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ABSTRACT

Disseminated to massive sulphides from the Thompson Nickel Belt, Manitoba,

show textural and geochemical evidence of being modified by deformation and fluid

alteration. Samples of massive sulphide horizons, hosting metasediments, sulphide-

bearing ultramafic rocks, and sulphide breccias were collected from the Thompson,

Birchtree, and William Lake deposits. Sulphide minerals from these samples were

examined petrographically and analyzed by electron microprobe analysis (EMPA) and

proton-induced X-ray emission (PDG). Representative samples were analyzedby whole-

rock geochemical techniclues.

Compositional zonation occurs in and around massive sulphide horizons hosted by

metasediments. Disseminated pyrrhotite grains in metasediments occurring within -20

metres of a massive sulphide horizon are enriched in Ni relative to pyrrhotite grains that

are more distal to the massive sulphide horizon. These Ni-enriched disseminated

pyrrhotite grains co-exist with Ni-enriched pentlandite. Chalcopyrite tends to be

concentrated into stringers at the contacts between massive sulphide horizons and hosting

metasediments. During high-grade metamorphism, Cu may have migrated to the contacts.

During final cooling of the sulphides, fluid-assisted diffi¡sion of Ni from the massive ores

to the metasediments may have occurred.

Massive ores from the Thompson, Birchtree, and Pipe deposit are very depleted in

Pt relative to other platinum group elements (PGE) The Pt depletion may be the result of

i) the fractionation of Pt from the other PGE under reducing conditions or 2) mobilization

of Pt from the massive ores due to metamorphic or *.,uro-uric processes. The most

deformed (i.e. remobilized) massive ores in the Thompson Nickel Belt contain higher Ni



tenors, Ni/Co ratios, Se/S ratios, and Pd/Ir ratios than less deformed ores. Furthermore,

the most remobilized ores contain higher As, Bi, and Pd concentrations than less

remobilized ores; these elevated trace element concentrations coincide with the

paragenetically late mineralization of gersdorfüte (NiAs), As-bearing pyrite, and Pd-

bearing bismuthotellurides. Monoclinic pyrrhotite grains comprising extremely deformed

massive sulphide horizons contain higher Ni concentrations than less deformed pyrrhotite

grains; co-existing pentlandite grains also contain higher Ni concentrations and higher

Ni/Co ratios. Nickel may be complexed by As-, Pd-, and Bi-enriched fluids travelling

through stress-induced weaknesses in deformed ores, then subsequently re-deposited in

massive sulphides distal to ultramafic sills and incorporated into thermally metamorphosed

sulphides. Economic concentrations of sulphide ore in the Thompson Nickel Belt are

considered to be structurally, stratigraphically, and metamorphically controlled.
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CHAPTER 1: INTRODUCTION

1.1 Overview

The Thompson Nickel Belt (TNB) is a nofiheasterly trending mobile belt of

reworked Archean basement gneisses and Early Proterozoic cover rocks separating the

Churchill and Superior Provinces in northern Manitoba, Canada (Figure i.1). This belt

contains several world-class Fe-Ni-Cu sulphide deposits (e.g. Thompson, Pipe) hosted by

complexly deformed and metamorphosed volcanic, subvolcanic, and sedimentary rocks.

The complex geological processes involved in creating these sulphide deposits have

obscured the stratigraphic relationships between ore and host rocks, thus making the TNB

a difficult exploration target. To further complicate exploration, rocks in the northern part

of the belt are poorly exposed and those in the southern part are covered by up to 130 m

of Paleozoic carbonate rocks. Refinement of existing exploration tools and ore deposit

models for the Belt is needed to ensure cost-effective exploration and extraction of Ni ore.

1,2 Previous Work

The TNB has been a focus for exploration in northern Manitoba since the

discovery of major Ni deposits in the 1950's and early 1960's, and has also been a focus

for research because of its genetic relationship to the Churchill-Superior boundary zone.

Zubrigg (1963) presented the geology and mineralizationwithin the Thompson Mine.

Coats (1966) examined the serpentinized ultramafic rocks that host the Ni deposits in the

Belt. Peredery et al. (1982) mapped the Thompson and Pipe mines and outlined the

stratigraphy of the Ni ore-bearing supracrustal rocks of the TNB, which are now known
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Figure 1.1. Map showing the location of the Thompson Nickel Belt in Manitoba (inset) and its position
relative to other geological domains (modified from CAMIRO, 2000a).
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as the Ospwagan Group, a term first introduced by Scoates et al. (1977). Cranstone and

Turek (1976) and Machado et al. (1990) summarized geochronological relationships in

the TNB. Bleeker (1990) presented interpretations of the tectonic evolution of the TNB

and its Ni deposits. These interpretations are based on detailed mapping, structural

analysis, petrography, and geochemistry of rocks within the exposed portion of the Belt.

Although the basic elements of the geology in and around the TNB was established by the

late 1980's, the interpretation of the tectonic setting of the Belt and its ore deposits

continues to evolve.

Much work has been done to support the interpretation that the TNB Ni sulphide

ores are magmatic in character, but little has been published to show the possible effects of

metamorphism and/or metasomatism on the composition of the sulphide minerals and the

ores themselves. Boulet and Larocque (1997) examined massive and brecciated ores from

the Birchtree deposit that have been affected by metamorphism and brittle deformation.

The authors observed metamorphic textures such as reaction rims on pyrrhotite grains and

Ni-arsenides, fracturing of pyrrhotite and pentlandite, and veinlets of chalcopyrite in

fractures and grain boundaries. Larocque and Boulet (1998) observed that deformed and

metamorphosed sulphides from the Birchtree deposit can be distinguished from primary

(magmatic) sulphides by their trace element contents, as determined by electron

microprobe analysis (EMPA) and proton-induced X-ray emission (PD(E) analysis. The

authors showed that massive brecciated pentlandite had lower concentrations of Ni but

higher concentrations of Co than massive magmatic pentlandite.

Bleeker (1990) observed "nickel haloes" surrounding magmatic stratabound ore

zones in the TNB, specifically in the Pipe II and Thompson open pit mines. Bleeker



1.3

(1990) found that sedimentary sulphides, which are Ni barren at a considerable distance

away from an ore zone, show increasing Ni content in proximity to the ore zone. This

suggests that weak Ni en¡ichment in sedimentary sulphides might be an indication of

nearby magmatic sulphides. The Ni zonation was attributed to the local remobilization of

Ni from massive sulphide ore to barren sedimentary sulphides by metamorphic processes,

the mechanics of which are not well understood. This thesis describes the Ni zonation

with respect to sulphide mineral textures and chemistry.

Purpose and Scope of Study

In 1991, the Thompson Nickel Belt Project was established by the Canadian

Mining Industry Research Organization (CAMIRO) Exploration Division to aid mineral

exploration in the TNB. The project was designed as a 4-year collaborative study by

geoscientists from academia, government, and industry to 1) define the geology,

stratigraphy, structure, geochronology, petrogenesis, and metallogenesis of the TNB, 2)

refine existing geological, geochemical, and geophysical exploration tools used in the

TNB, and 3) aid in the identification of new exploration targets.

This Master's thesis was designed as a sub-project of the Thompson Nickel Belt

Project to: 1) assess the mobility of Ni as a result of metamorphism, metasomatism, and

deformation in ore zones throughout the Thompson Nickel Belt, and 2) physically and

chemically characterize spatially distinct ore zones in the Belt. This was done by

comparing and contrasting the textures and compositions of sulphide minerals in

ultramafic rocks, massive sulphide horizons, and sulphide-hosting metasediments

throughout ore zones in the Thompson Nickel Belt. Textural analysis of sulphide ores, in

4



conjunction with chemical analyses of sulphide minerals and sulphide-bearing rocks,

provides a better understanding of the mobility of metals within sulphide ore zones, and

helps to define the scales at which this mobility occurs.



CHAPTER 2: TIIOMPSON NICKEL BELT

2.I Regional Setting

The Thompson Nickel Belt of northern Manitoba, Canada, is a 10-35 km wide

complexly deformed mobile belt trending 033' The eastern margin of the belt marks the

approximate limit of Hudsonian overprinting on unreworked A¡chean crust; the western

margin, the Churchill-Superior boundary fault, marks the contact with the Early

Proterozoic Kisseynew domain (\ileber, 1990)(Figure 2.1). The Kisseynew domain

comprises paragneisses, metasedimentary rocks, and metavolcanic rocks that are typically

metamorphosed to upper amphibolite-grade (Peredery, 1982). The unreworked Archean

crust to the southeast of the Belt includes low- to medium-grade granite-greenstone

terains, and the high-grade Pikwitonei granulite belt. Mafic to ultramafic dykes of the

Molson swarm (Ermanovics and Fahri g, I97 5; Scoates and Macek , 1978), dated at 1883

Ma (Heaman et a|.,1986) further charactertze the Archean crust. These dykes intrude

rocks of the Thompson Nickel Belt (Cranstone and Turek, I976), but not those to the

northwest.

The Belt marks part of the boundary between the Churchill and Superior

provinces. To the north-northeast, the Thompson Nickel Belt extends into the Split Lake

Block (Weber and Scoates, 1978), a region of primarily polymetamorphic gneisses

(Corkery, 1985) East of this Block is the Fox River Belt, which consists of Aphebian

supracrustals and related intrusions (Scoates, 1981). The southern extension of the

Thompson Nickel Belt has been delineated below Phanerozic platformal cover to as far

south as South Dakota.
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'r) Thompson Nickel Belt Geology

The Thompson Nickel Belt consists of about 80%o or more variably reworked

A¡chean gneisses (Bleeker, 1990). Early Proterozoic supracrustal rocks, commonly

referred to as the Ospwagan Group (Scoates eÍ al., 1977), are in narrow, structurally

controlled belts on the western part of the Belt (Figure2.2). The gneisses and Ospwagan

Group supracrustals are intruded by dikes and sills of dunitic to pyroxenitic composition.

