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ABSTRACT

Lead isotope ratios have been determined by a VG.354 thermal
ionization mass spectrometer on Sudbury Igneous Complex
sulphide ores. The isotopic ratios are contrasted with the
lead isoctope proafile of selected country vrvocks in  the
vicinity of the complex. South Range data form a linear
array whose slope indicates an age of approximately 1.85 Ga,
the published age of the igneous complex. They also indicate
a magmatic origin for lead in the ore. North FRange data
describe a parallel 1isochron, with lower =2°€Pb/=¢<Fb and
RO7PB/29*Fb ratios. The South and North Range data are
similar ta the lead-isoctope composition of country rocks
close to them, and indicate rather different crustal-source
rocks for sulphide ores in these regions of the complex.
This fact suggests that the Sudbury Igneous Complex was
generated by a meteorite impact which occurred at the edge of
the Huronian succession averlying the Southeast edge of the

Superior Frovince.
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CHAFTER 1

INTRODUCTION

1. GENERAL STATEMENT

The decay of uranium and thorium to stable isotopes of lead
has proven to be of value 1in determining the history,
processes and saources involved in the formation of ore

deposits.

In this study, Pb abundance and 1isotopic ratio
determinations have been successfully achieved by thermal
ionization—mass spectrometry for samples analysed for Re/0Os
(Dickin et al., 1932; Beneteau, 1930) and other samples
collected from the Sudbury Igneocus Complex (hereafter

abbreviated SIC).

Sm—Nd and Re-0s isotopes provide strong support for the
crustal origin of the SIC. However, they cannot resalve
components from two crustal reservoirs which may be involved
in the genesis of the complex, namely the Levack gneisses and
the overlying units of the Hurcnian super group. Firstly,
the sedimentary strata of the Huronian super group were
largely derived by erosion of the Superior basement, also,
ignecus units within the Huraonian succession were
contaminated by the Supericor basement. The Sm/Nd system is
not significantly fractionated by such intra-crustal

differentiation processes, while the preliminary Re/0Os data
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‘available suggest wvery variabie but overlapping isotope

ratios in the two crustal reservoirs.

However, it has been demonstrated that the U/Pb system
is one isotopic system very sensitive to intra-crustal
differentiation. This system is fractionated during
high—grade metamorphism to vield uranium—depleted lower
crustal qgneisses, as well as a uranium—enriched upper crust
of the Huronian super group. Over time these systems should
generate different lead isotope profiles in the two crustal

reservoirs which may be involved in the genesis of the S5IC.

The Sudbury ignecus complex was chosen as a test
because, this complex has been the centre of many geologic

controversies and its origin is still discussed.

1.1 Theoretical Background.

A detailed discussion of the theoretical basis and the
isotope geochemistry of Pb, Th, and U has been provided in
detail by Doe (19703, Faure (1977, 1986). {ead, atomic
number 82, is the most metallic of the group IV-RBR elements.
Lead forms a divalent icn having a larger radius than uranium
and thorium and has four naturally occurring isotopes: =°4pPh,
=z0&ph, =2°7Pb, and 2°®Pbh. The latter three are radiogenic as
a result of radioactive decay., with =238} producing =°6ph,
235 producing =°7Pb and 23=2Th generating =2°9Ph. The =2°<fp
has no long-lived radiocactive parent and is often used as a

stable reference isoctope. The modes of decav are complex,



each parent—dauaghter series invalving many relatively
short-lived radicactive intermediate daughters before the
stable Pb isctope is reached. Intermedi ate daughter products
are not important for this discussion. The relative
abundance of the three radiogenic isotopes are generally
expressed as ratios with =2°4Pb such as 2°9°SpPh/=2°9+Ph. The rate
of radicactive decay of the parents given by the half-lives
t1/72 differ siagnificantly. Abundance, half-lives and decay
constants of the principal naturally occurring isctopes of

uranium and thorium are given in Table 1.1).

