 

whereas the fractionation factor between the same kinds of minerals is differ ­
ent for different localities. The present data obtained for pyrrhotite ­
chalcopyrite pairs are consistent with this general tendency. It will be noticed 
from Table 17 that the isotopic fractionation between the two minerals tends 
to show abnormal values in specimens in which either they occur as dist inctly 
separate grains or chalcopyrite forms apparently later veins (e.g . 62-401 lB, 
62 - 4023, and 62 - 4054). It seems probable that in these specimens, the two 
minerals are paragenetically more independent . 

The paragenetic relationship of cubanite to pyrrhotite and of pent­
landit e (now altered to seagenite) to pyrrhotite in the specimens studi ed may 
be compared with that of chalcopyrite to pyrrhotite. Chalcopyrite and cuban­
i te generally occur in lamellar inter growths, clearly as a result of exsol ution, 
whereas in chalcopyrite- galena pairs, galena is the paragenetically later 
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sulphide . Although the data are still too limited to establish any systematic 

differences (Table 18), a similar tendenc y to that observed for pyrrhotite and 
chalcopyrite maybe noted in a few instances (e .g. in the chalcopyr ite-galena 
pair). 

Comparison of magnetically different pyrrhotites from the same 
hand specimen was considered necessary because, in the course of separat­
ing the sulphide minerals for analyses, many of the pyrrhotite specimens 
were magnetically concentrated and so might have been isotopically fraction ­
ated . Nine specimens were invest igated, each of them being roughly divided 
into two fractions by a hand magnel. The results are given in Table 19 . The 
isotopic difference between the fract ions is small, averaging 0. 4 per mil and 
is not systematic with respect lo magnetic susceptibility. 

Pyrrhotites obtained from surface exposures frequently contai n 
varying amounts of pyrite or marcasite formed by supergene alteration. The 
isotopic compositions of the primary and secondary sulphides were compared 
in five specimens as shown in Table 20. There does not seem to have been 
any significant change of the isotopic composition during the alteration, bul 
the re is still room for furth e r investigation . 

DISCUSSION OF THE INITIAL SULPHUR ISOTOPIC VALUE 
IN THE MUSKOX MAGMA 

As noted previously, it may b e concluded t hat the average iso ­
topic composition of sulphu r in t he Muskox intrusion was about+ 5 p e r mil 
when the magma was emplaced at the present site of t h e intrusion. From 
present knowledge it seems reasonable to assume that the majority of the 
magmatic compon ents, including the sulphur, were d e rived from the upp e r 
part of the earth's mantle. Our knowledge of th e isotopic compos ition of sul­
phur in the mant l e is still limited, but several recent inve stigations of sul­
phides in other mafic or ultramafic plutons have shown isotopic values simi­
lar to the compos ition of meteoritic sulphur, w hi ch m;i.y b e characteristic of 
t h e mantle (Shima~.§]_., 1963; Smitheringale and Jens e n, 1 963) . It is the r e ­
fore important to consider the meaning of the relative ly h eavy average iso ­
topic value obtained for the Muskox intrusion. 

There are two main possibilities: 
(1) The sulphur contained in the Muskox intrusion is isotopically 

representat ive of the sulphur in the mantle at the place (and at the time) the 
Muskox magma was formed . Thus the mantle sulphur would have a As34 
value of +5 per mil rather than zero as in meteoritic troilite. 

(2) The original isotopic value in the mantle sulphur is not pre­
served in the Muskox sulphides, in which case we may still assume that man­
tle sulphur has the meteoritic isotopic ratio. This possibility allows two fur­
ther alternatives: 

(2A) All the sulphur in the intru s ion was derived from the mantle, 
but some process or processes of isotopic fractionation occurred in the 
ascending magma and caused an enrichment in s 34 

(2B) At l east a part of sulphur in the intrusion has not come 
directly from the mantle, but was introduced from count r y rocks encountered 
by t he ascending magma. 

The possibility remains that the sulphur in t he earth' s mantle has 
undergone isotopic fractionation during the evolution of the earth, even if 
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originally it had a homogeneous composition similar to meteoritic sulphur. 
In this regard Shima et~· (1963, p . 2846) made the following comment 
based on their study of the Palisades, Cobalt, Leitch and Insizwa mafic sills: 
"Four basic sills, whose intrusion was wide l y separated in space and time, 
all have ~s 3 -l values similar to meteorites; it may be concluded that the man­
tle has a uniform ratio of s 32 ;s3 4 which has not changed with time". How­
ever , the results of the Muskox intrusion suggest that it is still ea rly to deny 
the possibility ( 1) above. Before drawing a final conclusion on this question, 
we should investigate more mafic and ultramafic intrusives of different ages 
and from differ ent localities. 

If one considers possibility (2Al, assuming that the original sul ­
phur in the magma was isotopically identical to meteoritic sulphur, questions 
to be answered are: How did the isotopic fractionation take place and where 
should we expect to find the rest of the sulphur necessary to make the aver­
age isotopic value be zero per mil? As pointed out before, there is a general 
tendency for the sulphur in the intrusion walls to be enriched in s34 as com­
pared with the average in the intrusion and, although the interpretation is 
still tentative, the available data indicate that this may be explain ed by the 
preferential migration of the lighter sulphur into the country rocks in response 
to so1ne type of interaction between the magma and the country rock. If this 
is the case, then it seems possible that a similar process might have taken 
place in the ascending magma on its way to the present site of the intrusion. 
This would permit the lighter isotope to move preferentially away from the 
magma . thereby caus ing t he gradual relative enrichment of the heavier iso­
tope in the residual sulphur, until finally a value of about +5 per mil was 
reached . 

The Coppermine basaltic lava flows, which are up to 11, OOO feet 
thick, cover an extensive area north of the present exposure of the intrusion 
(Fraser, 1960; Smith, 1962). The chemical similarity of these basalts to the 
chilled margin of the Muskox intrusion and their close spatial relation sug­
gest that the basalt may be the extrusive equ ival ent of the Muskox magma. 
If this is the case, a more reliable average of sulphur isotopic composition 
in the original Muskox magma might be obtained by taking into account the 
composition of the sulphur in the flows as well as in emanations expelled dur­
ing the volcanic activity. Unfortunately, no isotopic data are available for 
these materials. However, considering the isotopic data on volcanic mate­
rial by previous workers (e.g. Sakai, 1957; Ault and Kulp, 1959; 
Smitheringale and Jensen, 1963), it is possible that the sulphur related to the 
extrusive facies, including emanations, was generally enriched in s 32 rel ­
ative to that of the intrusive facies, and so would compensate for the enrich­
ment in s34 in the latt e r. 

Although there is no positive evidence that the intrusive magma 
was subjected to large scale contamination by the crustal material, it seems 
rather improbable that the sulphur in the intrusion is completely free from 
such contamination . Examples of magmatic assimilation of country rock sul­
phur have been discussed in the studies of the copper-nickel sulphide deposits 
associated with mafic to ultramafic intrusive bodies in Noril' sk area, north­
ern Siberia, by Goldevskii and Grinenko (1963) and Vinogradov and Grinenko 
(1964). These authors concluded that fairly heavy isotopic values (+8 to +9 
per mil on the average) measured in sulphides from the deposits are due to 
the contamination of magmatic sulphur by heavy sulphur that was originally 
contained as sulphates in the underlying sedimentary rocks penetrated by the 
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magma. If homogeneous mixing of the original and introduced sulphur was 

accomplished, the isotopic composition of such a mixture would simply be a 
function of the amounts and the isotopic composition of the two kinds of sul­
phur . Assuming that the sulphur in the Muskox intrusion has been changed in 
isotopic composition from 0 to+ 5 per mil by such contamination, the required 
amounts of foreign sulphur would vary according to its isotopic value as foll­
ows: 50, 34, 25 and 21 per cent of the total sulphur, when the isotopic values 
are +10, +15, +20 and +25 per mil, respectively. Although it is impossibl e 
to know the distribution of sulphur isotopes in the ,::ountry rocks penetrated 
by the magma, the data obtained for sulphides in the enclosing rocks at the 
present erosion surface are generally heavier than the meteoritic standard, 
showing a measured maximum of+ 1 3 per mil in a pelitic schist (Table 14). 
However, in order to go into further discussion of such a possibility, we 
require more data on the isotopic compos ition and abundanc e of the sulphur 
in the country rocks . At pres ent, the situation do e s not look as favourable as 
in the Noril'sk area. 

As d is cussed above, our knowledge is still too limited to draw 
any conclusion of the meaning of the relatively h eavy isotopic composition of 
the sulphur of the Muskox intr usion . So far none of t h e possibilities given 
above appears to have enough evidence to exclude t h e othe rs. However, if we 
must choose, the most acceptable interpretation at the moment seerns to be 
the one descr ib ed in (2A) with probable participation of that in (2B\. 

Ault, W.U. 
1962: 
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Table 1. Reproducibility of s ulphur i sotop e ana l yses in five separately 
pr epared samples of Ca'"Tion Diab l o troilite . 