These ultramafic bodies, and the Ni sulphide deposits that associated with them, also

occur on the western portion of the Belt (Figure 2.2). The reworked basement gneisses,

Ospwagan Group, and Molson dykes are intruded by Hudsonian felsic plutons, which are

characterized by the occurrence of garnet and muscovite in addition to biotite (Bleeker,

1990). Several generations of pegmatite dykes, dated between 1687 and 2667 Ma (Potrel,

2000 - Table 3.3) occur throughout the TNB.

Lithostratigraphy of the Ospwagan Group

The Early Proterozoic Ospwagan Group cover sequence is of great interest to both

exploration geologists and researchers alike, as it contains the world-class Ni deposits of

the TNB and records the early tectonic evolution of the Belt. The lithostratigraphic map

of the Ospwagan Group, summarized by Bleeker (1990), is shown in Figure 2.3. The

lower portion of the Ospwagan Group (Manasan Formation), is a clastic sequence

consisting of a thin quartz and feldspar conglomerate, overlain by arkosi c to quartz-

arenitic rocks. These rocks fine upwards into quartz-rich siltstones, which are overlain by

arenites. Overlying the Manasan Formation is a sequence of cherl and siliceous dolomite

2.3
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(Thompson Formation), and a sequence of graphitic sulphide facies iron formation,

silicate facies iron formation, and pelitic schists (Pipe Formation). As used here, the term

"iron formation" signifies a ferruginous metasediment that is characteristic to the TNB,

rather than a conventional sedimentary iron formation. The Pipe Formation is overlain by

the Setting Formation, a sequence of interlayered quartzites and schists, followed by a

mixture of metamorphosed conglomerates, greywackes, and minor pelitic sediments. At

the top of the Ospwagan Group is the Ospwagan Formation, which consists of mafic to

ultramafic volcanic rocks. Several ultramafic sills intruded the cover sequence at various

levels (e.g. Thompson, Pipe, and Birchtree) and also intruded within A¡chean basement

rocks (e.g. Bucko Lake). The sulphide ores of the Thompson deposit occur near the top

of the pelitic schist unit of the Pipe Formation, while the ores of the Pipe and Birchtree

deposits occur within the graphitic sulphide facies iron formation of the Pipe Formation

(Figure 2 3)

Bleeker (1990) interpreted the Ospwagan Group as a record of sedimentation and

magmatism that occurred in response to changing tectonic regimes in the early evolution

of the TNB. The clastic rocks of the Manasan Formation represents deposition related to

the transgression of an Early Proterozoic basin onto the Superior plate margin. The

calcareous sediments of the Thompson Formation marks the advent of a stable shelf

environment following the transgression. The graphitic schists and graphitic cherts of the

overlying Pipe Formation are characteristic of a deeper, euxinic environment, and could

indicate renewed subsidence due to an approaching foredeep. This period of deepening

was followed by a period of shallowing or infilling of the foredeep as indicated by the

metaturbiditic sequences of the Setting Formation. The mafic to ultramafic volcanic rocks

ll



of the Ospwagan Formation indicate that such a foredeep environment was magmatically

active

2.4 Structural and Metamorphic History of the Belt

Bleeker (1990) established seven fold and several fault generations in the TNB,

based largely on structural analyses of the Ospwagan Group rocks between Moak Lake

and Pipe Lake (Figure 2.4). The first th¡ee fold generations and associated faulting

episodes provide evidence that the Belt was a major collision zone. According to a recent

compilation of geochronological data fo¡ the adjacent parts of the Trans-Hudson Orogen

and the Superior Boundary Zone, the major period of collisional tectonics between these

two terranes occurred between ca. 7820 and 1780 Ma (CAMIRO, 2000b).

Compressional tectonism likely produced isoclinal Fr folds with northeast trending

fold axes, such as the nappe-like Fr fold that dominates the Moak Lake-Pipe Lake region

(Figure 2 5) The core of this nappe structure comprises intensely reworked basement

rocks that locally overlie downward-facing supracrustals, such as at Thompson Mine. The

incorporation of the basement rocks into the structure suggests that at least lower

amphibolite facies metamorphism occurred during Fr. Fr folds are crosscut by mafic dykes

interpreted to be part of the 1883 Ma Molson dike swarm. Tight to isoclinal Fz folds

overprint Fr and fold Molson dikes. The Fz folds were probably recumbent and provide

evidence for a second period of ductile thrusting during which the Kisseynew gneisses may

have been emplaced onto the TNB. Fr and F2 folding may record a phase of crustal

thickening along the margin of the Superior plate. The thermal peak of regional

metamorphism, which has been interpreted to occur around 1820 Ma, overprints F2.

12
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Average garnet-biotite geothermometric data for deposits discussed in this thesis are as

follows: Thompson,740"C,6 kbars, Birchtree 680oC, 5 kbars; Pipe, 635.C, 5 kbars

(Bleeker, 1990). Peak metamorphism of these deposits could have been generated by the

thermalrelaxation of a thickened crust, during which anatectic granites intruded the TNB.

High amplitude, nearly upright, doubly-plunging F3 folds are the result of intense

sinistral transpression of the nappe that was produced during F¡-F2 history. Fg folds

transformed the preexisting fold pile into a steep belt of gneisses and metasediments.

Axial planes of the F¡ folds dip steeply to the SE, trend N35-50E, and form a left-stepping

en-echelon pattern, the axial traces of these folds trend 0-15' from the N35E trend of the

TNB. Mylonitization is confned to ductile shear zones that are generally parallel to

steeply dipping limbs of the F3 folds, in keeping with the en-echelon trends of the Belt.

These shear zones are overprinted by steep brittle-ductile and brittle faults that are

(sub)parallel to, and are concentrated on, the western margin of the Belt. Early movement

along these faults indicates sinistral strike-slip displacement, whereas later movement is

dextral. This dextral movement occurred in conjuction with transcurrent brittle faults that

are pervasive throughout the belt.
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CHAPTER 3: NICKEL DEPOSITS

3.1 Model for the Formation of TNB Sulphide Deposits

The stages in the formation of a magmatic sulphide ore are shown in Figure 3. 1

(Naldrett, 1989). Partial melting of the mantle gives rise to ultramafìc or basaltic magma,

which rises upward and intrudes the crust or extrudes as lava. Either before or while the

magma is cooling, immiscible sulphide droplets start to segregate from the silicate melt.

Chalcophile metals tend to be scavenged by the sulphide melt. The droplets, being much

denser than the silicate magm4 settle to the base of the magma, coalesce, and solidify.

A-lteration, defo¡mation, and/or metamorphism can modify the composition of the

sulphides after they have solidified.

The Thompson Nickel Belt deposits are categorized as magmatic Ni deposits

related to low-Mg komatiites at rifted (Proterozoic) continental plate margins (Naldrett,

1989, Eckstrand, 1996). The Cape Smith Belt deposits in the Ungava Peninsula of

Northern Quebec also fall into this category. Both deposits are within Hudsonian fold and

thrust belts, and occur at the base of a komatiite sequence along a sedimentary-volcanic

contact. These deposits are typically located in the lowest, thickest, most magnesian of

flows, where MgO contents range from about 20-35yo. The sulphide ores are often

massive at the base of the flows, and grade upwards into matrix sulphides and

disseminated sulphides.

A model for the mineralization in the Thompson Nickel Belt is presented here,

after the work of Bleeker (1990), Peredery (1982) and Naldrett et al. (1979) Ultramafic

magmatism, which occurred as a result of a Proterozoic rifting event, led to the intrusion

t6
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3.2

of large ultramafic sills in the Ospwagan Group metasediments (Figure 3 2) The

ultramafic sills intruded the Ospwagan Group metasediments and locally assimilated

sedimentary sulphides. The ultramafic magmas subsequently became saturated with

respect to sulphide, and large quantities of immiscible sulphide melt coalesced at the base

of the ultramafic bodies. The ultramafic sills and the localized magmatic sulphide

concentrations were then stretched and folded (Figure 3 3) Whereas the ultramafic sills

accommodated the deformation by boudinage, the sulphides were remobilized within the

metasedimentary host. Locally, the sulphides were remobilized into late shear zones and

late tension gashes.

Thompson Deposit

The Thompson ore is stratabound and occurs within the pelitic schist unit of the

Pipe Formation (Figure 3.4). The Thompson structure consists of nearly upright, variably

plunging, high-amplitude folds interpreted to have formed during an F¡ folding event in the

Thompson Nickel Belt (Bleeker, 1990). Reworked basement gneisses occur on the outer

limbs of the structure, while the Ospwagan Group supracrustals occur in the core.