Uranium has atomic number 92 and is now known to be the
third member of the Actinide series of elements. Uranium
(Z=92) and thorium (Z=90) have similar qeochemical
properties. They both form tetravalent ions with similar
ionic vradii U= = 1.5 A=; Th* = 1.10 A=) and thus
substitute for each other, which accounts for their

geachemical coherence.

The U-Th—FPb isotopic system can potentially vield
information about the mean ages, as well as information about
the very early history of the earth, since the half lives in
this system range from 0.7 Ga to 14 Ga. The first reliable
age of meteorites (4.5 Ga) was a lead isochron age

{Patterson, 1956:; Murthy & Patterson, 1562).



1.2 Geochemical Behaviour of Uranium, Thorium and Lead.

Uranium, thorium and lead belong to the group of the
large—ion lithophiles (while lead has strong chalcophillic
tendencies) which were accumulated predominantly in the crust
and fractionated significantly during the earth’s history.
Their concentration in the mantle is lower. Upper crustal
rocks are enriched in U compared to lower crustal or mantle
rocks (Doe, 1970). Uranium is preferentially mobilized from
the lower continental crust during high—arade metamorphism
and accumulates in the upper crust. This causes the crust to

become stratified in U/Pb ratio.

According to Armstrong (1968), 68%Z of U, 794 of Th, and
S3% of Pb are concentrated in the crust. 0On the other hand,
when compared to the depleted mantle, Alleare et al. (1988)
estimated that 80%Z of uranium, 70%Z of lead and 90%Z of thorium

now reside in the continental crust.

The most extensive account of the occurrence and
distribution of lead and uranium in igneous metamorphic and
sedimentary rocks has been described in detail by Wedepohl
€1978). The values are given in Table 1.2. The increase of
lead concentrations from ultrabasic to granitic rocks is
almost as steep as that of uranium. Therefore, the U/Pb
ratio of the common magmatic rock units is rather wuniform,

although it decreases slightly from granitic to ultrabasic



rocks. The average lead content of argillaceous sediment (20

ppm) and granitic rocks (23 ppm) is only slightly higher than

that of granulites.

The upper continental crust mainly consists of magmatic
intrusives and metamorphic rocks, and minor sedimentary
material buried during a thrusting event (Wedepohl, 1978).

The lower continental crust consists mainly of high—grade

metamorphic vrocks of intermediate chemical composition.

These rocks are

relatively depleted in U (Lambert % Heier,

1967, but probably not in Pb.

Table 1.1. Abundances, half-lives and decay constants
of the principal naturally occurring isotopes
of Uranium and Thorium (modified from Faure,

19863.
ISOTOPE ABUNDANCE HALF—-LIFE DECAY CONSTANT

(4D (years) (per vyear)
238U 99.2743 4.468 x 10% 1.55125 x 10—1<
235U 0.7200 0.7038 x 10° 9.8485 x 10—°
234U 0.0057 2.47 x 105 Z2.806 % 10—€
232Th 100, 0000 1.401 x 10® 4.94753 x 10—112



Table 1.2.

ROCK TYPE
Ultra basic
Basic
Intermediate
Intermediate
Granaodiorite
Granite
Granulite

Argillaceocus

in igneous,
(Wedepohl,

1978).

(calcalkaline)

(alkaline)