A . STD - 1 1 12 (Date prepared: I - 2-1 963 ) 

AS34oloo Date Analyzed os34oloo Date Analyzed 

0. 0 16 - 10 - 63 0 . 0 16-12 - 63 
- 0. 2 24- 10 - 63 - 0 . 4 17 -1 2- 63 
-0. 2 28- 10-63 -0. 2 17 - 12- 63 
- 0 . 2 4 - 11 - 63 - 0 . 2 31 -1 2 - 63 
- 0 . 2 15-11-63 - 0 . 4 l 3- 1-64 
- 0 . 6 28 - 11 - 63 - 0 2 5- 5 - 6 4 
- 0 . 2 11-12-63 +o. 2 23 -11- 64 

Average - 0 . 2+0 . 19''' 

B . STD-11 13 (Date prepared : 1-2-1963) 

AS34o;oo Date Analyzed AS34o;oo Date Analyzed 

- 0.2 21 - 10 - 63 0 0 13-12-63 
0 . 0 25 - 10 - 63 0. 0 2 1-1 2-63 
0.0 30-10-63 +o . 4 31-12 - 63 

- 0 . 2 8 - 11-63 +o . 2 3- 1 - 64 
0.0 22-1 1- 63 +o. 2 9- J-64 
0 . 0 2 9 -11 - 63 +o . 2 20- 1- 64 
0 . 0 2-12-63 0 .0 12 - 5-64 
0.0 6 -1 2 - 63 +o. 2 30 -11- 64 

+0.2 10-12-63 
Average +o . l+O . 16''' 

C. STD-1348 (Date prepared: 13-3 - 1964) 

,s34oloo Date Analyzed oS34oloo Date Analyzed 

+o . 2 27 - 4-64 +o . 8 - 5- 64 
+o. 2 30- 4-64 +o . 2 6 - 5 - 64 
+o . 2 4 - 5 - 64 +O. 4 10- 8 - 64 

0 . 0 6 - 5- 6 4 
Average +o. 2+ 0 ' 11''' 

D. STD-1357 (Date prepared: 14- 3-1964) 

cS34o/oo Date Analyzed oS34oloo Date Analyzed 

0. 0 24- 4-64 + o 7- 5 - 64 
+o . 6 27- 4-64 0. 0 22- 5 - 64 
+O . 2 28- 4- 64 +o. 2 11- 8-64 
+ o. 2 I - 5-64 +o . 4 20-11-64 
+o . 2 5- 5-64 

Average +o. 2+0. Is''' 

E. STD-1536 (Date prepared: IJ-6 - 1964) 

i;S34o;oo Date Anal yzed i; s34oloo Date Analyzed 

0 . 0 l 9- 6 - 64 0 0 2- 7-64 
0.0 26 - 6 - 6 4 0 .0 3- 7-64 
0.0 29- 6-64 0. 0 13-10-64 

Average 0 . o+o. 0':C: 

Grand Average 0 . o+o. 22'' 

~~: Standard deviation. 



Specimen 
No. 

SDC-
60 -442F 

62 -400 0 

60 -1 367 

60 - I 365A 

59-806 

5 9- I 2 3 

62-40 I 9A(a) 

62-4019B(b) 

62-4018 

5 9- 93 3 

59-2 31 V2 

59-2 17C 

59- 984A 

59- 952) 
59-955) 
59-959) 
59- 963) 
59- 964) 
59- 966) 
59-967) 
59- 969) 
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Table 2. Sulphur isotope data from the feeder dyk e of the Muskox intrusion 

Location 
No. in Mineral 1 

Fi 

cp 

po 

4 cp 

po-cp 

8 cp - po 

cp -po 

I 0 po 

I 0 po 

12 po 

13 cb 

16 cb - cp 

17 cp -po 

19 cp -po 

15 po-cb - cp 

Average 

,s34o,oo 

+ b.4 

+10.4 

+ 10.9 

+ 14. 4 

+ 8.9 

+ 9.8 

+ 11. I 

+ 10.0 

tl2.2 

t 9.6 

+ 9 . 6 

+ 8.0 

+10 . 7 

+ 9 . 6 

+ I 0. I 

Description 

Fine- to medium-grained (< 1 - 2 mm) dissemi­
nations in bronzite gabbro, near centr<· of dyke 
(ea. 200 feet from both walls) . cp - cb2 

Massive aggregates in chilled bronzite gabbro. 
po-cp-sg. 

Fine- to n1ediurn- grained (< 1-2 mm) dissemi ­
nations in chilled bronzite gabbro, within 50 
feet frorn east contact . cp- cb . 

Fine - to medium- grained (mostly< I mm) 
dissen1inations in chilled bronzite gabbro . -± 
feet east of west contact. Satnple was collected 
from a single grain (4 m1n across) by hand 
picking. po- cp. 

Fine- to medium-grained(< 3 mm) disse1ni­

nations in chillPd bronzitt> gabhro at western 
edge . cp-po - cb . 

Fine- grained (< 0. 5 1n1n) dissen1inations in pic­
rite, near centre of dyke (ea. 300 feet from 
both walls). cp - po . 

Fine- to mediun1 - grained (< 1-3 m1n) dissen1i­

naUons in bronz;itc gabbro . po-cp-sg. 

Fine- to medium-grained (< 1-3 m1n) d i ssen1i­

nation.s in bronz;ite gabbro. po- sg-cp. 

Medium- to coarse-grained (2 - 5 mm) dissen1i­

nations in bronzit.c gabbro. po ~ cb-sg-cp. 

Fine- to n1ediun1-grained (< 2 mm) dissemi­
nations in bronzitc gabbro. 

Single grain (5 mm across) in bronzite gabbro. 
cb-cp-sg-po. 

Fine-grained (<I mm) disseminations in pic­
rite . ea. 200 feet f rom west contact. cp -po. 

Fine - grained (< 1 mm) disseminations in bronz­
it e gabbr o. po- cp . 

Very fine-grained (<0.3 mm, mostly 0.005-0.1 
min) disseminations in bronzite gabbro and 
picrite 59-952, 59 - 955 and 59 - 963 are bronz-
ite gabb ro, while the r emainder are picrite. 
Sulphides were ext ract e d from a 10-pound 
composite rock sample, using a flotation cell 
and gravimetric techniques, 

Main sulphide s in analyzed specimen. Minerals ci t e d form more than 80 per cent of total sulphides in 
each specimen. Symbols in all tables: po, pyrrholile; cp, chalcopyrite; cb, cubanite; sg, siegenite; 
pn, p entlandite; py, pyrite: me, rnarcasile; sl, sphaler ite; gn, galena; vl, valleriite. 

2 Minerals identified in a polished section made from a c hip of the same hand speciinen are given in order 
of predominance (J. A . Chamberlain, private communication) . 



SDC­
N-0203 

N -020 6 

59-! 766B 

59-1752B 

60 - 553B 

6 0 -1 SSA 

60 - 609A 

59-1 826 

60 -225C 

59-1 814D 

N -0 671 

N -0752 

60-1108A 

60 - 602B 

60 -1223) 
60 - 1224) 
60 -1225) 
60 -123 6) 
60 -12 37) 
60 -1245 ) 
60 -1247 ) 

N -10 64 

60 -12 20 

60 -7 56 

60- 361 

60-48 

60-255A 

6 0 -11 38 

60 - 252B 

D DH-1 8618 
- 363 . 5 

60-2 5 1B 

60 - 2 SOB (b ) 
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Tabl ~ 3. Sulphur isotope data from the layered series of the Muskux intrusion 

L o c ation 
No. in 
Fi 3 

81 

81 

93 

91 

99 

I 01 

83 

90 

80 

92 

81 

8 1 

65 

79 

66 

81 

72 

10 6 

11 2 

111 

64 

6 8 

69 

71 

73 

7 4 

Min e ral 

PY 

cp 

PY 

PY 

PY 

PY 

PY 

PY 

po 

po 

po 

po 

PY 

po 

po 

p o 

po 

po- cp 

cp 

po 

p o 

c p 

cp- cb 

p o 

cb 

cb 

+ 4. 2 

+ 4. 0 

+ 6.0 

+ 7. 

+ 4. 9 

+ 2.9 

+ 3. 

+ 7.8 

+10 2 

+ 6 .0 

+ 3.8 

+ 2.9 

+ 5. 8 

+ 8.7 

+ 4 . 7 

+ 4 . 2 

+10. 4 

+ 4. 2 

+ 3. 6 

+ 5 . 

+ . 8 

+ 6 . 0 

+ 5 . 8 

+ 5 . I 

+ 6 . 0 

+ 6 . 4 

Description 2 

Quar t z-rich matrix in roof contact br e ccia z on e . 
Ve inlet (2 - 3 mm thick) along minut e frac tur e . 
py- cp. 

Quar t z- rich matrix in roof conta ct bre ccia zone. 
Irr e gular - shaped dissemination ( 3-5 mm 
across) or 1ninute vein . cp -py. 

Granophyre of Upper Border Z one . 

Same as above . 

Saine a s above, py - cp. 

Sa m e as above . 

Granophyric gabbro of Upper Border Zone, 
cp-py. 

Granophyre - b e ar ing gabbro (layer No. 353), 
py- cp. 

Picritic websterite (layer No. 34), po-cp. 

Gabbro (layer No. 33) . 

Gabbro (layer No . 33), po - cp. 

Picr itic webst e rit e (layer No . 32), po-cp. 

Picritic websterite (layer No. 32), py. 

Pic ritic webster ite (layer No . 32). 

Feldspathi c w e bst e rite (laye r No . 31) and 
gabbro (laye r No. 30). Sulphides w e re extracted 
frotn compos it e a tota l of 15- pound rock sampl e, 
u s ing a flotat ion cell and as gravimetric and 
magne tic techniques . 

Gabbro (laye r No . 30), po-cb. 

Gabbro (laye r No . 30). 

Gabbro (layer No. 30), po - cb - cp-sg. 

Orthopyroxe nite (laye r No . 29), cp-po. 

Orthopyr o xe nite (layer N o. 29), cp-cb - sg. 

F e ld s pathic pe ridotit e (laye r No. 28). 

F e lds pat hic pe ridot i te and chromiti te (l a y e r No . 
28). Fin e - t o m e dium-graine d (< 4 m m) diss­
emi nati on s , c p . 

F e l ds pathic pe ridoti te an d c hr orn i t i te (lay e r No . 
2 8) . Fine - g raine d (< l mm) dis se minations and 
s p o r ad i ca ll y dis t ribut in g specks (5 -10 mm), 
cp-cb - po . 

Fe lds pathi c pe ridotite an d c h r omit ite (laye r N o. 
2 8). Me dium- g r a ine d (2 -4 m m) di s s emination. 

Fe l ds pathic p e ridotite and c hr omitit e (laye r No . 
28) . F ine - to mediu m - g r ained(< 3 mm) di ss ­
emi nat i ons, c p- cb. 