The block diagram in Figure 3.5 illustrates the structure and geological setting of

the Thompson nickel sulphide ore body (Bleeker, 1990). The reference horizon in the

diagram represents the pelitic schist unit that hosts the Thompson sulphide ore and the

associated ultramafic boudins. The subvertical attitudes of the rocks are interpreted to be

the result of doubly plunging F¡ folds, which dominate the Thompson Nickel Belt

(Bleeker, 1990) Also shown in the block diagram are the locations of the T1 shaft, which

i8
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D Sulphide Facies
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Figure 3.2. Schematic model for the emplacement of magmatic sulphides in the Thompson Nickel Belt
(after Bleeker, 1990). Ultramafic magmatism near the end of Ospwagan Group deposition led to the
intrusion of ultramafic sills within Archean basement rocks (e.g. Bucko Lake) and the Ospwagan Group
metasediments (e.g. Thompson, Birchtree, Pipe, William Lake). These ultramafic sills may have
differentiated at higher levels in the sequence to produce extrusive mafic volcanic rocks and intrusive
subvolcanic gabbro/picrite sills throughout the TNB.
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Figure 3.3. Schematic representation of stretched and folded ultramafic sills of the Thompson Nickel Belt
deposits. Massive sulphide horizons are located within boudin necks, metasediments, and late shear zones
and tension gashes (after Bleeker, 1990).
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Figure 3.5. Orthographic block diagram of the Thompson structure (after Bleeker, 1990). View towards N358oE, 35odown. Coordinates refer to Thompson
Mine grid. Note the location of the 14, 18, lC, and 1D ore bodies along the reference horizon, which represents the pelitic schists of the Pipe Fonnation. Also
note the location of the T1 mine shaft at the apex of an F3 fold structure, and the location of the T3 mine shaft on the main F3 hinge.
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3.3

marks the T1 fold nose areathat was sampled for this study, and the 1C and 1D ore

bodies that were also sampled for this study.

Birchtree and Pipe Deposits

The Birchtree and Pipe deposits share similar lithological and structural settings.

The ultramafic rocks of the Birchtree deposit are interpreted to be part of a discontinuous

array of ultramaftc bodies that stretch from Pipe II Open Pit to Birchtree Mine (Bleeker,

199O)(Figure 2.2). The ultramafrc sills from the Birchtree deposit and the Pipe deposit

occur in the same stratigraphic position within the Ospwagan Group cover sequence, i.e.

within the graphitic sulphide facies iron formation of the Pipe Formation (Figure 3.6) The

massive and semi-massive sulphides at Birchtree and Pipe have not undergone the same

degree of deformation as the Thompson deposits. Massive sulphide accumulations tend to

occur as breccias consisting of peridotitic clasts in a sulphide matrix. These breccias are

typically proximal to ultramafic boudins and are not stretched within the metasedimentary

horizon to the same extent as in Thompson.

Of the two deposits, only the Birchtree Mine was sampled for this thesis.

However, due to the similarities of these deposits, data from Pipe deposit, as listed in the

Thompson Nickel Belt Database (CAMIRO 2000a), is also presented for comparison. For

more detailed stratigraphic, structural, and geochemical analyses of the Pipe deposit, the

reader is referred to Bleeker (i990) and Peredery (1982).
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Figure 3.6. Typical cross section from the Birchtree Mine. Geological interpretation by INCO geologists.
Samples analyzed from the mine were taken from transects at the 1500 Level and 1800 Level, as marked.
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3.4 William Lake Deposit

The William Lake deposit lies beneath Paleozoic carbonate rocks in the southern

portion of the Thompson Nickel Belt. Like the Thompson and Birchtree deposits, the

ultramafic bodies are interpreted as being hosted by the Ospwagan Group metasediments

(Figure 3.7). These metasediments include quartzites, pelites, calcareous metasediments,

iron formations, and graphitic schists. The ultramafic bodies consist of pyroxenite,

peridotite, and dunite. No work has been published to place the position of the bodies

within the Ospwagan Group lithostratigraphic section of Bleeker (199O)(Figure 2.3). The

ultramafic bodies and the hosting metasediments are concentrated on the southeastern

margin of a granitic intrusion, the William Lake Dome. Centimetre- to metre-scale

granitic pegmatite veins, interpreted to be related to the intrusion of the William Lake

Dome, cross-cut the older ospwagan Group rocks in many drill-core samples.

The mineralízation in the deposit typically occurs as disseminated sulphides within

the ultramafic bodies, and locally grades to centimetre- to decimetre-scale massive and

semi-massive sulphide accumulations toward the base of bodies. Banded sulphides,

sulphide stringers, and disseminated sulphides within metapelites and iron formations are

commonly encountered in drill core.
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Figure 3.7. Schematic geological map of the William Lake deposit showing the relationship
between the ultramafic rocks and what are interpreted to be Ospwagan Group metasediments.
Geological interpretation by J. Macek (CAMIRO, 2000a). Samples analyzed from the deposit
were taken from drill hole intersections, as marked.
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CHAPTER 4: SAMPLING AND METHODOLOGY

4.I Sampling Technique

The majority of rocks sampled for this study were from the Thompson, Birchtree,

and William Lake deposits; several samples from Bucko Lake, and Soab North deposits

were analyzedby electron microprobe for comparison. Suites of sulphide-bearing rocks

were collected as either grab samples from underground mines (Thompson T1 Mine,

Thompson T3 Mine, and Birchtree Mine) or as saw cuts from exploration drill core

(\ililliam Lake, Bucko Lake, and Soab North deposits). Sulphide-bearing intersections

were collected with the guidance and technical assistance of INCO and Falconbridge

geologists. Each sample suite consists of massive to semi-massive nickeliferous sulphides,

and disseminated to stringer sulphides in the adjacent lithological units. These units were

anl.where from centimetres to hundreds of metres away from the massive sulphides, the

majority of the samples being tens of metres away. Semi-massive to massive Ni-barren

sulphides (those sulphide-bearing rocks reported to contain less than 0 1% NÐ were also

collected for comparison with nickeliferous ore. The relative locations of all samples were

documented in order to establish trends in the compositions of the sulphides with respect

to distance from massive ore bodies.

Several limitations in the sampling technique are presented here. Underground

sampling in the Thompson and Birchtree mines was limited to available drifts that either

cross-cut sulphide ore bodies and bounding strata, or that cut along strike of sulphide ore.

The stratigraphy within and between the drifts is largely interpreted from AutoCAD maps

provided by INCO geologists. A¡other limitation was encountered in the sampling of
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4.2

exploration drill core from the Soab North deposit, drill core from these deposits is

reduced to abbreviates, which are decimetre-sized remnants of lithologies that were

intersected at 10- to 5O-foot intervals.

Analytical Techniques

4.2.1 Overvietu

Microscopic textures of sulphide minerals in over 200 polished thin sections were

examined by ore petrography. Major and minor element concentrations of sulphide

minerals in 108 samples were determined by electron microprobe analysis (EMPA) Brief

field descriptions and classifications of those samples that were analyzed by EMPA are

listed in Appendix 1. Trace element concentrations of sulphide minerals from 33 samples

were determined by proton-induced X-ray emission (PD(E). 'Whole-rock 
geochemical

analyses of 81 sulphide samples complemented microprobe data in defining the chemical

character of the Ni deposits. Whole-rock geochemical techniques that were used in this

study are described in detail in Appendix 6. By relating the textures of sulphide-bearing

rocks to the chemistry of the sulphide minerals in the rocks, one can better interpret these

textures with respect to the timing of sulphide mineralization.

Applications of electron and proton microprobe analyses in sulphide mineralogy

have been documented by Cabri (1988), Cabrt et al. (1985), and Ryan and Griffin (1993).

Microprobe analyses of sulphide minerals from Ni-Cu, Pt-pd-Ni-Cu, and pb-Zn-Cu-Ag

ores can indicate the existence of valuable elements within certain mineral phases. These

elements may occur as fine microscopic or submicroscopic inclusions, or in the form of a

solid solution. Microprobe analyses can be very valuable from a mineral processing
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perspective, in that they can determine which desirable elements (e g Ag, Au, PGE) can

be liberated by metallurgical extraction and which undesirable elements (e.g. Se, As) may

hamper the extraction. Major and trace element patterns in sulphide minerals can be

diagnostic of physical conditions and geological processes in which the minerals were

formed. Such data can be very valuable in determining the effects of metamorphism and

metasomatism on a microscopic, macroscopic and, possibly, a regional scale. By

complementing data from microprobe techniques with data from bulk analytical

techniques, the exploration geologist can have a better understanding of where both

desirable and undesirable elements are likely to reside within a deposit.

Czamanske et al. (1992) analyzed Cu-Fe-Ni sulphide minerals in a suite of ore

samples from the Cu-Ni-PGE deposits of the Noril'sk-Talnakh district, Russia, by proton

and electron microprobes. They found that the spatial distribution of the mineral

assemblages, ore textures, bulk-composition, and experimental studies of the Cu-Fe-Ni-S

system indicate that fractional crystallization of monosulphide solid solution (zss) and

migration of resultant Cu-rich sulphide liquids were key processes in the evolution of the

Noril'sk-Talnakh ores. These processes led to the crystallization of pentlandite from ¡øss

in ores that ultimately became pyrrhotite-bearing, and from trace-element enriched,

intermediate solid solution (iss) in ores that ultimately became pyrrhotite-free. The work

of Czamanske el al. (1992) showed the concentrations and mineral residency of both

valuable and deleterious elements. Their work served as a preliminary guide to the use of

EMPA and PIXE in this thesis.
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4.2.2 EMPA and PIXE

The chemical compositions of pyrrhotite (Feqr_*¡S), pentlandite (Fe, Ni)eSs,

chalcopyrite (cuFeS2), pyrite (FeS2), and gersdorffite (NiAss) were determined by

microprobe techniques. Sulphide minerals in polished thin sections and polished rounds

were first analyzed by EMPA at University of Manitoba to determine major and minor

element compositions. A selection of representative samples was then analyzed by PDCE

at University of Guelph to determine trace element compositions. Operating parameters

for EMPA and PIXE analyses are summarized in Appendix 2. Both techniques use a

focussed beam of charged particles to excite characteristic X-rays and use energy-

dispersive X-ray spectroscopy in the form of Si (LÐ detectors. EMPA is widely used for

mineralogical studies, as it provides nondestructive in siÍu analysis of mineral grains with