sediment

Arenacecus sediment

Calcereous %

Troilite

dolomitic sediments

Ordinary chondrites

Achondrites

Pb (ppm)
3
6

10

Average concentrations of the Pb and U ratio
sedimentary and metamorphic

rocks

U (ppm?
0.014
0.4

1

0.009
0.01

0.07



1.3. The Geoloaqy of the Sudbury Ianeocus Complex.

The general geology of the Sudbury basin is illustrated in
Figure 1.1. Many of the details can be found in Fye et al.
(1984). The Sudbury Ianeous Complex (SIC) is the world’s
greatest producer of nickel, and is located in the southern
Canadian Shield between the early Proterozic Huronian supra
crustal rocks of the Southern province and the Archean
plutonic rocks of the Superior province. The Sudbury
structure has an elliptical outcrop pattern, approximately 27
kilometres on its short axis and about 60 kilometres on its
long axis. This is due to tectonic shortening 1in a
northerly direction during the Penokean and subsequent
aorogenies (Rousell, 1984) by Southerly dipping thrusts,
defined recently in seismic images (Milkereit et al., 1992).
This thrusting event 1is responsible for several faults
(parallel to the strike of rock wunits within the central
Sudbury basinl) cutting across the SIC from the Southwest to

the Southeast (Dressler, 1984b).

The SIC is a differentiated and lavered tholeiitic
intrusion (Naldrett et al.. 1970), which is overlain by the
Onaping Tuff and underlaid by a “"contact sublayer" (Naldrett
et al., 1984) which is composed of differentiated norite,
sulphide—bearing ore and brecciated rock. A lower zone of
norite, a middle zone of quartz gabbro and an upper zone

grancophyre make up its “"main mass™.



Figure 1.1 Geological setting of the Sudbury Intrusive
Complex relative to the three nearby
geological provinces. The main mass of the
complex is hatched. (From Pye et al., 1984)

Mines: Creighton =
Falconbridge East =
Strathcona =
Whistle Pit =
Silicates: Main Mass =
Onaping Tuff =
Huronian =
Nipissing Diabase =
Levack Gneiss =
Sudbury Breccia =
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The sublayver is the lower—most uwunit of the Ianeous
Complex and intrudes along the contact between the main mass
of the Complex and the footwall rocks as discontinuous
lenses, sheets and embayments referred to as the “"contact
sublayer" (Naldrett et al., 1984) and forms several dikes
(guartz—diorite) in the surrounding rocks known as offset
dikes. Indeed, it hosts many of the nickel-copper ore bodies
of the Sudbury area. Pattison (1979) described the sublavyer
in general and Naldrett et al. (1984) described the contact
sublaver in detail. Grant & Bite (1984) have documented the
field and major element characteristics of the offset dikes.
They suggested a agenetic relationship between the offset
dikes and the main mass magma. The contact sublayer and the
of fset dikes are composed of gabbro to quartz diorite and
feature two main groups of inclusions (Naldrett et al.,

198431 .

Inclusions in the contact sublayer are chiefly derived
from the footwall rocks (felsic gneiss, quartzites, and
amphibolites) and those composed of mafic and ultramafic
rocks (Scribbins et al., 1984). Mafic and wultramafic
inclusions are derived from hidden layered intrusions that
have fractionated at moderate depths in the crust (Scribbins
et al., 1984). Naldrett (1984) has suggested that these

hidden intrusions are related genetically to the SIC.

Geologists are not in agreement about the correct

geclogical interpretation of the Sudbury Igneous Complex.
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Its origin, structure and associated ores have long been a
sub ject of controversy (Fye et al., 1984). Opinions are
divided between an endogenic volcanic explosion (Speers,
1957; Muir, 1984) and meteorite impact (Dietz, 1964; French,
1968, 1970; Peredery & Morrison, 1984). Various features of
the SIC, such as the extreme brecciation of country rocks
around the Complex, the presence of shock metamorphic
features in the Onaping formation and in the footwall rocks,
and ovérturned strata at the rim of the structure were arqgued
by Diet=z (1964 to support an origin by meteorite impact.
Feredery (1972) developed this model by proposing that the
Onaping formation was a fallback breccia resulting from the

impact.
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1.4. Geochemistry and isotope geochemistry of the Sudbury
Igneous Complex.

1.4.1. Geochronology.

The age relationships in the Sudbury structure are
exceedingly complex, as different events in the past have
occurred in it, and since it lies at the "junction” of three
structural provinces of the Canadian Shield. In particular,
the Superior, Southern and the Grenville provinces were
affected by Penokean and Grenville orogenies (see Figqure

1.23.