Feld spathic pe ridoti te a n d c hr orn i t it e (layer No. 
28) . F ine - to coarse - grai ned (< 7 mm) diss­
e m i nat i on s, cp - cb ·-



Spe1imen Location 
No. No. in M ineral 

Fi 

60 - 249A 75 po 

60 - 248D 7 6 po - cb 

6 2 - 4051 78 cb-po 

N-1222 81 po 

E - 1288 85 po 

E - 1423 85 cp - po 

60 - 239 67 po 

N - 15 6 2 81 po 

N -1 655 81 po 

N - 1 779 81 pn 

E - 1871 85 po 

N - 2325 81 po 

E-2181 85 po 

E - 2441 85 po 

N - 3116 81 po - pn 

N - 3366 81 po- pn 

60 - 68 12 6 po 

60 - 62 127 po 

6 0 - !08B 62 po 

60 - 737 52 po 

3- 2259 63 po 

59- 1242 132 po- pn 

59-1 072) 
59- 1075) 2 6 po-pn 

59- I 076 ) 
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Tabl e 3 . (cont'd.) 

lis34i;,, 

+ 6 . 7 

+ 6.9 

+ 7. 3 

+ 4.9 

+ 6.0 

+ 5.3 

+ I .I 

+ 3. 

+ 4 . 2 

+ 4 . 0 

+ 5.3 

+ 3. 

+ 6 . 0 

+ .6 

+ 4 . 2 

+ 4.0 

+ 4 . 

+ 4. 

+ 4 . 

+ 8.2 

+ 6 . 4 

+ 6 . 0 

+ 4.4 

Description 2 

Fe ldspath i c peridotite and chromitite (layer No . 
28). Sporadically distributed specks (2 - 5 mm). 

Feldspathi c pe ridotit e and chrom it i te (layer No . 
28) . Sporadically distributed specks (up to 
10 mm), po-cb - cp- sg. 

F e ldspathic per idotite and chromitite (layer No . 
28) . Med ium- gra ined (2 - 5 mm) d i sseminations, 
cb- po-cp-sg. 

Feldspathi c per idotit e and chromitite (layer No. 
28) . Medium- gra ined (2-4 mm) dissemination , 
po-cb - pn . 

Feldspathic per idot i te and chromitite (laye r No . 
28) . F ine - to med ium- gra i ned (< 5 mm) di ss ­
emination, po - cb - pn . 

Websterite (layer No . 23), cb - pn . 

Fe ldspathic pe ridotite (l aye r No . 22), po - cp- pn ­
sg. 

Per idotite (l ayer No . 22), po - pn - cb . 

Serpent in i ze d dun ite (layer No . 21). 

Serpentinized dun i te (layer No . 21), pn. 

Per idotite (laye r No. 18), po - pn . 

Serpentin i zed d un ite (layer No. 14), po - cp-pn. 

Dunite (layer No . 12), po - pn - cb- v l. 

Dunite (layer No . 12) , po- pn - vl. 

Serpentinized dun i te (layer No. 12), pn - po - v l. 

Feldspathi c pe r idot i te (laye r No . I 0), pn - p o - cp­
vl. 

F eldspathic per idotite (layer No . 10) , po-cb - sg . 

F e ldspathi c per idotite (l ayer No . 10) , po - c p- cb. 

Fe ldspathi c per idotite (layer No . 10), po - cp - cb ­
pn - sg . 

Serpentinized dunite (layer N o . 7), po - cb - pn ­
sg. 

Olivine clinopyr oxenite (layer No . 4) . 

Oli v ine clinopyroxenite (l ayer N o. 2) . 

Weakl y serpent i nized dunite (layer No . I ) . 
Sul phides were extracted from a composite of 
6 - pound rock sampl e, us ing a flotation ce ll and 
gravimetric and magnetic techn i ques . 

1 Samples of N - E - and S - series a r e from the North, East and South drillholes , respective l y. Accom­
pani ed figures r e pr esent footage of specimen in e ach hole (F ind l ay and Smith, I 964). 

2 Sulphides occur as fine - grained(< I mm) and sparse ly disseminated grains, unless otherwise ind i cated. 

3 The l ayers in the intrusion are numbered for reference purpose from the base to the top of the laye red 
series (1-35). The sequence and petrographic character of layers are gi ven by Findlay and Smi th 

(1964) . 
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Table 4. Distribution of sulphur isotope data in various sulphide 
zones of the layered series of the Muskox intrusion . 

Zone defined by Approximate 
ris34%oz 

Sulphur content 
su lphid e mineral 

I 
stratigraphic expressed as 

relative 9(0

3 assernblage hori z on 

Fe Upper Border Zone + 4. 6 8 1. 7 

Layers 31-35, 
Cu-Fe including lowe r +6 . z 9.4 

portion of Upper 
Border Zone 

N i-Fe - Cu Layers 8-30 + 5. 0 8.5 

Ni-Fe Layers 1-7 +6 .3 0 . 4 

Weighted ave rage of 6S 34 in the whol e layered 

series: +4 . 89(0 

Corresponds to metal-sulphide facies in Table I by 
Chamberlain (1 967) . 

2 Means of the data observed in the corresponding 
stratigraphic horizons . 

3 Calculated from the data given in Tab l es I and II by 
Chamberlain (1967) . 



spe cim e n 
No. 

SDC-
59-10 91 

60 -10 83C 

60-692 

62 - 3086A 

59-103 8H 

62 -40 32 

59-1452 

5 9 -1 500 

60-41 

5 9-1 51 4 

60 - 720 

62-4007D 

59-1859 

60 -748 

60 -7 51 

60-755 

S-3152 
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Table 5. Sulphur isotop e data f r om the inn er part of t h e marginal 
zone o f the Muskox intrusion l. 

Locat i on 
No. in 
Fi 3 

28 

70 

89 

94 

15 3 

152 

135 

130 

128 

121 

11 9 

120 

11 3 

110 

10 9 

107 

63 

Mineral 

po 

po-cp 

po 

po-cp 

cp 

po-cb 

po 

po 

po 

c p-pn 

po 

po -py 

po 

po 

po 

po 

po 

Average 

Description2 

Easte rn margin 

+5 . 

+3 . 3 

+7 . 

+3 . 3 

Pe ridotite, po- cp- sg . 

Feldspathic p e ridolil e, po- cp - cb. 

Feldspathic pcr idotit c . So me grains of sul­
phid es exceed 2 mm ac ro ss , po-cp- sg . 

Pie rite, cp- po. 

Weste rn 1nargin 

+3 . 

+6 .7 

+6 .4 

+6 . 4 

+7 . I 

+3 . 6 

+ 5 . 

+5 . 8 

+3 . 6 

+3 . 

+6 . 0 

+ 3 . 6 

+6 . 0 

+5 . 0 

Olivine bronzite gabb ro, cp -po . 

Olivine br onzite gabbro, po- cb - cp - sg. 

Bronzite gabbro, po- cb-sg. 

Pie rite. Sulphides occu r as inter granular 
minut e stringers (width< 0. 5 min, l engt h 
< 2 - 3 mm) among silicate grains, po- c p- cb- sg . 

Feldspathic p e ridot it e . Sulphides occur a s 
int e r g ranular 1ninute stringers (width< 0 . 5 1n 1n, 

len g th< I mm) amon g silicate grains. 

F elds pathic peridotite, cp-pn-po. 

F e ldspathic peridotil e , po-pn - cp - sg . 

Feldspathi c per id ot i le, po- cb - c p and sec ond ary 
py and me afte r po. 

Feldspathic p e ridolit e , po-pn. 

Picrit e, po- c p. 

F e ldspathi c per id otite. Sarne grains o f sul­
phides exceed 1-2 n-1m acros s, po- sg - pn. 

F e ld s pathic pe r idotitc, p o- sg - cb . 

Per idotit e , po-pn. 

The inn e r part of the marginal zone is arbitra rily defined as the portion over 
200 fe e t from the country rock contact for sulphides obta ined l e ss than 200 feet 
from th e countr y rock contacJ:, see Table 6 . 

2 Sulphides occur as fine- gra ined(< 0. 5 - 1 mm) disseminations, unless oth e rwise 
indicate d. 



Specimen 
No . 

SDC-
59- 1045B(b) 

58 - 15804A 

59 - 1087C 

59-1146B 

59 - 1288A 

58- l 5808A 

6 2- 40 54(a) 

62 - 4055 

62 - 40 1 IA(b) 

62 - 401 IB(a) 

62 - 4012(b) 

6 0-100 6 

62 - 4025 

62 - 4014 

62 - 4050 

62-4050A 

59 -J0 68A 

62 -40 3J(a) 

62 -403 3(a) 
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Table 6 . Sulphur data from the outer part of the marginal 
zone of the Muskox intrusionl. 

Location 
No. in 
Fi . 3 

23 

25 

27 

29 

37 

40 

41 

45 

47 

47 

48 

50 

53 

60 

87 

87 

154 

I 5 I 

150 

Mineral 

cp 

cp 

cb - po 

po- cb 

po 

po(cp) 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

Descript i on 

Easte rn margin 

+ 7.8 

+ 6.4 

+ 7 . 6 

+ 8 .2 

+10.0 

+ 9 . 6 

+ 11. 3 

+ 14 . 2 

+I 3. 3 

+ 12 . 9 

+ 15. 8 

+I 4. 7 

+ 15. 62 

+ 1 6 . 92 

+ 14. 1 2 

+ 10.9 

Fine- to med ium- grained (< 5 mm) dissemina ­

tions and massive aggregates in picrite, near 
feeder dyke, po - cb - cp- gn. 

See 58-15804- 480 of Tab l e 10 . 

Fine - to med ium- grained (< 5 mm) dis semina ­
t ion s in bronzite gabbro, 10 fee t from contact . 

Massive aggregates in Pronzite gabbro . 
Pyrrhotite crystals have edges exceeding 2 cm. 
po- cb- sg and secondary me after po. 

Coarse - grained (5 - 10 mm) disseminat i ons in 

pie rite . 

Average of t hree values from 58-15808-415 to 
58- I 5808 - 46 0 in Table 1 I. 