1pm spatial resolution and detection limits of a few hundred ppm PDG, can be used to

extend these detection limits to only a few ppm. However, the PD(E technique can be

somewhat problematic in that more sample volume is required for PD(E analysis in

comparison to EMPA. This sample volume must be large enough to accommodate a

beam spot of 5 x 10 pm2, which travels at a 45" angle downward from the surlace of the

sample, to a depth of 10-20 pm. The volume analyzed by EMPA is only i¡rm3. It is

recommended that grains analyzed by the PDCE, technique at the University of Guelph are

no smaller than about 50 pm2 to ensure that the proton beam only penetrates the grain of

interest, and not surrounding grains. This poses a problem when analyzingvery fine-

grained disseminated sulphides, as the resulting data may partially record the chemistry of

host silicates. Thus, the majority of samples analyzed by PD(E were semi-massive to

massive sulphide ores. Furthermore, the majority of the sulphide phases analyzed by PD(E
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were pyrrhotite and pentlandite, as these were the coarsest grains in the samples. This

problem of grain size has resulted in a scant representation of trace element chemistry for

disseminated sulphides, p articularly in metasediments.
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CHAPTER 5: SULPHIDE TEXTURES AND MINERALOGY

5.1 Classification of Sulphide Textures

5.1.1 Overvieut

Nickel sulphide deposits that form at high temperatures undergo various re-

equilibration steps during slow cooling (Naldrett et aL.,1967a). Present sulphide mineral

assemblages may reflect equilibrium attained and then preserved at one or more

intermediate stages in the cooling process. Thus, the mineral assemblages in sulphide ore

do not necessarily reflect the conditions at which the ore was emplaced. In this study, a

classification scheme of sulphide-bearing rocks collected from the Thompson Nickel Belt

was developed to assess the chemistry of the sulphides as they relate to their textures. The

Thompson Nickel Belt sulphides have been classified previously by Zubrigg (1963),

Peredery 0982), Bleeker (1990), and Larocque and Boulet (1998).

The classification scheme presented in this thesis is based on the macroscopic,

mesoscopic, and microscopic texture of the sulphide component, and the character of the

host rock in which the sulphides reside. The abbreviations for the nomenclature in this

classification scheme are divided into a prefix, which reflects the texture of the sulphides,

and a suffix that reflects the character of the host rock. For example, the sulphide class

"disseminated sulphides in metasediments" is abbreviated as "DS-SED", the sulphide class

"massive sulphides in ultramafic breccia" is abbreviated as "MS-[IB". Figure 5.1 shows

the general location of the sulphide classes, in relation to the Thompson Nickel Belt ore

deposit model after Bleeker (1990).
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5.1.2 Dissemínctted sulphides ín metasediments (DS-SED)

The sulphides in this class are disseminated, fine- to medium-grained, and

constitute trace amounts to l5 percent (average -5%) of gneisses, schists, or quartzites

(Figure 5 2a). These sulphides are typically foliated pyrrhotite grains hosting very fine-

grained angular to rounded patches of pentlandite and/or chalcopyrite (Figure 5.2b and c)

5.1.3 Dísseminated and interstitial sulphides in ultrømajic rocks (DS-U, ß-U)

These sulphides range from fìne-grained disseminated blebs to coarse-grained

networks of interstitial grains (Figure 5.3a) in altered ultramafic rocks. The disseminated

blebs typically constitute trace amounts to 7%o sulphides of the ultramafic rocks, while

interstitial grains typically constitute 7-25% sulphides in the rocks. Typically, the

disseminated grains are in the interior of serpentinized ultramafic bodies, while the

interstitial grains are toward the exterior of the bodies. The minerals comprising this

sulphide type are pyrrhotite and pentlandite, with minor chalcopyrite and magnetite. The

pentlandite and chalcopyrite typically form subangular to subrounded patches along the

edges of pyrrhotite grains (Figure 5 3b) Magnetite typically occurs as fine anhedral grains

adjacent to the sulphides and as lamellae in silicate minerals (Figure 5 3c)

5.1.4 Bønen massive sulphides ín metasediments (BMS-SED)

This sulphide class typically comprises massive horizons or cm-scale bands of

pyrrhotite within biotite-rich schists and gneisses, and graphitic schists (Figure 5.4a). The

term "barren" refers to the low abundance of Ni in the sulphides (<1500 ppm Ni on a

100% sulphide basis). The pyrhotite is typically fìne-grained and annealed, and comprises
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a

b c

Figure 5.2. Textures representing sulphide class DS-SED (disseminated sulphides in metasediments). a)
Mineralized biotite schist from the Thompson ID ore body. b) BSE (backscatter electron) image of
disseminated sulphides in a sillimanite-gamet-biotite schist from the Thompson ID ore body, T3 Mine. pn
= pentlandite, po = pyrrhotite, black background = silicates. Scale bar in Jlm. c) BSE image of disseminated
sulphides in gamet-biotite schist from the 1C ore body, T3 mine. cp = chalcopyrite, po = pyrrhotite, black
background = silicates. Scale bar in JlID.
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Figure 5.3. Textures representing sulphide classes DS-U (disseminated sulphides in ultramafic rocks) and

IS-U (interstitial sulphides in ultramafic rocks). a) Serpentinized peridotite containing interstitial sulphides

from Birchtree Mine. b) BSE image of disseminated sulphides in serpentinized peridotite from the William
Lake deposit. Note the blebby texture of the sulphides that are interstitial to serpentinized olivine grains

(dark grey and black). cp: chalcopyrite, po: pynhotite. Scale bar in pm. c). BSE image of disseminated

sulphides in serpentinized peridotite from the Birchtree mine. Magnetite (mt) occurs as fine grains along
the edges of pynhotite grains (po), and also as lamellae in silicates (dark grey and black). Pentlandite (pn)

occurs as fme angular patches in pynhotite. Scale bar in pm.
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Figure 5.4. Textures representing sulphide class BMS-SED (barren sulphides in metasediments). a)
Sample from the Thompson TI Mine, showing massive pyrrhotite with foliated single crystal inclusions of
graphite and biotite, and ovoid aggregates of plagioclase, quartz, graphite, and biotite. b) Photomicrograph
showing massive pyrrhotite (po) and flame-textured to fine chain-textured pentlandite (pn) with inclusions
of graphite (gp), biotite (bio), and quartz (qtz).
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both hexagonal and monoclinic varieties. This sulphide class lacks visible pentlandite

mineralízation on a hand-sample scale and is particularly graphitic, containing up to 25Yo

graphite. The graphite occurs as foliated single inclusions or as aggregates associated

with foliated biotite flakes and rounded to ovoid qvartz and plagioclase (Figure 5 4b).

Chalcopyrite, pyrite, and magnetite are minor to fiace minerals. The chalcopyrite typically

occurs as very fine-grained blebs within the pyrrhotite grains, and as "porous masses"

adjacent to silicate inclusions. Pyrite occurs as subhedral aggregates replacing pyrrhotite.

Magnetite occurs as randomly distributed, fine anhedral grains. In several samples (1L99-

rD-37, JL99-1D-38, JL99-1D-39), up to 5o/o pentlandite was observed to occur

microscopically as "flames" and very fine-grained "chains" at the boundaries of annealed

pyrrhotite grains (Figure 5 ab); no coarse-grained pentlandite was found in this sulphide

type.

5.LS Møssive sulphides in ultramaJic breccia (MS-UB)

These sulphides are semi-massive (25-70% sulphide component) to massive (70-

I00% sulphide component) accumulations forming the matrix to ultramafic breccias

(Figure 5 5a) Fine- to very coarse-grained, tectonized inclusions of the hosting ultramafic

bodies are typical of this sulphide type. The mineralogy is dominated by pyrrhotite and

pentlandite, with minor amounts of chalcopyrite, pyrite, chromian spinel and gersdorffite.

Pyrrhotite occurs as annealed medium- to coarse-grained polygonal grains. Pentlandite

occurs as 1) very fine lamellae (Figure 5.5b), 2) elongated, wispy "chains", and 3) coarse-

grained, subangular to subrounded "eyes" (Figure 5.5b and c). The pentlandite eyes are

typically (1mm to 5 mm in size. On a microscopic scale, the sulphide textures and
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Figure 5.5. Textures representing sulphìde class MS-UB (massive sulphides in ultramafic breccia). a)

Massive sulphide breccia sample from Birchhee Mine, showing cm-scale inclusions of serpentinite (um)

and single crystal inclusions of mafic mica grains, quartz, and feldspar in massive pynhotite (po).
Pentlandite (pn) occurs as medium-grained light-coloured "eyes". b) BSE image of sulphides hosted in a
serpentinized peridotitic breccia from the Birchtree mine. Pentlandite (pn) occurs as lamellae and

subrounded to subangular "eyes" in massive pynhotite (po). black areas : silicates and pits. Scale bar in
pm. c) BSE image showing massive breccia sulphides from the Tl mine. cp : chalcopyrite, pn :
pentlandite, po : pyrrhotite, black areas : silicates and pits. Scale bar in pm.
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mineralogy in this sulphide class are similar to those of massive sulphides in metasediments

(MS-SED - described below).