Numerous geochronologic studies have been carried forth
in the Complex. The first important isotopic age results for
the Sudbury structure were based on the K-Ar and Rb—5r
methods, involving both mineral and whole-rack ages. Later
studies focused on using U-Pb determinations on zircon
baddeleyite. Earlier norite bioctite analyses by Aldrich et
al. (1959 give consistent K—Ar and Rb—-S5r ages of about 1770
Myr. Rb-Sr whole-rock analysis by Faure et al. (1964 found
an age for the norite agranophyre of about 1704 * 19 Myr.
Fairbairn et al. (1968) cobtained an Rb-Sr whole rock age for
samples of granophyre and norite at about 1705 & 19 HMyr. 2
similar age of 1785 1 126 Myr was obtained for the felsic
norite by Hurst & Wetherill (1974). Rb—-Sr studies of the SIC
by Gibbins &% McNutt (1975a) yield an age of 1680 * 30 and
1956 * 98 Myr for the granophyre and norite, respectively,

whereas Hurst & Farhat (1977) reported a Fb—Sr norite whole



Figure 1.2 Location of the Sudbury Structure
with respect to structural province
boundaries and major fault systems.
(From Card and Hutchinson, 1972.)
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rock age aof 1883 * 136 Myr. An age of 1850 * 1 Myr, obtained
on U-Pb zircon and baddeleyite separated from the norite aﬁd
aranaphyre respectively (Krogh et al., 1984), is perhaps the
best age yet determined. U/Fb data are reliable because they

were analyzed on abraded zircons (Krogh, 1982).

1.4.2. Isotopic Geochemistry.

In the literature there are two main interpretations of the
isotopic geochemistry. One interpretation 1is that the
Complex crystallized primarily from mantle—-derived basaltic
magma that was crustally contaminated (Kuo & Crocket, 1979;
Naldrett & Hewins, 1984: Naldrett et al., 1986; Naldrett %
Evenson, 1987; Walker et al., 1991). The other
interpretation is that the Sudbury Complex is averwhelmingly
crustal and no direct mantle—derived component was apparently
invoelved in its origin (Ding & Schwarcz, 1984; Faaqgart et
al., 1985; Deutsch et al., 1990: Dickin et al., 1992).
However, there have been doubts about the nature of the
crustal component in the Complex, since it is located between
the Superior province to the north and northwest and
overlying sediments (Huronian super group? to the south and

southeast.

Faggart et al. (1985) presented Nd isotope data for the
silicate rocks of the SIC, showing that they contained
remarkably strong crustal signature, with an epsilon

value at 1.85 Ga averaging -7.5. They interpreted this tao
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mean that the Complex crystallized from a melt with
homogeneous Nd isotopic svystematics. Naldrett et al. (1986)
noted a more hetercgeneocus Nd isotope with epsilon values
ranging from -5 to —9; accordingly, they preferred a "mixing
model , which indicates a mantle—derived magma mixing with
"partial" impact melting of crustal lithologies 1in the

Superior province of the Sudbury region.

Dickin et al. (19923 presented a compilation of
previous Nd isotope data for different Sudbury mines and
possible country rvock sources (see Figure 1.3). These
results demonstrated that the silicate rocks from these mines
are consistent with a model of 100%L crustal derivation of the
SIC, either from the Levack gneisses in the Superior province
or a mixture of sedimentary and metavolcanic rocks from the

Huronian supra crustals of the Southern province.

Recent Re/Os isotopic studies of sulphide ores from four
Sudbury mines also indicated a crustal signature (Walker et
al., 1991; Dickin et al., 1992). Initial Os isotope data
from these mines, along with Levack gneiss and Huronian super
aroup data at 1.85 Ga are presented in histogram form in
Figure 1.4. The data from the Creighton, Levack West and
Falconbridge mines are consistent with 1004 crustal

source from these country rocks. In contrast, the Strathcona



Figure 1.3

Histogram of calculated Neodymium (Nd)
isotopic data for silicate samples from
sublayer ores and for country rocks at
1.85 Ga.