Massive aggregates alcing bas.:..l contact of 
intrusion . Big pyrrhotite crystals (up to 7 cm 
along edge) are ve ined by chal copyr ite, po - c p­
sg- cb . 

Massive aggregate s and i rregular veins in 
bronz ite gabbro. Pyrrhotite crystals h ave edges 
up to 3 cm, po- cb- sg- cp . 

Medium- to coarse-grained (2-10 mm) dissemi ­
nations t o mass ive aggregates in bronzi te 
gabbro, po- cp. 

Fine - to coarse - grained(< 1- 7 mm) dissemi.­
nations in bronzite gabbro, cp-po . 

Medium- to coarse- g ... ained (2 - 10 mm) dissemi ­
nations to irregular veinlike rr1'.l.sses in bronzite 
gabbro, po - sg-cp. 

Medium- to coarse-grained{< 10 mm) dissemi ­
nations in bronzite gabbro, po-cp-cb - sg. 

Fine- to medium- grained (< 5 mm) dissemina­
tions i n bronzite gab bro, ea. 20 feet from 
contact, po - cb-cp. 

Fine- to med ium-grained (< 5 mm) d i ssemina ­
tions i n bronzite gabbro , po - cp- sg . 

Massive aggregates a l ong basal contact of intru­

sion, po - cp - sg. 

Fine - to medium- grained (< 1-2 mm) d i ssemina ­
tions in picrite, po - sg-cb - cp. 

Western margin 

+ 6.4 

+ 5.8 

+ 6.7 

Fine- to medium-grained(< 5 mm) dissemina ­
tions in bronzite gabbro, po-cb - pn. 

Fine- to medium-grained (< 3 mm) dissemina­

tions in bronzite gabbro, po-cb-cp and s econdary 
me after po . 

Massive aggregates along basal contact of 
intrusion . Pyrrhotite crystals have e dges up to 
8 cm, po- cp - sl-gn and secondary py and me 
after po. 



Specime n 
No . 

SDC -
62 - 4037A 

62-4037B(b) 

62 - 4047(a ) 

59- 1522 

60-5 

6 2-4007B 

62 - 400 6B 

60-753 

62 - 3089A 

62-4020 

60-712 

60 - 165 

63-SH- A 

Location 
No . in 
Fi 3 

148 

148 

141 

13 1 

129 

120 

117 

10 8 

105 

104 

103 

102 

63 

Minera l 

po 

po 

po 

po 

po 

po-cb 

cb -po 

po 

po-cp 

po 

po 

po 

po(cp) 

- 52 -

Table 6 . (cont' d . ) 

+ 7.7 2 

+ 7. 3 

+ 7 . l 

+ 11. 3 

+ 8 . 9 

+ 3 . 3 

+ 6 . 9 

+ 4. 0 

+ 3 . I 

+ 3 . 8 

+ 8 . 2 

+ 6 . 0 

+ 7. 7 

D e scription 

Massive aggr egate s along b asa l contact of 
intrusion , po-cp-cb - sg . 

Fin e - to coarse-grained (< 1 0 m 1n) diss emina ­
tion s in bronzite gabbro, po-cp. 

Massive aggregat e s along basal contact of 
intru sion . P y r r h otit e crystal s have e d ges 
exceeding 2 cm, po- c p and secondary py after 
po. 

Fin e - to medium-grained(< 3 m ni.) di ssemina ­
t ion s i n bronzite gabbro , po- cb- cp. 

Fine- to mediu m - g rained(< 3 mm) di ssemina ­
tion s in pi c rite, po- c p. 

Fine-grained (< l 1nrn) di sseminations in bron z ­
it e gabbro, po- cb - sg-pn- cp . 

Fine- to medium-grained (< 5 mm) diss en1 ina­
tion s in picrite, ea. 30 f ee t from contact, cb­
po- cp . 

Fine- t o medium- g raine d (< 2 mm) dissemina­

tions in o liv i ne bronzite gabbro, po- cb-cp. 

Fin e - to medium - grained (< 5 m m) di sse1n ina­
tion s in picrite . Within 2 feet from contact, 
p o - cp -pn-sg . 

Fine - to medium- g raine d (< 3 mm) di ssemina­
tions in bronzite gabbro, po - c p. 

Fine - to m e diun1 - g raine d (< 2 mm) dis semina­
tion s in feld spathic peridotite, ea. 2 feet from 
contact . 

Fine- to medium- gra ined (< 2 mm) diss e mina­
tion s in bron zite gabbro, po - cp and secondary 
m e after po. 

Average of e l even va lues fro m S - 3433 to 
S- 3674 in Table 8 . 

The oute r part of the marginal zon e i s arbitrarily defin e d as the portion 
l ess than 200 feet from country rock contact . For su lphides from the 
inn e r part of marginal zon e , s ee Table 5. 

2 Mean of two measurements for magnetically diffe r ent pyrrhotites . See 
Table 1 9 . 



Specin1en 
No . 

SD C -
6 2- 40 30A 

62 - 4030B 

58- 15804B 

62 - 4042 

62 - 4043(a) 

62 - 4045 

b2 - 4046 

59-1283 

58-l5808B 

62 - 4049 

62-4052(a) 

62 - 4053 

60 - 40A 

62 - 4026(a) 

62 - 4027A(c) 

62 - 4027B 

62 - 4024 

62-4023 

62 - 4028(b) 

- 5 3 -

T abl e 7 . Sulph ur i sotope d a t a fro m s ulphides in country rocks adjacent 

to the basal 1nargin of the Muskox intrusion 1 

Locati o n 
No i n 
F i 

24 

2-+ 

25 

30 

31 

32 

36 

39 

40 

42 

43 

44 

49 

54 

55 

55 

56 

57 

58 

Mine r a l 

p o 

po 

po 

po 

po 

po 

po 

sl 

PY 

po 

po 

po 

cp 

po 

cp 

po 

po 

po 

po 

Descript i on 

Eastern contact 

+ 4 . 7 

r 7. l 

r 5 . 2 

+ 8. 7 

+ 7. I 

r 8 9 

+ 9.( 

+ 11. l 

+ 18. 2 

r I 6. 2 

r 12 . 2 

r I 2. 7 

+ 3.6 

+ 12 . 9 

+ 5 . 6 

r l3.6 

+ l l . 6 

+ 11 . 02 

+ 12. 9 

Fine - to med iu m - grained (< 3 mm) di ssemina ­
t ions o r thin layers (1 - Z n"ln"l thi ck) i n qu a r tz­
b iotitc - plagioc lase gneiss . ea . 15 feet from 
intrus i on contact, po - cp . 

Medium- to coarse-grained (3 - 10 mm) dissemi­
nations to mass iv e aggregates in quartz-biol i te ­
plagioclase gne i ss, po- cp -.sg . 

Average of five va l ues from 58 - 15804- 680 t o 
58-15804 - 750 in Table 10. 

Medium- to coarse-grained (2 - 7 mn"l) d i ssemi­
nat i ons in quartz-biotite-p lagioclase g n e i ss , 
po - cp- sg. 

Fine - to medium- grained (< 1-5 mn1) disse1nina­
tions to massive aggregates in quartz-biotite ­
plagioclase gneiss, po- cp - cb. 

Massive aggregates in quartz-biotite - plagioclas e 
gneiss, po-cb-sg-cp . 

Massive aggregates in quartz-biotite - plagioclase 
gneiss, po- cb - sg- cp and secondary me after po. 

Sphalerite - calcite v~ins (up to 3 cm in width) in 

paragneiss, sl - rnc. 

Average of thr ee values from 58-15808-525 to 
58 - 15808- 555(b) in Table 11 . 

Fine - lo coarse - grained(< 10 m1n) dissemina­
tions in paragn('iss, po - cb-sg and secondary me 

after po. 

Medium- to coarse-grained(< 3-15 mm) dissem ­
inat ions to 1nassive aggregates in paragneiss, 
cb-po-cp-sg. 

Fine- to 1ned ium- grained (< 1-4 mtn) dissemina­

tions in paragneiss, po-cp - sg - cb. 

Fine-grained(< J 1n1n) dissen1inations in para­
gneiss . Distribution is parallel to schistosity 
plane of host rock. 

Massive aggregates in biotite quartzite. Pyrrho­
tite crystals have edges up to 5 cm, po - cp- cb­
sg and secondary me after po . 

Fine - to medium-grained (< 3 mm) dissemina­
tions or thin layers ( l -2 mm thick) along fissil ­
ity plane of biotite quartzite, 10-20 feet fron"l 
intrusion contact, cp - cb. 

Coarse-grained (up to 15 mm) disseminations to 
n"lassive aggregates in quartzite, po-cb-cp . 

Irregular veinlike masses (up to l cm in \vidth) 
in biotite quartzite, po-cp- sg . 

:tv1edium- to coarse-grained (3 - 10 mm) disserni­
nations to massive aggregates in biotite quartz ­
ite, po - cb - cp- sg and secondary me afte r po . 

Mass i ve aggregates in biot i te q u a r tz i te, po - sg· 
cb - cp . 



Specimen 
No . 

SDC -
62-40 29A(a) 

62 -4029B(c) 

62 -4013 

62 -4034(a) 

62 -40 35 

62 - 4036A(a) 

62 - 4036B 

62 -4038A 

62 - 4038B(a) 

62 - 4039 

62 - 4040 

62 - 4041 

62 - 4044(a) 

62 - 4048(a) 

59- 1332B 

59-143 3B(a) 

62 -405 6 

62 -4057(a) 

62-4058 

b2-4059(a) 

Location 
No. in 
Fi 

59 

59 

61 

150 

149 

149 

149 

147 

147 

146 

145 

14-t 

143 

140 

139 

138 

137 

136 

134 

133 

Mine ral 

po 

cb 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

po 

cp 

po 

po 

po 

po 

- ')-l -

1ab l e 7. (cont'd . ) 

+12.0 

+ 13. 8 

+ 16.0 

Description 

Massive aggregates in biotit e quartzite, po- cp ­
cb- sg . 

lr regu lar veins (up to l cm in width) in biotite 
quartzite, cp-cb-po. 