5.1.6 Mnssive and semi-massive sulphides in metøsedíments (MS-SED, SMS-SED)

These sulphides are semi-massive (25-70% sulphide component) to massive (70-

l00yo sulphide component) horizons at the base of ultramaftc bodies, or within gneisses,

schists, and quartzites. The sulphides in this class consist mainly of pyrrhotite and

pentlandite (Figure 5.6a). Minor amounts of chalcopyrite, pyrite, magnetite, chromian

spinel and gersdorffite occur in this sulphide type. As in the massive sulphides in

ultramafic breccia (MS-LIB), pyrrhotite occurs as annealed polygonal grains and

pentlandite occurs as 1) very fine lamellae, 2) elongated, wispy "chains" (Figure 5.6b), and

3) coarse-grained, subangular to subrounded "eyes" (Figure 5 6c). The pentlandite eyes

are typically <lmm to 5 mm in size, but can be up to 2 cm wide in some horizons. In

many massive sulphide horizons throughout the Thompson Mine, pentlandite eyes are

often segregated into cm-scale bands within a coarse-grained, annealed pyrrhotite matrix

(Figure 5 l3b).

Pyrite typically occurs as aggregates ofsubhedral grains that replace both

pentlandite and pyrrhotite (Figure 5 7). Gersdorffite, which occurs as very fine, anhedral

to subhedral grains (Figure 5.7), was most often found in this sulphide class; however, the

mineral also occurs in massive sulphides in ultramafic breccia (MS-tlB) (Figure 5.6b and

c). Magnetite and chromian spinel occur as very fine-grained euhedral to subhedral grains

randomly oriented in a sulphide matrix.
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Figure 5.6. Textures representing sulphide class MS-SED (massive sulphides in metasediments) and SMS-

SED (semi-massive sulphides in metasediments). a) Massive sulphide sample from the Thompson Tl
Mine, showing coarse grained annealed pynhotite and lighter-coloured pentlandite eyes. Inclusions are

foliated mafic mica grains and aggregates of biotite, quartz, and plagioclase. b) Photomicrograph showing

fractured massive sulphides hosted in biotite schist from the Birchhee Mine. Pentlandite (pn) occurs as

"chains" at the boundaries of annealed pynhotite grains (po). The bright ovoid mineral in the centre of the

figure is gersdorffite (gd). c) BSE image of semi-massive sulphides hosted in sillimanite-garnet-biotite
gneiss from the 1C ore body, Thompson mine. Note the subrounded gersdorffite grain (gd) that has

crystallized over pentlandite (pn). Chalcopyrite (cp) and pentlandite have the same grey levels in
backscatter electron images; the typically fractured texture of pentlandite distinguishes it from chalcopyrite.
po : pynhotite, black grains : silicates. Scale bar in pm,
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Figure 5.7. BSE image showing semi-massive sulphides hosted in biotite gneiss from the lD ore body,
Thompson mine. Note the subhedral gersdorffìte grain (gd) within massive pyrrhotite. Pyrite (py) occurs
as aggregates ofsubhedral grains replacing pynhotite. pn: pentlandite, black grains : silicates. Scale bar
in ¡rm.
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The margins of massive sulphide horizons show evidence of brecciation along the

contact with hosting metasediments (Figure 5.8). Fine- to coarse-grained chalcopyrite is

typically distributed adjacent to pentlandite in stringers projecting into the metasediments

along this contact (Figure 5.9). Chalcopyrite also tends to be concentrated proximal to

silicate inclusions (Figure 5 10). Pyrite-chalcopyrite symplectites are irregularly

distributed within and along the margins of the massive sulphide horizons (Figure 5 11).

Characteristics of Mineralized Massive Sulphides from TNB Deposits

The mineralized massive sulphide samples (MS-I-IB, SMS-SED and MS-SED)

collected from various deposits in the Thompson Nickel Belt can be characterized tnterms

of their host, their relative proximity to ultramafic boudins, their inclusion population

(which can comprise up to 600/o of the sample), and the macroscopic texture of pentlandite

grains. Of all samples collected in this study, the following were mineralized semi-massive

to massive sulphides. 8 from Birchtree, 10 from Tl Mine, 10 from lC ore body, 15 from

lD ore body, and 72 from William Lake.

Ore samples from the Birchtree Mine consist of massive sulphides that occur in

ultramafic boudin necks and at the base of ultramafic bodies, thereby representing sulphide

class (MS-tIB). They contain randomly oriented to oriented, medium- to coarse-grained

brecciated ultramafic inclusions and minor pelitic inclusions. Pyrrhotite, the main sulphide

mineral, is associated with up to 10% fine- to medium-grained pentlandite (Figure 5 5a).

Due to the prodmity of the ore to the ultramafic boudins, samples from Birchtree are

interpreted to be closer in textural character to "primary" magmatic massive sulphides, in

comparison to samples from Thompson.
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Figure 5.8. Brecciated silicate fragments along contact between garnet biotite schist and massive sulphides.
Sample is from the Thompson Ie ore body.
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Figure 5.9. Stringer sulphides in garnet biotite gneiss from the Thompson Tl Mine. Chalcopyrite tends to
be concentrated in such stringers throughout the Thompson Mine.
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Figure 5.10. Example of chalcopyrite occurring adjacent to porphyroblastic silicates in massive sulphides.
Silicates are embayed aggregates of quartz and feldspar oriented parallel to foliated biotite porphyroblasts.
Sample is from the Thompson Tl Mine.
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Figure 5.11. Pyrite-chalcopyrite symplectites. a) Symplectite in stringer sulphides from the Thompson lD
ore body. b) Symplectite in annealed massive sulphides from the Thompson Tl Mine.
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Ore samples from the Thompson Mine, which present a spectrum of textures, are

best separated interms of the areafromwhichtheywere sampled (T1 fold nose, 1C ore

body, and 1D ore body). Most ore samples from the T1 fold nose are very similar in

texture to the Birchtree MS-UB samples described above (Figure 5 12a). One from the

Tl fold nose area (Sample JL98-T1-19) represents sulphide class MS-SED. This sample

is from a concordant massive sulphide lens hosted in pelitic schist that is more distal to

ultramafic boudins (at least 50 ft away from, and along strike of, an ultramafic body). Tt

ore typically contains randomly oriented to oriented, medium- to coarse-grained ultramafic

and pelitic inclusions, and contain up to 25%o medium- to coarse-grained pentlandite grains

(Figure 5.12b). Single crystal inclusions also occur in the T1 massive sulphides; the most

abundant crystal inclusions are fine- to medium-grained foliated biotite flakes, and

rounded quartz and plagioclase grains.

Ore samples from the 1C ore body largely represent sulphide class MS-SED

(Figure 5 13a). The 1C samples differ from the T1 MS-SED samples above in that the

pentlandite grains tend to be coarse and distributed into parallel, cm-scale bands within the

ore horizons (Figure 5 13b). Furthermore, single crystals of biotite, quartz, and

plagioclase dominate the inclusion population.

Ore samples from the 1D ore body represent massive sulphides hosted in pelitic

and quart-rich sediments that have been intruded by late pegmatitic granite (Figure 5.I4a).

Although the samples from this part of the Thompson Mine fall largely under the category

SMS-SED, the ore is unique in character with respect to other Thompson Nickel Belt

sulphides. The lD ore body has undergone extreme and complex deformation, which is

evident from undulating contacts between rock units, numerous metre-scale shear zones,
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b

Figure 5.12. Massive sulphides from the Thompson Tl Mine. a) Massive sulphides in the matrix of
serpentinized ultramafic breccia. Ultramafic boudins have talc-carbonate envelopes. Field of view is 12
feet (3.7m). b) Massive sulphides consisting of medium to coarse grained annealed pyrrhotite and
pentlandite, and inclusions of pelitic schist fragments and serpentinized peridotite.
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Figure 5.13. Massive sulphides from the Thompson IC ore body. a) Concordant massive sulphides hosted
in biotite schist. Field of view is 7.5 feet (23m). (b) Massive sulphides consisting of coarse pyrrhotite
grains and pentlandite eyes oriented parallel to foliated mica inclusions and schistose aggregates.

50



a

b

Figure 5.14. Semi-massive sulphides from the Thompson ID ore body. a) Semi-massive sulphides at the
contact with biotite schist. Schist and sulphides contain decimetre-scale pegmatitic sweats. b) Semi­
massive sulphide sample containing fme to medium grained pyrrhotite, pentlandite, and chalcopyrite, and
coarse ovoid inclusions of pegmatitic granite.

51



and abundant pegmatitic/tonalitic inclusions. The samples from this part of the Thompson

Mine are also relatively more distal to ultramafic boudins than aformentioned samples; no

interpreted ultramafic parent rocks were observed within 800 ft along strike of the ore

bodies in lD. The samples contain up to 40o/o well-rounded, medium- to coarse-grained

pegmatiticltonalitic inclusions, and typically contain up to 10% fine- to medium-grained

pentlandite grains (Figure 5 14b). Locally, the pentlandite grains are as coarse-grained as

the 1C ore; however, these are interpreted to occur in relatively more preserved (i.e. less

deformed) portions of the ore body.

William Lake massive sulphide samples, all taken as core samples (Figure 5.15),

have similar macroscopic textures to those from Birchtree, Tl fold nose, and 1C ore body;

no textural equivalents of 1D ore body samples were observed.