N=Nipissing diabase, L=Huronian Lavas,
S=Huronian Sedimentary Formations,
Stars=depleted mantle composition at 1.85
Ga.

(After Dickin et al., 1992)
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mine 1s not generally consistent with this model. Dickin et
al. (1992 have argued that gross disturbances of Re-0s
systems were obvious after 1.85 Ga, and they excluded the

Strathcona mine from consideration on these grounds.

The ®75r /8¢5y (T = 1.85 Ga) ratios of the Igneous
Complex (Gibbins & McNutt, 1975; Hurst & Farhat, 1977; Rao et
al., 1984) are somewhat higher than the mantle—-derived magma
and implies that the complex—producing magma was a crustal
melt prior to crystallization. On the basis of their EEE
study, Kuo & Crocket (1979) indicated significant amounts of

crustal interaction.

Isotopic and geochemical studies have indicated that the
rocks and ores of the SIC have a crustal signature. The
mechanism by which this catastrophic event occurred, an
endogenic wvolcanic explosion or meteoritic impact, is still

discussed.



Figure 1.4

Histogram of calculated osmium (Os)
isotapic data for sulphide ores and
country rocks at 1.85 Ga.

Double boxes represent the range of
values found in replicate analvsis of
ares. Crustal units are as fallows:
Solid boxes = Walker et al., 1991

LG = Levack gneiss

Gow = Gowganda Formation

Open boxes = Dicken et al., 1992
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ST = Stabie farmation.
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CHASaaBFRFTER =

SUDBURY ORES
2.1 Introduction

As mentioned in Chapter 1 and shown in Figure 1.1, the ores
aof Sudbury are located at the margin of the Sudbury Ianeous
Complex, whose major faults divide the Complex and 1its

environment into the North Range and South Range areas.

Naldrett (1984) subdivided the deposits into five

qroups, as follows:

(1) South Range deposits

(2) Narth Range deposits

(3 Offset deposits

(4) Fault-related depaosits, and

(3) Miscellaneous deposits

In this study, sulphide ores were analyzed from the Creighton
mine (a typical example of South Range deposits), from the
Falconbridge East mines of the South Range which belong to
the so-called "fault-related deposits” and from the
Strathcona mine and Whistle Pit of the North Range (see
Figure 1.1). The collection and preparation of the samples
is discussed in Chapter 3 below, while the analytical results
may be found below in Table 5.1 and the sample descriptions

can be found in Appendix A.
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The Sudbury ore deposits are unigue and constitute the
1largest known concentration of nickel—-copper sulphides on
earth. Their genetics have been studied by many authors and
ware thought to be magmatic in origin {(e.g., Hawley, 1965:
Naldrett et al., 1384) or of hydrothermal origin (Fhemister,
1925; Yates, 1938, 1948)>. Naldrett (1984) advocated a
magmatic origin of the mineralization in which sulphide
precipitation was triggered by the contamination of a mafic
magma through the assimilation of SidZ-rich country rock.
Diet=z (1972 suggested that the sulphide ores represent
meteoritic material. They could alternatively represent an
aqgregation of pre—-existing suiphide phases from melted
country racks, or might be derived from small caomponents of a

mantlie—derived melt, generated by decompression melting.



2.2 The Creighton Mine
2.2.1. Geoloagy.

Creigton mine is located in the South Range, on the southern
limb of the SIC (see Fiqure 1.1). The massive ore bady at
Creiaghton has the laragest number of ore varieties (Souch et
al., 1969) and includes a series aof individual sheet-like ore
bodies that extend downward to a depth of approximately 3
kilometres (Yates, 1948; Souch et al., 1969) and a
trough—like depression at the base of the Sudbury Igneous

Complex (SIC).