Medium - to coarse-grained (2- l 0 mm) dissemi ­
nations in biotite quartzite, po - sg - cp . 

Western contact 

+ 7 . 

+ 7. 

+ 9. 3 

+ 7 . 6 

+ 7. 3 

+ 7 . 6 

+ 10.2 

+ 7. 8
2 

+ 7.8 

+ 6 . 0 

+ 7.6 

+ 5.8 

+ 6. 3 2 

+ 6 . 7 

+ 6.9 

+12.4 

Massive aggregates in paragneiss, po - cp - sg . 

Fine - to rnediuni.-grained (< 5 mm) dissemina ­
tions in gran itic gneiss, ea. 20 feet from i ntru­
sion contact, po-cp- sg. 

Fine - to 1nediurn-grained (< 4 mm) dissemina ­
tions in quartz- biotilc - plagioclase gneiss, po ­

cp- sg . 

Coarse - grained (up to 15 mm) disseminations 
in granitic gneiss , po-cp- sg . 

Coarse - grained (up to I 0 mm) disscn1inations 
in granitic gne i ss, po-cp-sg. 

Medium- to coarse - grained (3 - 15 1nm) dissemi ­
nations in granitic gneiss, 5-10 feet frotn intru ­
sion contact, po-cp- sg . 

Fine- to mediu1n-grained (< 5 mm) dis se1n ina­
tions in quartz - biotit e-plagioclas e gneiss. po­
cb-sg . 

Mediu1n-gra ined (2-3 mm) disseminations in 

quartz-biotite -plagioclase gneiss, po-cp. 

Medium- to coarse-grained (5 - 15 mn1) dissemi ­
nations to 1nassive aggregates in quartz-biotite ­
plagioclase gneiss. Within 10 feet from intru ­
sion contact, po-cb - cp -sg. 

Massive aggregates in granitic gneiss, po-cb­
cp- sg and secondary me after po. 

Fine - to coarse - grained (<l-15 mm) dissemina­
tions in granitic gneiss, po-cp - sg and secondary 
me aft e r po. 

Massive aggregates in granitic gneiss , po-cp ­
sg and secondary me after po . 

Fine- to medium- grained (< 1- 5 mm) dis semina­
tions to massive aggregates in paragneiss, sl­
gn-cp. 

Massive aggregates in paragneiss, po- eh- sg- cp 
and secondary me after po. 

Coarse-grained (up to 15 mm) dissen1 i nations in 

granitic gne iss, po-cp and secondary me after 
po. 

Medium - ~" coarse-grained (2 - 7 mm) dissemin­
ations in paragneiss, po-cp and secondary me 
after po. 

Massive aggregates in granitic gneiss, po- sl ­
cp and secondary me after po. 



Specini.en 

N o. 

SDC -
5 9- l 479 

59-1 543 

62- 4 00 9 

62 - 40 08A(a) 

62 - 40 0 8B 

62 - 4007A 

62 - 4007C 

62 - 40 10 

62 - 4006A(a) 

62 - 4005 

62 - -1004A 

62 - -1004B (a) 

62 - -!004C 

62 - 4004D 

62 - 4003A 

62 - 4003B 

62-4002A 

62 - 4002B 

62-4002C 

62 - 4002D(a) 

63 - SH-B 

Locat i on 

No . in M ine r al 

F i 

l25 po-cb 

12 4 gn 

123 po 

122 po 

12 2 po 

120 po 

l20 po 

l I 8 po 

l l 7 po 

l l 6 po 

116 po 

116 po 

116 po 

116 po 

l 16 po 

l l 6 cp 

115 po-me 

l l 5 po 

11 5 po 

11 5 po 

63 po(cp, py) 

- 5 5 -

Tab l e 7. (c on t'd . ) 

eS 3 -l ~o Descr i p t ion 

+ 7 . 8 F ine-g r a i ned (< I 1nn1) disseminations in qual'tz ­
biotitc - p l ag i oc l as1..· gnC'iss, po - cb - cp- sg . 

+ .+ . 0 Mass i ve aggn•gatC's in qua r tz-biotitc­
plag ioclase gneiss, gn . 

+ 6 . 2 F i ne - to rncdiu1T1 - grainPd (< 3 n-1n1) d i ssP111ina­

t i ons in paragnL' i ss , po - cp - cb - sg. 

+ 5 . 8 Coarse - grained (up to 15 111111) diss0n-1inations 

i n paragneiss, po-cp- sg and secondary 1nc 

after po . 

+ 4 . 0 

f -1. 4 

+ 5 . 8 

\ 8 . 7 

f 7.8 

+ 7 

\ 8 . -1 

\ 7 . 6 

- 0 . -1 

+ 7. 3 

+ -1. 0 

+ 8. 7 

f 8.0 

f 7 . 8 

+ 7 . 

+ 6.4 

+ 5 . 4 

CoarsC' - g r ainl•d (up to LO 1nn-1) d i ssC'111inalions 

in paragnciss, po-cp . 

Massive aggrrgatl's in paragneiss, po-sg - cb­

cp . 

Coarse - grained (S-10 mrn) disserninations in 

pa1·agnciss , po - cb-cp-sg . 

Mediu1T1 - l o coarsC'-grained (3 - 10 rnn1) dissemi ­

nations in parag1wiss . 

MassivC' aggrPgalC>s in paragnciss, po- sg- cp . 

Fine- lo n1ediun1-grained (< 3 r111nl dissl~n1ina ­

lions in paragneiss , po-cp and secondary n1c 
after po. 

.iviassivC' aggn·galc·s in paragnciss, po - cp-sg 
and secondary py and 1nc after po . 

Fine - to n1ediu1n-grained (< 3 mm) diss('tnina­

tions to massive> aggrC'gat('s in paragneiss , po­
sg - cp. 

Finc - grainc·d (<I 1nn1) disserninations in para­
gneiss. Distribution is parallel to schislosity 

plane of host ro ck , po- cp- sg . 

h.1assive aggrC'gatC's in paragneiss. Pyr r holite 

crystals have edges exceeding Z cni., po-cp- sg. 

Fine- to 1nedium - grainC'd (<5 111111) di sse mina­
tions in paragneiss . Distribution is roughly 
parallel to schisto s ity plane of host rock, pe­

ep and scconda ry n1c after po. 

Medium-grained (3- 5 ni.n1) diss e n1inations in 

granitic gneiss , cp-po 

Fine- to 1ne dium- grained (< 2 1nm) dis semina­

tions i n granitic gneiss, po-cp and secondary 
me after po. 

Fine- to mediu1n-grained (< 2 rn1n) dissen1ina­

tions in granitic gneiss, po - cp . 

Fine - to n1ediun1-graine<l (< Z mn1) diss em ina­
tions in granitic gn<•iss , po-cp-cb-sg. 

Medium-grainC'd (2-4 n1n1) dissen1inations and 

massive aggregates in quartzite, po- cp- sg- cb. 

Average of thirty one values, ranging fro1n 
-3. 8 to +29. Bo.;, , taken from S-3675. 5 to 
S- 3 980 in Table 8 . Calculation was weighted 
according to sulphide content in rock specimens 
Se,, Table 9. 

1 Except for drill - cores (58-l 5804B and 63 - SH-B), samples were obtained 
w ith i n l ess than 50 feet , normally 10-ZO feet, from the intrusion contact . 

2 Mean of two measurements for magnetically different pyrrhotites . See Tabl e 19. 



Spe2ini.en 
No . 

SDC­
S- 31 52 

S- 3433 

S- 3571 

S-36 4 3 

S - 3646 

S- 3653 

S - 3659 

S- 3665 

S- 3668 

S- 3669 

S- 3671 . 5 

S- 3674 

Table 8 . 

Minera l 

po 

po 

po 

po- cp 

po 

po 

po 

po 

po 

po - cp 

cp - po 

po 

- 56 -

Sulphur i sotope data across th e basal contact of the 
Muskox in trusion in the South d rillhole. 

1 

+ 6. 0 

+ 7 . 

+ 8 . 9 

+ 7 . 8 

+ 8. 9 

+ 7 . 6 

+ 7 . 6 

+ . 6 

+ 

+ 8 . 9 

+ 7 . 3 

+ 7 . 6 

Descript i on 

See Tab l e 5 . 

Fine - to 1nedi um-grained (< 3 mm) disseminations i n o livine 
bronz ite gab bro, po- cp - cb . 

Fine - to coarse - gra ined(< 6 mni.) d i sseminations in pie rite, 
po-pn. 

Fine- to medium - grained (< 2 mm) d i ssemi nations in pie rile. 

Massive band (2. 5 cm wide) in p i e rite, po-pn- cp . 

F i ne-grained(< l mni. ) disseminations i n picrite, po - pn - cb ­

cp . 

Med ium- to coarse - gra ined (< l. 5 cm) d i ss emination s in 
b r onzite gabbro, po - pn - cb - c p. Sample was taken from a 
s i ngle grain (1 - 1 . 5 cm across) . 

Fine-grained (< I mm) disseminat i ons in bronzite gabbro. 

Fine - grained (< l tnm) disseminat i ons i n bronzite gabb ro, 

po-pn-vl. 

Fine - to coarse - g r ained(< 1. 5 cm) disseminations inbronz ite 
gabbro . Sample was taken from a s in gl e grain (1. 5 cm 
across) . 

Fine - to medium- grained (< 3 mm) disseminat i ons in bronzite 
gabb ro, po- cp - pn . 

F i ne - to coarse - g r ained(< 1 cm) d i sseminations i n bronzite 
gabbro . 

------------ -- --- --- -------------Intrusion contact, 3674 . 8 feet-- -------------------------- - ------

S-3675.5 po 

S-3678 po 

S- 3678.5 po 

S-3680 po 

S-368l po 

S-3681. 5 po 

S-3682 po 

S- 3683 po 

S-3684 po 

S-3684 . 5 po 

S-3685 po 

+ 4 . 0 

+ 8 . 0 

+ 8 . 2 

+ 6.9 

+ 6 . 2 

+ 4.9 

+ 7 . 6 

+ 7. I 

- I . 6 

- 2.9 

- 3. I 

Zone I 

Fin e - grained (< 1 mm) dissen1inat i ons in paragneiss in con ­
tact breccia zone . Maucherite - po . 