5.3 Textural Variations Across Strike of a Deformed Ore Zone

A detailed investigation of an ore-bearing stratigraphic section in the 1C ore body,

Thompson Mine (Figure 5. 16), was conducted to assess the textural variation of sulphides

across and along the strike of a deformed ore zone. The mesoscopic textures of the

sulphides within the 1C ore zone are summarized in Table 5.1

The textures of sulphides across strike of the 1C ore zone vary with the location of

the sulphides in the stratigraphic pile. Figure 5.Il (Ato D) shows the transition from

disseminated sulphides in the interior of the ultramafic body to interstitial, net-textured

sulphides at the edges of the body. This transition coincides with increasing

serpentinization of the ultramafic host, which was likely caused by hydration of the

ultramafic body from the exterior to the interior.
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Figure 5.15. Massive sulphide horizon in contact with biotite schist from the William Lake deposit.
Down-hole contact of massive sulphide (not shown) is with a serpentinized ultramafic body. Massive
sulphide consists of fme to medium grained pyrrhotite, minor chalcopyrite, foliated biotite inclusions, and
fme-grained quartz. Width of core is 5 em.
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Figure 5.16. Schematic diagram of an ore zone in the Ie ore body, Thompson Mine. Letters A to H refer
to relative locations of representative sulphide textures in the mine. Photomicrographs of these textures are
shown in Figure 5.17; descriptions of the textures are summarized in Table 5.1. Section I-I' and J-J' are
traverses along which sulphide-bearing samples were collected for electron microprobe analyses (Figures
6.6 and 6.7).
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Table 5.1. Mesoscopic textures and relative locations of represenlative sulphide sarnples from úre t C ore body. Tho¡rpson Mine.

Symbol in

Figure 1

A,B

Sulphide Texture
(po, pn, cp combined)

disseminated (tr-70,6)

interstitial (7-25"k)

D sulp hid e br eccia (25-7 Oo/o)

Relative Location in Ore Zone

ELI

hosted in ultramafic body

semi-massive (50-70%) to
massive (7O-1OOVI)

typically toward edges of
ultramafic body

Ez

adjacent to ultramafìc body

semi-massive (50-70oÁ) to
massive (70-1 00%)

Pentlandite Grains

EL3

not observed

proximal to (< -60m from)
ultramafic body

not observed

F

massive (70-'i 000/6)

up to 30o/o; equant to
ovoid eyes up to 1cm
size

distal to (t - 60m from), and along
strike of, ultramafic body

G,H

disseminated to stringer
(5-'1 5olo)

Mesoscopic Textures

disseminated (tr-70lo)

serpentinized ultramafic clasts: up to S0%; cm- to dm-scale; angular to
rounded; often contain stringer sulphides

mafic mica grains: up to 200lo biotite, phlogopite, and/or chlorite; rounded
laths up to 5 mm long; oriented parallel with contact to metasediments
quartz and feldspar grains: up to 5oó; up to Smm size; rounded to ovoid;

il1T. p"-i"'ly rirr". b sarnet srains or mafic miclgT:__

rafts of adjacent metasedimentary host: up to 300Á; cm- to dm-scale,
rounded to ovoid; irregular boundaries; sometimes conta¡n stringer sulphides
mafic mica grains: up to 20016 biotite, phlogopite, and/or chlorite; rounded
laths up to 1 cm long, oriented parallel to contact with metasediments
quartz and feldspar grains: up to 10olo; up to Smm size; rounded

up to 200lo; equant to
ovord eyes up to '1 cm

size

distal to (t - 60m from), and along
strike of, ultramafic body

Typical lnclusion Population

a) proximal to (< -20m from)
ultramafic body

b) proximal to (< - 20m from)
massive sulphides

up to 20o/o, equant to
ovoid eyes up to 1cm
size; also chain-like

mm-scale aggregates
producing mottled

texture W pyrrhotite

distal to (' -20m from) ultramafic
body and massive sulphides

na

na

Up to 350/0; equant
eyes up to '1 mm size

rafts of adjacent metasedimentary host: up to 30%; cm- to dm-scale,
rounded to ovoid; irregular boundaries; sometimes contain stringer sulphides
mafic mica grains: up to 200lo biotite, phlogopite, and/or chlorite; rounded
laths up to 1 cm long, oriented subparallel to contact with metasediments
quartz and feldspar grains: up to 100/o;up to Smm size; rounded

not observed

mafic mica grains: up to 20% biotite, phlogopite, and/or chlorite; rounded
laths up to 3mm long; randomly oriented
quartz and feldspar grains: up to 10o/o, up to 3mm size; rounded

na

na

na
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Evidence for shearing of the massive sulphide horizon can be seen throughout the

i C stratigraphic section. At the base of the ultramafic body, pentlandite porphyroblasts

are flattened and embayed, pyrite aggregates are segregated into mm-scale bands oriented

parallel to the foliation of the hosting metasediments (Figure 5.77, E,). Shearing is also

indicated in the well-foliated nature of the mineralized schists adjacent to the massive

sulphides (Figure 5.17, F). Further away from the massive sulphide horizon, non-

mineralized metasediments have a lesser degree of foliation (Figure 5 .17 , G and H).

5.4 Textural Variations Along Strike of a Deformed Ore Zone

The textures of the massive sulphides in the Thompson 1C type section preserve

several episodes of sulphide deformation and metamorphism (Figure 5.r7',86 Ez, and Es)

The degree of deformation of the massive sulphides is best preserved in the pentlandite

grains. The elongated and corroded pentlandite porphyroblasts in location E¡, Figure

5.I7, are interpreted to be the result of pentlandite exsolution from a cooling zss,

followed by flattening of the porphyroblasts. The ovoid porphyroblasts are oriented

parallel to the foliation of the hosting metasediments (Figure 5.17. E1), suggesting that a

shearing and/or compressional event may have occurred. The embayed nature of the

porphyroblasts suggests that the sulphides had not fully equilibrated after deformation.

The equant and chain-textured pentlandite grains in location E2, Figure 5.17, are

interpreted to have exsolved from ¡rzss after the sulphides were mobilized away from the

ultramafic sill Porphyroblastic growth of the pentlandite after mobilizationis inferred by

the presence of coarse-grained sulphide minerals enclosing foliated porphyroblastic mica

inclusions (<lmm to I cm)(Figure 5.17,E2).
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The sulphides in the massive ore at location E3, Figure 5.77, are interpreted to

have been milled or have undergone cataclasis. Evidence for cataclasis is suggested by the

fine-grained texture of both the sulphides and silicate inclusions; the undulating boundaries

of the sulphides; and the lack of orientation of the mica inclusions (Figure 5.77, E3). The

sulphide sample at location E¡ contains secondary pyrite grains that mimic the texture of

pentlandite grains, and in places look like overgrowths on pentlandite grains. The

occurrence of these pyrite "overgrowths" is common within massive sulphides from the

Thompson Mine. The cataclastic texture of the pyrite indicates that the pyrite formed

prior to the brittle deformation of the sulphides. The equant, equigranular texture of the

all the sulphide minerals at location E3 suggests that the deformed sulphides were

sub sequently recrystallized.
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Figure 5.17. Reflected light photomicrographs of typical sulphide-bearing samples
from a nickel ore zone in the lC ore body, Thompson Mine. Letter sl.rnbols in the
left-hand corner of all photomicrographs correspond to sample locations in Figure
5.16. Summary descriptions of the sulphide flpes are shown in Table 5.1.
Abbreviations: po:pyrrhotite, pnlentlandite, py:pyrite, mf=nagnetite. Darkest
phases in photomicrographs are silicates. (A) Disseminated sulphides in interior of
ultramafìc sill. Major silicate phase is pyroxene. Fibrous silicate phase is serpentine.
(B) Disseminated sulphides toward exterior of ultramafic sill, where serpentinization
is more pervasive.
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Figure 5.17 (continued). (C) Interstitial sulphides towards exterior of ultramafic sill,
where serpentinization prevails. (D) Massive sulphides with subangular inclusions of
altered ultramafic sill.
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Figure 5.17 (continued). (E1) Sulphides from the massive sulphide horizon, proximal
to ultramafic sill. Ovoid and embayed pentlandite porphyroblasts are associated with
pyrrhotite and foliated pyrite.

60



e .7.,!)!.::

4ç, ".:
::::::,!:., f:
,e,:¡. 

'¡

i?:'t.'

Figure 5.17 (continued). (E2) sulphides from the massive sulphide horizon, located
-100m along strike from ultramahc sill. Equant pentlandite porphyroblasts and
chain-textured pentlandite are associated with equant pynhotite grains. Dark grains
are foliated mica inclusions (E3) Milled sulphides within the massive sulphide
horizon, distal to ultramafic sill.

6t



Figure 5.17 (continued). (F) Nickeliferous sulphides hosted in well-foliated
sillimanite-biotite schist, proximal to massive ore. (G) Disseminated nickel-enriched
pyrrhotite (>0.2 wt% Ni) in weakly foliated biotite schist, more distal to (>-20m
away from) massive ore.
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Figure 5.17 (continued). (H) Disseminated nickel-barren pyrrhotite (<0.2 wt% NÐ in
foliated quartzite.
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CIIAPTER 6: SULPHIDE MINERAL CHEMISTRY

6.1 Chemistry of Pyrrhotite

Minerals of the pyrrhotite group are considered by Kissin and Scott (1982) to be

all iron monosulphides of the general formula Felr-,¡S (0 < r < 0 125) that posses the NiAs

(88) substructure (Carpenter and Desborough, 1964), however, the term "pyrrhotite" is

generally given to all members of the pyrrhotite group excluding troilite (FeS). Both

pyrrhotite and troilite have structures in which the metals occur in octahedral coordination

and anions in trigonal prismatic coordination. Layers of metals and anions occur parallel

to the basal plane; the metal atoms can be omitted to leave vacancies in the structure. The

pyrrhotite structure can allow for one-eighth of its Fe atoms to be omitted, giving rise to

an omission solid solution. Solid solution is complete at higher temperatures (>350'C),

where the vacancies are randomly distributed in the structure. At lower temperature, the

vacancies are ordered, resulting in the development of superstructures based on the \iAs

structure.

The best known of these superstructures is that of monoclinic pyrrhotite.