The Creighton ore zone has been described in detail by
Hewley (196Z) and Souch et al. (1969). The ore zone is
shown in detail in Figure 2.1 below and consists of three ore
types. Guartz—-rich norite irreqularly comes 1into cantact
with the underlying ore zone or sublaver, and occasionally
contains encugh minor sulphide to form low—grade ore. In the
upper part of the sublaver, disseminated sulphide ores occur,
but becomes more massive toward the lower contact and is
intruded into the footwall rocks of Elsie Mountain greenstone
and Creighton granite. The massive ore deposits contain
large angular xenoliths of the country vrock lithologies and
narite, along with exotic gabbroic ultramafic inclusions such
as those described by Scribbins et al. (1984). Both
magmatic textures and textures suggestive of assimilation are

COMMON . The ore is associated with a shear zone in  the
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(=)

norite above, which passes into the underlying rocks (all see

Figure zZ.1).



Figure 2.1 Geologic setting; Creighton mine looking
west. After Souch et al., 1969.



CREIGHTON MINE

CROSS-SECTION
LOOKING WEST

SULPHIDES

IN NORITE

e

AN
- AN,
NV, l.f/
2 =N PR
A DN
- ® 9.
._s”t\ll \/\s.A\/.'
\\\—.\l\/-l—w \l.\-\l
P Y _.n‘_v\ A 7 _./
. .-}.J\_l!\ \~\a\|r.\l~IK\ \
AR INIARZ S A
ONTd AS Ss N-yA-y
AR IR AN 2T RSN Ay
RDAVIRA VAV R VIS Y
AR ~“\~=le ,/—:\ ANt el )
[ RS 12 V=
> > g A
-t N

DISSEMINATED

e
]

I MASSIVE SULPHIDES

5] FOOTWALL ROCKS

S SHEAR ZONES

600

o

METRES



23

2.2.2. Sampling.

Massive and disseminated ores were sampled from both the 4200
and 200-foct levels from a variety aof different
environments. This was done 1in an attempt to test for
initial osmium (Dickin et al., 1992) and for lead iscotope
heterogeneity of the ore (this study). Sample descriptions

and localities are given 1n Appendix A.1l.

2.2.3. Isotope Geochemistry of the Creighton Ore.

Dickin et al. €1932) presented a compilation of initial
neacdymium—isotope data for the Creighton samples (Fiqure
2.2). These are age corrected. It can be seen that the
silicate rocks assaciated with the sublaver ores from
Creighton mine are consistent with a model of 1004 crustal
derivation of the SIC, from a mixture of sedimentary and

metavolcanic racks from the Huronian units.

Re/Os iscotope results fraom the sulphide ores of
Creighton mine also strongly point ta a crustal signature
(Walker et al., 1991: Dickin et al., 13323, Initial
Os—-isotope data from the Creighton mine fall within the range
of estimated crustal compositions at 1.85 Ga (see Fiagure
2.32. Double—-lined boxes represent the total range of

initial ratios determined by duplicate analyses of the same

sample.



The agreement of the initial ratios 1870s/1980s (T =
1.85 Gal from disseminated sulphide and contact—-sublayer
samples from Creighton is good evidence that the main mass
and the contact sublayer are cogenetic. This agrees with
previous geochemical evidence that the sulphide and silicate
melts were cogenetic (Maldrett, 19384). Initial 1e¥0s/ 18805
ratios aof the Creighton mine cluster around 0.6 with a few
lower initial ratios (see Figqure 2.3). This distribution to
lower initial ratios does not correlate with the lithaolagical
environment, thus Dickin et al. (1992) suqggested that the
low ratios are accounted for by the loss of radiocgenetic
osmium, probably associated with mid—-proterozoic or Grenville

orcgenic events.