Coarse - g rained (< 2 5 cn-1) d i sseminations to mass i ve aggre ­
gates i n paragneiss , po-pn-cb - cp. 

Fine - to medium-grained(< 4 mm) disseminations in para ­
gneiss . Fine - grained parts (<l mm) were coll ected and 
analyzed . 

Fine- to medium - grained(< 3 mm) disseminations in para­
gneiss . 

Fine- to medium-grained(< 4 mm) disseminations in para ­
gneiss. 

Fine- to medium- grained (< 3 mm) disseminations in para ­
gneiss . Distribution is roughly parallel to schistosity plane 
of ho st rock . 

Fine - to medium - grained (< 3 mm) disseminations in para­
gneiss. Distribution is roughly parallel to schistosity plane 
of host rock. 

Fine - to medium-grained(< 2 mm) disseminations in para­
gneiss. Distribution is roughly parallel to schistosit y plane 
of host rock. 

Zone II 

Very fine grained (mostly<0.03 mm) disseminations in 
paragnPiss. Distribution i s parallel to schistosity plane of 
host rock. 

Very fine grained (mostly <0 . 05 mm) disseminations in para­
gneiss. D i stribution is parallel to schistosity plane of host 
rock. 

Same as above. 



SDC ­

S - 3685 . 5(a) 

S - 3685 . 5(b) 

S - 3686 . 5 

S-3688 

s- 3689 . 

S-3690(a) 

S - 3690(b) 

S-3692.5 

S - 3702 . 5(a) 

S - 3702 . 5(b) 

S-3708 

S - 3719 

S-3727(a) 

S - 3727(b) 

S - 3739 . 5 

S-3754 

S - 3789 . 5 

S-3859 

S - 3914 

S-3970 

S-3980 

Mineral 

po + 6 . 0 

po + 0 . 2 

po - 3.8 

po - 3 . 8 

po + 0.8 

po-pn t 5.6 

po + l . 8 

po t 2.0 

po + 4 . 

po + 4. 4 

po t 5. 6 

po + 4.9 

po + 8.7 

po + 7. 

po + 6 .2 

po t 7.8 

cp + 9 . l 

py-cp t 9. l 

cp + 15. l 

PY t23 3 

PY +29.8 

- 5 7 -

Table 8 . (cont'd .) 

Descr iption 

Med ium- to coarse - grained (< 6 mm) disse1ninations 

embedded in very fine-grained (<0 . 1 mm) dense dissemina­

tions in paragneiss. Fine g r a in ed ones are distributed para­
llel to schistosity plane of host rock. Sample was taken 
from a single grain (4-6 mm across). See F i gure 1 3 . 

Same as above . 

part including a 

F i gure 13. 

Sample was collected from fine- grained 

few of medium- grained diss eminations. See 

Very fine grained (<0 .1 mm) disseminations in paragneiss. 
Distribution is parall e l to schi stosity pl ane of host rock . 

Same as above. 

Fine-grained (< 1 . 5 mn-1) disseminations in paragnei ss . 
Distribution is roughly paral l el to schistosity plane of host 
rock. 

Medium-grained (< 5 mm) disseminations in paragneiss, 
po-pn-cb - cp. 

Fine- grained (< 0 . 5 mm) disseminations in paragneis s. 
Distribution is parallel to schistosity plane of host rock. 

Very fine grained (mostly< 0, 3 mm) disseminations in para­
gneiss. D i stribution is parallel to schistosity plane of host 
rock, po - cb - pn - cp . 

Zone III 

Pyrrhotite -bearing quartz veinlet (2 mm w ide) in paragneiss. 

Fine - grained(< l mm) disseminations in paragneiss. 

Fine- grained (< 1 . 5 mm) disseminations in pa ragneis s with 
quartz-biotite-plagioclase gneiss bands, po - cp. 

Fine-grained (<: 0 . 5 1nm) dense disseminations in paragneiss 
with quartz -biotite-plagioclase gneiss bands. Distribution 
is parallel to schistosity plane of host rock, po - cp. 

Small (< 0. 5 mm) euhedra l crystals in minute druselike 
cavity in quartz-biotite-plagioclase gneiss with paragnei.ss 
bands. Associated with quartz. 

Fine -grain ed (< 0 . 5 mm) disseminations in host rock. 

Fine- to 1nedium-grained (< 3 mm , mostly< l mm) dissemi­
nations in quart:;,-biotitc-plagioclasc gn eiss with paragneiss 

bands , po- cp 

Fine- to mediun1-grained (< 2 mtn) disseminations in quartz­
biotitc-plagioclase gneiss with granitic bands, po - cp. 

Zone IV 

Fine- to rnedium-grained (< 2 mm) dissen1inations in quartz­

biotite-plagioclase gneiss. 

Fine- grained (< 0. 5 mm) dis serninations and thin filmy con ­
centration along schistosity plane of paragneiss. 

Fine-grained(< l 1nm) dissemination in quartz rich part of 
paragneiss. 

Fine - to medium - grained(< 3 nlm) dissemination along 
n1inute fracture in quartz-biotite-plagioclase gneiss. 

Thin filmy coating on minute fracture in quartz-biotite­
plagioclase gneiss w ith granitic bands, py- cp. 

Geographic location of hole is represented by No . 63 in Figure 3. 

2 Figures represent footage of specimen in drill-cores. 



- 58-

Table 9. Summary of sulphur isotopic composition and sulphide 
content in profile across the basal contact of intrusion 
in the Muskox South drillhole. 

Width , in feet 
Sulphide content, 

vol. (]/ 1 
/0 • 

Intrusion mar gin 
(3570' - 3675') l 05 0 . 5 

I 
Country rock 

Zone I 
(3 675 1 -3683 1

) 8 2.0 

Zone II 
(3683 1 - 3698') 1 5 l . 0 

Zone III 
(3 698' -3754 ') 56 0. 2 

Zone IV 
(3754 1 -3980 1

) 22 6 0 . 02 

Weighted average of sul phur is otopic data 3 for: 

Intrusion margin - Zone I - Zone II - Z one III: 

Intrusion margin - Zone I Zone II - Zone III - Z one IV: 

Zone I - Zone II Zone III : 

Zone I - Zone II - Zone III - Zone IV : 

Determined from the microscopic modal analysis data by 
J .A . Chamberlain . 

AS5"±%o c. 

Average 

+ 7 . 7 

+ 6.6 

+ 0 . l 

+ 6 .2 

+ l 7( ? ) 

5S 34 
= +6 . 2 ?(;0 , 

0 s 34 
= +6 6·• ' . 0 0 ' 

5S34 = + 4 . 2%i,, 

s34 - + - 4 0 I\ - '.> . /001 

2 
Arithmetical average of the data obtained in each zone (Table 8). 

3 
In calcul ation, sulphur content in each zone is approximated by 
sulphide content by volume . 



Spec imen 
No . 

SDC - 58 -
15804- 480 2 

- 5 9 -

Table 10. Sul phur isotop e data across the basal contact of t he 
M uskox intru s ion in drillhole, DDH-58-15804 1 

Mineral .Q esc ript i on 

cp + 6.4 Fine - grained {< 0 . 5 mm) di ssemin ations in br onzite gabbro . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Intrusion c on tact ( 6 7 5 feet ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

680 

690 

700 

720 

750 

Specimen 
No . 

SDC - 58-
15808 - 4 15 2 

445 

460 

po + 2 . 9 

po + 3.8 

po + 4 . 9 

po + 6 . 7 

po + 7 . 8 

Fine -grain e d {<0. 5 mm) disseminations in quartz-biotite­
p lagioclase gne i ss . 

Medium - grained(< 5 m 1n) dis seminati ons i n quartz - b i otite ­
plagi oclase gneiss with gr anitic band. 

Fine - to coarse - grained (< 2 cm) dissem inations in quartz ­
biot it e - plagio c lase gneiss. 

Fine- to medium- grained (<2 mm) d i sseminations in quartz ­
biotite - plagi oc l ase gne i ss. 

F in e - to m e dium - grained(< 3 n-1m) di sseminations in para­
gneiss with granitic bands . 

Geograph ic location of ho l e i s r epresented by No 25 in Figure 3 . 

2 F i gures represent footag e of dr ill- cores . 

Table 1 1 . Sul p h ur isotope data across th e basal contact of t h e 
M u skox intrus ion in the drillhol e, DDH-58-15808 1 

Mineral 5s3 4 ci;, Descr i pt i on 

po - cp + 8.0 

po +12 . 2 

po + 8 . 7 

Fin e - g rain ed (< 0 . 5 mm) disseminations in o livin e bronzite 

gabbro . 

Medium - grained (2 - 5 mm) disseminations i n olivien bronzite 
gabbro . 

Fine- to m e dium - grained(< 2 mm) diss emi nat i ons in o liv i ne 
bronz ite gabbro . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Intrusion con ta et ( 48 5 fee t) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

525 PY + 18 . 2 Very t h in (< 0. 2 mm) fi l my concent ration a l ong schis tosity 
pl ane of paragne iss. 

555(a) PY + 18 . 0 Same as above . 

555(b) PY + 1 8 . 4 Fine - grained (<I mm) diss emination s in paragneiss . 

Geographic l ocat ion of hol e is r epresented by No . 40 in Figur e 3 . 

2 Figures repr esent footage of drill - cores. 



Tabl e 12 

Spec imen Location 
No No. in 

Fi 3 

SDC-
N -0 112 1 8 1 

N -0 1 l8(a) 8 1 

N -O l 18(b) 81 

N-0132 81 

N -01 84 81 

- 60 -

Sulphur i sotope data from lh e roof contact zone of 
the Muskox intrusion. 

M ineral 5S3 4 'to Description 

North drillho l e 

PY + 6.2 Fine-gra i ned (< 0 . 5 mm) cubes in minute cavi -
ties in sandstone. 