Mononclinic pyrrhotite exhibits a monoclinic symmetry, whereas hexagonal pyrrhotite

exhibits a hexagonal symmetry. In the field, monoclinic pyrrhotite is difücult to

distinguish from hexagonal pyrrhotite, except that monoclinic pyrrhotite is magnetic and

the hexagonal variety is not. Petrographically, monoclinic pyrrhotite can be distinguished

from hexagonal pyrrhotite after a thin section has been etched with an acid solution

(Naldrett and Kulleru d, 7967 , p a9l. However, it is not an advantage to etch and stain

samples that will ultimately be probed by EMPA and PD(E, as etching would result in
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alteration of the sample surface. In this thesis, the distinction between monoclinic and

hexagonal pyrrhotite is based on the atomic metal:sulphur ratio (M/S) of pyrrhotite grains

that were analyzed by electron microprobe.

The technique of using atomic NzI/S ratios to distinguish the pyrrhotite types was

used by Czemanske et al. (1992) in their study of magmatic sulphide ores from the

Noril'sk-Talnakh district, Russia. In their study, X¡VS ratios were calculated from electron

microprobe data, where monoclinic pyrrhotite \¡l/S : 0 858-0 883, hexagonal pyrrhotite

l¡I/S : 0 909-0 923, and troilite \4/S : 0 980-1.003. In this thesis, the work of Kissin

(1974), and Arnold (1971) are taken into account with Czemanske's data, to include

broader ranges of l\OS values for monoclinic and hexagonal pyrrhotite. The distinction

between the pyrrhotite types for this thesis is as follows:

Monoclinic pyrrhotite: l\4/S : 0 858 - 0 898

Hexagonal pyrrhotite: X,4/S : 0 899 - 0 996

Troilite: l,{/S: 0.997 - 1.000

Kissin and Scott (1982) summarized the phase relations involving pyrhotite below

350'C (Figure 6 1). These authors concluded that monoclinic pyrrhotite can form by

several ways in the pure Fe-S system: 1) continuous re-equilibration of pyrite and

pyrhotite as they cool from high temperature; 2) direct deposition in the stability field of

monoclinic pyrrhotite, 3) incomplete quenching of hexagonal pyrrhotite that is

oversaturated with respect to pyrite, resulting in the metastable formation of monoclinic

pyrhotite. The third explanation, observed in experimental work by Kissin and Scott

(1982) is unlikely in nature, as cooling would have to occur in a matter of hours. In the
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natural environment, the Fe-S system may be open to oxygen, as well as to sulphur.

Sulphurization could convert a hexagonal pyrrhotite to monoclinic pyrrhotite; however,

this process may be diffrcult to distinguish from the process of oxidation (Kissin and Scott,

1e82).

Nickel can occur in significant concentrations within hexagonal and monoclinic

pyrrhotite. Batt (1972) showed a correlation between the Ni content of pyrrhotite and its

structural form and magnetic susceptibility; electron microprobe anaþses of a

representative pyrrhotite sample from the Sudbury area showe d that magnetic monoclinic

pyrrhotite contained 0 4-05% Ni and the hexagonal paramagnetic phase contained 0.8-

0.9% Ni. Similarly, Vaughan et al. (1971) showed that hexagonal pyrrhotite grains from a

massive sulphide ore body in the Strathcona Mine, Sudbury, had about twice the amount

of Ni as monoclinic pyrrhotite (where the range of Ni concentrations in both pyrrhotite

types was 0.3-L0%). The consistently higher Ni concentrations in hexagonal pyrrhotite

were attributed to Ni having higher site preference for the hexagonal pyrrhotite co-

ordination site. In this same study, however, the highest Ni concentrations occurred in the

center of the ore body, where largely monoclinic pyrrhotite and only trace hexagonal

pyrrhotite was observed. This could indicate that, during the formation of massive

sulphide accumulations, conditions are more favorable for the formation of monoclinic

pyrrhotite over hexagonal pyrrhotite.

67



6.2 Chemistry of Variably Deformed Sulphide Minerals

The major element chemistry of the sulphide minerals within a massive sulphide

horizon from the Thompson 1C ore body was investigated. The sulphides in the massive

ore horizon shown in Figure 5. 16 record progressively higher degrees of deformation from

locations Er to E:. Figure 6.2 shows the relative distribution of the major cations (Fe, Ni,

and Co) in pentlandite grains from locations E1,F,2, andE3 in the ore horizon. With

increasing degree of deformation of the massive sulphides, there is an increase in Ni

concentration in pentlandite grains, accompanied by a decrease in Co concentration

(Figure 6.2). Table 6.1 shows that the milled pentlandite grains at location E3 (Figure

5 l6) have Ni/Co ratios that are an order of magnitude higher than non-milled pentlandite

grains located proximal to the ultramafic sill (location E1, Figure 5.16) Conversely, the

Ni/Co ratios of milled pyrite grains at location E: are an order of magnitude lower than the

ratios of foliated pyrite aggregates at location E1. These data suggest that, prior to the

recrystallization of the milled sulphides at location E3, Ni was upgraded in the pentlandite

grains and Co was expelled. Some of the Co that is released from pentlandite can be

taken up by coexisting pyrite, as Co commonly substitutes stoichiometrically in the pyrite

lattice (Huston et aL.,1995). The data demonstrate that increasing Ni/Co ratios in

pentlandite grains from a massive sulphide horizon could reflect increasing degrees of

sulphide remobilization andlor recrystallization.

Figure 6.3 shows the relative distribution of Fe, Ni, and S in pentlandite grains

from the Thompson 1C ore body. Pentlandite grains show an increase in Ni concentration

with increasing serpentinization of the ultramafic host rock, and with increasing degree of

deformation of the massive sulphide ore. Figure 6.4 shows a similar increase in Ni
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Fe (wt%) 40 Co x 10 (wt%)

location A: disseminated grains in ultramafic sill

location C: interstitial grains in ultramafic sill

location E1: ovoid porphyroblasts, proximal to ultramafic sill

location Er: equant porphyroblasts, distal to ultramafic sill

location EU: milled porphyroblasts, distal to ultramafic sill

Figure 6.2. Relative concentrations of Fe, Ni, and Co in pentlandite grains from a range of sulphide types
from the Thompson lC ore body. Locations A to E refer to the sample locations shown in Figure 5.16. All
sulphide types are described in detail in Table 5.1.
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Table 6.1 EMPA data of sulphide minerals (pn = pentlandite, po : pyrrholite, pt, : pyrite) in samples fro¡r
the Thompson 1c ore body. Relative location of samples shorvn in Figure 5. 16.

Location
in Figure sampte Name Minerat s (wt%) Fe (wt%) co (wt%) Ni (wt%) Ni/co

516

E1 DM98-'lC-07
DM98-1C-07
DM98-1C-07

pn

pn
33.1 I
33.28
33.00

31.24
31.30
30.73

0.41

0.47
0.39

35.09
34.86
35.73

85.31
74.68
90.57n

average

DM98-1C-07
DM98-1C-07
DM98-1C-07

33.1 6 31.09 042 35.23 83.52

po

po
39.29
39.30
39.05

60.36
60.22
60.49

0.04
0.03
0.05

0.27
0.32
0.40

6.71
12.69
7.81

average

DM98-1C-07
DM98-1C-07
DM98-1C-07

39.21 60.36 0.04 0.33 9.07

pv

pv
53.13
52.82
52.80

45.84
45.46
44.78

0.64
0.77
1.90

0.35

0.86
0.42

0.56
1.11

0.22
average 52.92 45.36 1.10 0.54 0.63

pn

pn

E3 JL98-1C-20
JL98-1C-20
JL98-1C-20

33.06
32.92
32.94

30.57
30.51
30.49

0.14
0.12

0.12

36.02

36.35
36.27

251.36
314.35
301.83

average

JL98-1C-20
JL98-1C-20
JL98-1 C-20

32.98 30.52 0.13 36.21 289 18

po

po

po

39.51
39.40
39.52

60.08
60.30
60.08

0.06

0.06
0.02

0.25

0.24

0.32

4.18
3.69

14.89
average

JL98-1C-20 py
JL98-1C-20 py

39.48 60.15

53.00 45.88
52.90 45.49

0.05

0.93

1.48

0.27

0.05

0.03

7.59

0.06

0.02
JL98-1C-20 py 52.87 45.55 1 .48 0.0S 0.03

average 52.92 45.64 1.29 0.04 0.04

10



S (wt%)

ation of host ultramafic sill

increasing degree of
deformation of
massive sulphides

Fe (wt%) 40 30 Ni (wt%)

location A: disseminated grains in ultramafic sill

location C: interstitial grains in ultramafic sill

location E.,: ovoid porphyroblasts, proximal to ultramafic sill

location Er: equant porphyroblasts, distal to ultramafic sill

location Er: milled porphyroblasts, distal to ultramafic sill

Figure 6.3. Relative concentrations of Fe, Ni, and S in pentlandite grains from a range of sulphide types
fi'om the Thompson 1C ore body. Locations A to E refer to the sample locations shown in Figure 5.16. Alì
sulphide types are described in detail in Table 5.1.
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S (wt%)

50
tncreast
of host

30
40

degree of deformation
lphides

40

Fe (wt%) Ni x 100 (wt%)

O location A: disseminated grains in ultramafic sill

V location C: interstitial grains in ultramafic sill

tr location E1: ovoid porphyroblasts, proximalto ultramafic sill

O location Er: equant porphyroblasts, distal to ultramafic sill

a location E3: milled porphyroblasts, distal to ultramafic sill

Figure 6.4. Relative concentrations of Fe, Ni, and S in pyrhotite grains from a range of sulphide types
from the Thompson 1C ore body. Locations A to E refer to the sample locations shown in Figure 5.16.
Pyrrhotite grains from location A are hexagonal; all other grains are monoclinic. All sulphide types are
described in detail in Table 5.1.
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concentration in pyrrhotite grains co-existing with the pentlandite grains. Notably,

pyrrhotite grains from the interstitial and massive sulphides of the lC ore zone were all

monoclinic, while pyrrhotite grains that were disseminated in the ultramafic sill were

hexagonal.