Figure 2.2 Histogram of calculated neodvmium (Nd)
isotope data for silicate samples from
Creighton Mine and for country rocks at

1.85 Ga.

N = Nipissinag diabase

L = Huronian lavas

S = Huronian sedimentary formations
Stars = depleted mantle composition at

1.85 Ga (after Dickin et al., 1992)
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Figure 2.3 Histogram of calculated csmium (0Os)
isotopic data for Creighton sulphide
ores and country rocks at 1.85 Ga
tafter Dickin et al.. 1992
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2.3 Falconbridge East mine

Z2.3.1. Geological setting.

Falconbridge East mine ore deposits occur at the Southeastern
margin of the Sudbury Igneous Complex (5IC) in Falconbridge
Township (Figure 1.1). The deposits occur within fault zones
between the base of the SIC and the metavolcanic and
sedimentary rocks of the Stobie Formation 1in the lower

Huronian group (see Figqure Z.4).

The Falconbridae East mine deposits have been described
by Davidson (1348) and Lochhead (1955). Much of the ore at
Falconbridge 1is emplaced along faults, and the ore zone dips
steeply north to vertical in the upper levels and vertical to
70 degrees in the middle and lower levels. The ore body is a
narrow sheet of sulphides within the cantact between the main
mass norite and metavolcanic rocks of the Stobie Formation

(see Fiqure 2.5).

Lochhead (1955 suggested that the fault was active
during the crystallization of the SIC. The ore zone at the
East mine varies in width from a few centimeters to 2B meters
with an average of about S5 meters in width, and is composed

of pyrrhotite, pentlendite and chalcopyrite (Davidson, 1948).



Figure 2.4 Geclogy and location of the Falconbridge

East mine, Falconbridge Township Cafter

Burrows & Rickabvy. 1934: from Beneteau,
1990).
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Figure 2.5

Cross—section throuah the Falconbridge
East mine showing geoclogical relationships
and dominant lithologies (after Davison,
1i948: from Beneteau, 1990}

Alsc shown is the approximate location of
the sample transect.

(See Appendix A.12



N
"-{eﬁ'\\\r\;b
3

N

AUREN)
OV

(Wye)
L

.
ot

ROY
L2
~ e

LEGEND
Norite

Ry Stobie Fm.

=== Sample
traverse

25m
A




LJ
(@]

2.3.2. Sampling.

Samples were collected on a traverse which cross—cut the
quartz-rich norite, the sublaver at the Falconbridge East

open pit mine and the contact Stobie Formation {(see Figure

Z2.62 {Reneteau, 19907 . Sample descriptions are given in
Appendix A.l. Selected samples (less disturbed Re/Os
isochron systematics) were analyzed. Seven sublayer ores

(FZ, F3, F4, Fo. F6, Fz4, Fz8), one disseminated ore in
norite (F1) and one sample from the Stobie Foarmation (Fz22>,

are chosen from Figure 2.6.

2.3.3. Isotope Geochemistry of the Falconbridge Mine.

Fecent studies have postulated that the sulphide ores from
Falconbridge East mine have a larae crustal component.
Analysis of sulphide ores has vielded initial *870s/1880s
ratics of about 0.54 for samples interpreted as undisturbed
since the formation of the SIC (Beneteau et al, 1991). Some
of the sublayver ores have disturbed Re/Os isachron
systematics (Beneteau, 1990:; Beneteau et al., 1991), possibly

due to the effects of the Grenville arcgeny (see Figure 2.7).

Beneteau C1390) has suggested that the Re/0Os isaotopic
systematics at the Falconbridage East mine recorded at minimum
three geoclogical processes. First, there was contamination

af an ultramafic magma with crust material to vield a mafic
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magma with a strongly radicgenic crustal signature.
Secondly, there Was crystallization of the sublaver
sulphides. And finallvy, there was alteration by fluids
during the Grenville orogenv. He also mentioned that the
strongly radicgenic initial *®70s/1880g ratio of 0.54 & 0,10
rules out principal derivation of the ore from the mantle or

from meteoritic sources (see Figure Z2.7).

Instead, the data have shown that 60-704Z of the 0Os in
Falconbridge East ores is of crustal origin. Similar results
were obt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>