PY +25 . 8 Thin filmy coating a l ong m i nute fracture in 
slate. 

PY + 11. 8 Fine - gra in ed (< 0 . 5 mm) euhed ral crysta l s 
along boundary between sandstone and s late. 

PY + 7 . 6 Fine-grained (< 0 . 5 mm) euhedral crystal s in 
minute cavities in sandston e . 

PY + 5 . 6 Same as above. 

- - -- ------------ - ------- - ---- - - - -Intrusion contact (202 . 8 feet) -- - -- --------------------------- -- -

N-0203 

N - 0206 

60 - 559 

62 -4001 

E - 0037 

62-4022 

Specimen 
No. 

SDC-
59-837A 

8 1 

8 1 

10 0 

82 

85 

86 

PY 

cp 

PY 

PY 

PY 

PY 

+ 4 . 2 

+ 4 . 0 

See Table 3 . 

See Table 3 . 

Misce llaneous locations 

!· 4 . 7 

+ 6.9 

+ 6 . 2 

+ 6 . 4 

Fine-grained (< l mm) diss eminations in sand­
stone , py- cp. 

Fine - to medium- g rained (< 1- 3 mm) diss emi na ­
tions in sandstone , py. 

F in e -grain ed (< 0 . 5 mm) diss e m i nations in 
quartzite, py-cp. 

Fine- to m e dium - grain e d (< 3 mm) dissemina­
tion s in s l ate, or euh e dral c rystals in small 
cavities, py . 

1 
Figures represent footage o f drill- cores . 

Table 13 . Sulphur isotope data from country rock adjace nt to 
th e feeder dyke of th e Muskox intrusion . 

Location 
No . in 
F i . 

11 

Mineral 

cp + 12.2 

D escr iption 

Fine - to medium-grained (< 4 mm) dissemina­
tions in granod i orite at west contact of feede r. 



'Speci men 
No. 

SDC -
62 - 3005 

62 - 4070 

60 - 1011 

60- 1152 

5 9- 713 

62 - 3023 

FD - 256-59 

6 0-591 

DA - 133 - 59 

59- 1852 

59 - 652 

- f, l -

Table 14 . Sulphu r i sotope data from country rocks, outside t 11 .., 
thermal metamorphic aureole of t h e Muskox intru sion . 

Locat i on 
No . in 
Fi . 3 

33 

35 

51 

77 

2 0 

34 

88 

98 

1 8 

114 

7 

Mineral 

PY 

PY 

PY 

PY 

Average 

cp 

PY 

PY 

PY 

Average 

PY 

PY 

Average 

Description 

Metasedimentary r ocks 

- 5 . 8 

+ 13. I 

+ 4 . 7 

+ 8. 0 

+ 5. 0 

Med ium-graine d (2-3 mm) specks in dolomitic 
sandstone . 

Minute blebs or stringers (< 0 . 5x2 mm) along 
schistosity plane of pelitic snhi st. 

F ine-grain ed(< 0 . 5 1nm) disseminations in 
peli t i c schi st . 

Minute elongated concretions (< 1-2 1nm) along 
cleavage plane of bla ck slate . 

Metavol canic rocks 

+ 2 . 2 

+ 0 . 7 

+ 7 . 8 

- 0.4 

+ 2 . 6 

Fi l my concent ration (< I mm thick) along 
schistosity plane of mafic gne i ss. 

Cube c r ystals (up to I. 5 mm along edge) in 
c hlorit e schist . 

Fine - gra i ned(< 0 . 5 m1n) dissemi natiorrs in 
meta-and es ite . 

F i ne-grained(< 0 3 mm) disseni. i nations in 
metabasalt . 

Granitic gneisses 

+ 7 . l 

+ 2 . 9 

+ 5 .0 

Fine - g r a ined (< 1 tnm) disseminati ons in gran ­
itic gneiss w it h paragneiss bands. 

Fine-grained (< l mm) disseminations in quartz ­
biotite - plagioclase gneiss. 

Granodiorite intrud e d into basement ser i es 

PY + 5 . 6 Fine - grained (<0. 5 mm) disseminations . 



Specimen 
No . 

SDC-
62-30J 8A 

60-1278 

59- 935B 

59-72 8B 

59-743 

59- 2266 

59-798C 

N -2 6782 

N-2679
2 

N-2811
2 

60-610 

59- 2173A 

- G2 -

Table 1 5. Su l phur isotope data from diabase dykes in the 
M uskox area . 

Location 
No . in 
Fi . 3 

Mineral Descript i on 1 

2 

14 

A . Dyke i n southeastern country rock. 

PY + 2.4 Fine- grained, chilled, normal diabase . 

B. Dyke a long west contact of intrusion feeder . 

py-cp + 11 3 Fine- grained , chilled, granophyre - bearing 
diabase, py- cp . 

C. Dyke adjacent to intrusion feeder. 

cp ' 8 . 0 Medium- grained normal diabase , cp-py . 
Sulphides are generally fine grained k 1 mm), 
but some grains are up to 2 - 3 mm across. At 
about 0 . 5 n1ile north of this locatiori, the same 
dyke is traversed by the intrusion feeder . 

D. Dyke in eastern country rock, parallel to general strike of intrusion. 

E. 

21 

22 

38 

46 

81 

8 1 

81 

8-l 

G. 

142 

PY + 6 .4 Medium- grained normal diabase, partly grano-
phyr i c, py-cp. 

cp + 3.8 Mediu1n-grained no r mal diabase, partly grano-
phyr i c, cp-po . 

PY - 4.4 Medium- grained normal diabase, py- cp. 

PY + 7 . 3 Mediu1n- grained normal diabase , py-cp. 

Dyke in intrusion body, 2640 - to 2830-foot level in North dr illhole. 

po 

cp 

po 

PY 

+ . 6 

+ 1. 

0 7 

Med ium-grained normal diabase, po-cp. 

Medium- grained normal diabase, cp - po. 

Medium- grained normal diabase, po- cp . 

F. Dyke in intrusion roof. 

+ 0 . 7 Medium - grained, granophyre - bearing diabase, 
cp-py. 

Dyke in weste rn country rock, north of Copper mine R i ver . 

cp + 0.2 Medium- grained normal diabase . Sulphides 
a r e generall y fine grained (<0 . 5 mm) , but a 
few grains are up to 2 mm across. 

Sulphides occur as sparsely disseminated gra in s , l ess than l mm i n 
diameter, un l ess otherwise indi cated . 

2 
Figure repres ents footage of drill- core . 
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Spec imen 
No . 

SDC-
62 - 4002D(a) 

(c) 

62-4004B(a) 

(c) 

62-4006A(a) 

(c) 

62- 4008A(a) 

(c) 

62-401 l A(b) 

(c) 

62-4011 B (a) 

(b) 

62-4012 (b) 

(c) 

62-401 9A(a) 

(d) 

62-4019B (b) 

(a) 

62 - 4023(a, c) 

(d) 

62 - 4026 (a) 

(c) 

62 - 4033 (a) 

(c) 

- ( -l -

Table l 7. Sulphur isotope data in coexisting sulph i des 
(pyr rhotite- chalcopyrite). 

Locat i on 
No . in 
Fi 

115 

116 

11 7 

122 

47 

47 

48 

l 0 

l 0 

57 

54 

150 

Mineral 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

+ 6 .4 

+ 7. 3 

+ 7. 6 

+ 7 . 6 

+ 7 . 8 

+ 7 . 3 

+ 5.8 

+ 4. 9 

+13.3 

+ l 3 . 3 

+12.9 

+ 9. 3 

+ 15. 8 

+15 . 6 

+ 11. 1 

+10 . 4 

+10 . 0 

+ 9 . 3 

+11 . o1 

+14 . 2 

+12 . 9 

+12 . 7 

+ 6 . 7 

+ 6 . 2 

Description 

See Table 7. 

Discontinuous rim s (< 0. 2 mm th ick) 
or irr egula r areas (< 0. 5 mm) about 
po, and i solated grains (<I mm) 

out side po. 

See Table 7. 

Discontinuous rims (0 . l - 0 . 5 m m 
th ick) about po . 

See Table 7. 

Irregular areas (0 . 2-2 mm) near 
margin of po. 

See Table 7. 

Rims (< 0. 3 mm t hick) and irregular 
areas (< 0. 5 mm) about po, and iso­
lat e d grains (<I mrn) outside po. 

See Table 6 . 

Rims (< 0 . 2 mm thick) round po, and 
isolated g rains (< 0 . 05 mm) outside 
po. 

See Table 6 . 

In general po and cp occur as separ ­
ated grains, cp also occurs as irregu ­
lar vein l ets (< 3 mm wide) . 

See Table 6 . 

Irregular areas (<0 . 3 mm) near margin 
of po , somet im es forming rims (< 0. 1-
0 . 2 mm thick) . 

See Table 2 . 

Irregular areas (<0. 3 mm) near margin 
of po, and isolated grains (< l mm) 
outs id e po. 

See Table 2 . 

Similar to 62 - 40 I 9A(d) . 

See Table 7 . 

po and cp tend to occur as separated 
gra ins. po grains generally contain 
some cb but littl e cp . 

See Table 7 . 

D i scontinuous rims (< 1 mm thick) 
about po, and i sol ated g r ains kl -2 
mm) outs i de po . 

See Tabl e 6 . 

Lenses or b l ebs (< l x3 mm) parallel ­
ing basal partings of po crysta l s , and 
ve inl ets (l mm w i de) . 

+0 . 9 

0.0 

+0 . 5 

+0 . 9 

0 . 0 

+3 . 6 

+ 0.2 

+o . 1 

+o. 1 

- 3.2 

+ 0.2 

+0 . 5 



Specimen 
No. 

SDC -
62 -4034 (a) 

(b) 

62 -403 6A(a) 

(c) 

62-4036B(a, b) 

(d) 

62 - 4037A(a, b) 

(d) 

62-4037B(b) 

(c) 

62 - 4038B(a) 

(b) 

62 -4041 (a, b) 

(c) 

62 -404 3 (a) 

(d) 

f-2 -40 44 (a) 

(d) 

62 - 4047 (a) 

(c) 

62 - 4048 (a) 

(c) 

62- 40 50 (a, b) 

(c) 

Location 
No. in 
Fi 

150 

149 

149 

148 

148 

147 

144 

31 

143 

141 

140 

87 

M ineral 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

c p 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

Table 17. (cont'd . ) 

+ 7. l 

+ 8 . 0 

+ 9. 3 

+ 8.7 

+ 8 . 4 1 

+ 7.8 

+ 7. 7 1 

+ 7.8 

+ 7. 3 

+ 6 . 4 

+ 7.3 

+ 7. l 

+ 7. 8 1 

+ 8. 0 

+ 7. I 

+ 7. l 

+ 7.8 

+ 7.3 

+ 7. l 

+ 6 .7 

+ 6 . 0 

+ 6 .4 

+14. l 

+ 13. 6 

Description 

See Table 7 . 

Irregu lar areas (< l mm) near margin 
of po, and veinlets (< 0. 5 mm wide) in 
massive po. 

See Table 7 . 

Irregular areas (< 0 . 2 mm) near 

ni.ar gin of po. 

See Table 7. 

Similar to 62-4036A(c) . 

See Table 6. 

Irregular areas (< 0 . 5 mm) or dis­
cont inuous rims about po, and iso­
lated grains (<0 . 05 mm) outside po. 

See Table 6 . 

po and cp gene rally occur as separated 
grains (< 0. I mm). Some grains (0. 5-
2 mm) show equigranular association 
of both minerals. 

See Table 7 . 

Irregular areas (<0. 5- 1 mm) near 
margin of po, sometimes forming 
rims (< 0. l mm thick). 

See Table 7. 

Discontinuous rims (O. l min thick) 
about po, and isolated grains (<0.2 
mm) outside po. 

See Table 7. 

Irregular areas (< 0. 3 mm) near 
margin of po, and isolated gr ains 
(<O.l mm) outside po. 

See Table 7. 

Irregular areas (< 0. 3 n1m) near margin 
of po . A few vein l ets (< 0. 3 mm w ide) in 
massive po . 

See Table 6 . 

Discontinuous rims (< 0. 5 mm thick) 
and irr egular areas (< 0. 3 mm) about 
po, and i solated grain s (< 0. 4 mm) 
outs id e po. 

See Table 7. 

Irregular areas (< l mm) near margin 
of po, partly showing ve inlike penetra ­
tion into po. 

See Table 6. 

Discontinuous rims (< 0 . 2 mm thick) 
about po , and isolated grains (< 0. 2 mm) 
outs ide po . A few irregular ve inlets 
(<0.1 mm wide) in massive po . 

-0. 9 

+0.6 

+0.6 

-0. l 

+0 .9 

+0.2 

- 0.2 

0 .0 

+0.5 

+0.4 

-0.4 

+0 . 5 



Spe cimen 
No . 

SDC-
62 - 4052 (a) 

(d) 

62 - 4 0 54 (a) 

(b ) 

62 - 4057 (a) 

(c) 

62 - 4059 (a) 

(c) 

S - 3665 (a) 

(b ) 

L o cation 
N o . in 
F i . . 

43 

4 1 

136 

133 

63 

Mine ra l 

po 

cp 

po 

cp 

po 

cp 

po 

cp 

po 

cp 
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T ab l e I 7 . (c ont'd . ) 

+ 12 . 2 

+ 11 . 8 

+ 1 1 . 3 

+12 . 4 

+ 6 . 7 

+ 5 . 8 

+ 12 . 4 

+ 11. 8 

+ 7 . 6 

+ 6 . 9 

Descr i ption 

See Table 7 . 

Exsol ution lamellae in cb - rich ir regu ­
lar areas (< 1 mm) nea r margin of po 
and in cb - cp i so lated gra in s (< 2 - l 0 
mm) . 

See Table 6 . 

Vcinlets (<0. J- 5 mm \\'idc) in rna::;s ivc 

po . 

See Table 7 . 

Rims (< 0 . 3 mm thick) and irr egular 
areas (<0 . 3 mm) about p o , an d i so­
lated g r a i ns (<O . 2 mm) outs ide po . 

See Table 7. 

Irregular a r eas (< 0 . 3 n1m) near ma r g in 
of po , and i sol ated g r a in s (< 0 . 3 mm) 
outs ide po . 

See Tab l e 8 . 

Fine - grained(< l mm) d i ssetninations. 
po a nd cp ge n e ra lly occu r a s se pa ra te d 
gra in s . 

Average o f &S
34 

- ~s 3 -l 
p o ' cp 

A vera ge o f &S
3 4 

- !iS
34 

po c p 

Mean of two measur ements fo r magnet i c a lly diffe r ent py rrhot ites . 
See Tabl e I 9 . 

+o . 4 

- 1 . l 

+0 . 9 

+0 . 6 

+o. 7 

+0 .2 

0 . 7 
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Table 18. Sulphur isotope data in coexisting sulphides (cuban ite -

chalcopyrite, pyr rhotite - cubanite - chalcopyrite, 
chalcopyrite- galena and pyrrhotite- seagenite) . 

Specimen Location 
5S34~ &S34 s34 oS34 -5S34' 'No . No . in Mineral Description 

Fi 3 
cp 

0 
cb po cb 

SDC-
62 - 250B (a) 74 cp + 6 . 7 Exsolution lamellae inter grown with 

cb . 
+0.3 

(b) cb + 6.4 See Table 3. 

62 - 4027A(c) 55 cp + 5 . 6 Sec Tab l e 7. 

(b) cb + 5. I Exsolut ion lamell ae intergrown with 
+o. 5 

cp . 

62 - 402 9B (a) 59 po +14. 2 Irregular areas embayed by eh and cp . 

(c) cb +13 . 8 See Table 7 . 
+0 . 4 

62-4043 (a) 31 po + 7 . I See Table 7 . +o . 4 

(c) cb + 6 . 7 Irregular areas (< 0. 2 mm) near 
margin of po, associat ing w i th cp . +0 . 4 

(d) cp + 7 . I See Table 15 . 

62 - 4052 (a) 43 po +12 . 2 See Table 7. -0 . 7 

(b) cb +12 . 9 See Table 17 . 
-I .I 

(d) cp +1 1. 8 See Table 1 7 . 

Average of 0S
34 

- s34 0 . 5 
cp 0 cb 

Average of (iS
34 

- s34 0 . 5 
po 0 cb 

oS34 - 5S34 
cp %., gn 

59- 1045B(b) 23 cp + 7 . 8 See Tabl e 6 . 

(a) gn + 6 . 4 Int ergranula r nets around cp . +I . 4 

59- l 433B(a) 138 cp + 5 . 8 See Table 7 . 

(b) gn + 5 . 3 Rims (< 0. 5 rn1n th i ck) round cp , +0 . 5 
and monomineralic veinlets 
(< 1 mm w ide) . 

Average of os34 
- s34 I. 0 

cp 0 gn 

&S34 - &S34 
po %. sg 

62 - 4028 (b) 58 po +12 . 9 See Tab l e 7 . 

(a) sg + 13 . I Irregular areas near margin of po. - 0.2 



Specimen 
No. 

SDC-
62 -4014 (a) 

(b) 

62 - 4018 (a) 

(b) 

62 - 4023 (a) 

(c) 

62 - 4025 (a) 

(b) 

62 - 40 36B (a) 

(b) 

62 - 40 37A(a) 

(b) 

62 - 4041 (a) 

(b) 

62 - 4050 (a) 

(b) 

62 - 4056 (a) 

(b) 

Specimen 
No . 

SDC -
62 - 4011B(a) 

(c) 

62 - 4029A(a) 

(b) 

62 -40 31 (a) 

(c) 

62 -40 47 (a) 

(d) 

62 - 4054 (a) 

(c) 
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.Table 19. Sulphur isotope data on two fractions of pyrrhotite 
separated magnetically from the same spec imen . 

Location 
1iS34'to No. in M i neral 1 Description 

Fi 

60 po-s + 17 . I 
See Table 6 . 

po - w +16 .7 

12 po- s +12 .0 
See Table 2. 

po- w +12 . 0 

57 po-s + 10.9 
See Table 7 . 

po - w +I I . I 

53 po-s +15 . 6 
See Table 6 . 

po- w + 1 5 . 6 

149 po- s + 8. 7 
See Tabl e 7 . 

po-w + 8.0 

148 po-s + 7 . 3 
See Table 6 . 

po-w + 8 .0 

1 44 po-s + 8.0 
See Table 7 . 

po-:-w + 7.6 

87 po- s + 14.4 
See Table 6. 

po-w + 13 . 8 

137 po-s + 6 . 2 
See Table 7. 

po - w + 6.4 

Average of 6 s
34 
po- s - Ii s34 

po-w 

po- s represents magnetically stronger fraction compared with po-w. 
Laboratory hand magnet for mineral separation (Sepor No . 903 
"Automagnet" --- Sepor Laboratory Supply, Chicago, Illinois) was 
used as rough divisional standard . 

Table 20. Sulphur isotope data in secondary pyrite or marcasite 
after pyrrhotit e . 

Location 
oS34%o No . in Min e ral Description 

Fi 3 

47 po +12 . 9 
See Table 6 . 

me + 12.9 

59 po + 12.0 
See Tabl e 7. 

PY + 13. I 

1 51 po + 5 .8 
See Table 6 . 

me + 6 .2 

141 po + 7 . I 
See Tabl e 6 . 

PY + 6 . 4 

41 po + 11 . 3 
See Tabl e 6 . 

PY +I I . 6 

Average of 5S
34 

- 5534 
po py, me 

5S34 oS34 
po-s po-w 

+0.4 

0 . 0 

-0.2 

0 . 0 

+o. 7 

-0 . 7 

+0. 4 

+0.6 

- 0.2 

0 .4 

/i534 - Ii s34 
po py, me 

0 . 0 

-1. I 

-0 . 4 

+o. 7 

- 0.3 

0.5 