There may be a change in the structure of pyrrhotite upon the formation of massive

sulphides, i.e. from hexagonal pyrrhotite in the ultramafic host to monoclinic pyrrhotite in

interstitial and massive accumulations. This change from hexagonal to monoclinic

pyrrhotite may be the result of metamorphic and/or metasomatic processes accompanying

massive sulphide formation. According to Kissin and Scott (1982), sulphurization or

oxidation could convert hexagonal pyrrhotite to monoclinic pyrrhotite. In the Thompson

1C type section, pyrite occurs proximal to the ultramafic sill as aggregates that are

oriented parallel to stress-induced foliation (Figure 5.77 , Eù. The pyrite could have

formed during an increase in sulphur fugacity or oxidation of pyrrhotite. The lack of

magnetite occurring with the sulphides suggests that oxidation was not a dominant

process, and that sulphurization of pyrhotite most likely produced the pyrite. The

oriented nature of the pyrite could indicate that S was mobilized into the ores by fluids

travelling through stress-induced weaknesses in the deposits. The embayed nature of the

sheared pentlandite grains in Figure 5.17 , E¡ as well as the pyrite-poor halo around the

pentlandite grains (Figure 5.77,8y), may indicate that both Ni and S were mobilized from

the massive ore proximal to the ultramafic sill. These observations support the suggestion

that fluid-assisted mobilization of metals may have occur¡ed in the massive sulphide

deposits (Marshall et aL.,2000)
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6.3 Diffusion of Nickel

During re-equilibration of massive sulphides that are cooling from high

temperatures, diffi;sion of Ni can occur on a microscopic scale. Mceueen (19g7)

concluded that rapid diffi;sion rates facilitate sulphide deformation during metamorphism

above 500'C. During post-peak retrogression, solid-state diffi:sion of metals can occur as

sulphides re-equilibrate. Electron microprobe analyses across an equant pentlandite

porphyroblast from a metasediment-hosted massive sulphide horizon in Thompson show

that pyrrhotite that is most proximal to the pentlandite porphyroblast is enriched in Ni

(Figure 6.5). Nickel concentrations in pyrrhotite can vary by 0.3 w%o within 50 pm of the

pentlandite porphyroblast. This local Ni enrichment in pyrrhotite suggests that solid-state

diffirsion of Ni has occur¡ed during cooling and re-equilibration of the sulphides.

Ni concentrations in pentlandite and pyrrhotite grains from an ultramafic sill

increase from the interior to the exterior of the body; this increase coincides with an

increasing degree of serpentinization in the sill (Figure s 6.2, 6.3 , and 6 4) The

introduction of metasomatic fluids to the exterior of the ultramafic sill likely caused the

serpentinization. The serpentinization could have facìlitated the release of Ni from the

mafic silicate phase and the subsequent incorporation of Ni into the disseminated sulphides

within the ultramafic sill (c.f Donaldson, M.J., 1981; Barrett et al., 1977).

Figure 6.6 shows the concentration of Ni in pyrrhotite grains from section I-I',

Figure 5 16 The sections shows a depletion of Ni in disseminated ultramafic-hosted

pyrrhotite grains relative to pyrrhotite grains in the adjacent massive sulphide horizon.

Figure 6.6 shows a similar trend in pentlandite grains co-existing with the pyrrhotite. The
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stark contrast in Ni concentrations between the ultramafic-hosted sulphides and the

massive sulphides may due to post-magmatic processes that enriched the massive ore in Ni

relative to the ultramafic-hosted sulphides. Alternatively, Ni could have been remobilized

from the disseminated ultramafic-hosted sulphides into the massive sulphides.

It is possible that post-tectonic diffi¡sion of Ni can occur across strike of an ore

zone. Electron microprobe analyses of pyrrhotite grains along section I-I' and section J-J'

(Figure 5. 16), shows that sediment-hosted pyrrhotite grains are enriched in Ni, such grains

are proximal to (within-20 metres of) the massive ore horizons (Figure 6 6 and 6.7). The

relationship between the concentration of Ni in pyrrhotite and its hexagonal or monoclinic

character is not entirely clear from the sections in Figure 6.6 and 6.7; however, monoclinic

pyrrhotite dominates over hexagonal pyrrhotite within the massive sulphide horizons and

within metasediments nearest to the massive sulphide horizons.

Ni enrichment in pyrrhotite (>0.2 wtyo Ni) coincides with a Ni enrichment in co-

existing pentlandite grains (Figure 6 6) The Ni en¡ichment in pyrrhotite also coincides

with increasing modal percentage of pentlandite. Notably, pentlandite in disseminated

metasedimentary sulphides is always associated with Ni-enriched pyrrhotite, and only

occurs proximal to the ore zone (within -20 m). Therefore, Ni enrichment around the

horizon is interpreted to be a local phenomenon. The observed Ni halo suggests that Ni

diffitsed away from the massive sulphide horizon and entered sulphide blebs within the

metasediments. Nickel may have been mobilized from the ore horizon to the

metasediments with the assistance of fluids. The presence of fluids is inferred by the

serpentinization of the ultramafic sill and the apparent sulphurization of the massive

sulphide horizon.
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6.4 Major Element Concentrations of TNB Sutphide Minerals (EMPA data)

6.4.1 Nickel in þrrhotite

Nickel concentrations in pyrrhotite from the Thompson, Birchtree, William Lake,

Bucko, and Soab North deposits were determined by electron microprobe analysis

(EMPA) (Appendix 3). Special care was taken to probe pyrhotite grains at least 50 pm

away from pentlandite porphyroblasts, in order to avoid those grains that may have

inherited Ni by solid-state diffirsion (see Figure 6.5).

Pyrrhotite grains in massive sulphide horizons within metasediments are shown to

be predominantly monoclinic. Analyses of monoclinic pyrrhotite grains from the

Thompson Mine indicate that pyrrhotite in massive and semi-massive sulphides hosted in

metasediments (MS-SED, and SMS-SED, respectively) are enriched in Ni in comparison

to pyrrhotite that is disseminated in metasedimenrs (DS-SED)(Figure 6 8). MS-SED

pyrrhotites range from0.24-1.11wt% Ni and SMS-SED pyrrhotites range from 0.31-0 9l

wt% Ni. Pyrrhotite grains in sulphide class DS-SED contain up to 0.77 wt% Ni. DS-

SED pyrrhotites from samples that contain I - 5 modal% sulphides, and are located less

than i metre away from massive sulphide horizons, have Ni concentrations that overlap

those of MS-SED and SMS-SED. These data could indicate that Ni enrichment in

disseminated pyrrhotite grains may be a function of their proximity to massive sulphide

horizons. Comparison of data from William Lake, Bucko Lake, and Soab North show

that monoclinic pyrrhotite grains from these localities have ñ concentrations that fall

within the range of the Thompson massive sulphides (0.24-l.tI wto/o Ni) (Figure 6.9)
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In sulphide class MS-UB (massive sulphides in ultramafic breccia), monoclinic

pyrrhotite grains predominate over hexagonal grains. Monoclinic pyrrhotites from

William Lake contain elevated Ni concentrations (0 69-0.80 wt% NÐ in comparison to the

Thompson and Birchtree pyrrhotites (0.12-0.50 wr% Ni) (Figure 6 l0).

Both monoclinic and hexagonal pyrrhotite grains from sulphide class DS-U

(disseminated sulphides in ultramafic rocks) show increasing Ni concentrations with

increasing sulphur (Figure 6.1 1). The highest Ni concentrations in pyrrhotites from this

category occur in hexagonal grains from the William Lake and Birchtree deposits (>-0.50

\À¡t% NÐ. The lowest Ni concentrations occur in monoclinic grains from the Thompson

deposit (<0 50 wt% ND

The Ni tenors of pyrrhotite grains from William Lake remain elevated in sulphide

classes DS-U, MS-UB, and MS-SED (>0 30 wt% NÐ. These data show that, atWilliam

Lake, pyrrhotites from massive sulphides are similar in character to the disseminated

sulphides in the ultramafic sills. Birchtree pyrrhotites appear to lose Ni in the transition

from disseminated ultramafic-hosted sulphides (DS-U) to massive breccia sulphides (MS-

IIB). Thompson pyrrhotite grains, on the other hand, appear to increase in Ni tenor in the

transition from disseminated ultramafic-hosted sulphides (DS-U) to massive sulphides

(MS-SED).
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6.4.2 Ni and Co in Pentlandite

Based on isothermal and controlled cooling experiments on rnss by Durazzo and

Taylor (1982), pentlandite grains occurring as equant blebs, or as chainJike aggregates

along the boundaries between annealed pyrrhotite grains (e.g. Figure 5.I7 , E2), form from

mss that cools from temperatures between 610'-250"C. At temperatures below Z1O"C,

the lower diffi-lsion rates of Fe and Ni may prevent continuous re-equilibration, and

produce higher degrees of supersaturation than were possible at higher temperatures

(Durazzo and Taylor, 1982). Coarsened linear pentlandite, which includes wedges and

elongated aggregates developed along one direction within the mss matrix, exsolves from

rnss between 250o-150oC. Thin, fine-grained, linear pentlandite, commonly referred to as

pentlandite "flames" (e.g Figure 5 5 b) exsolves at 150"C or slightly below. The

occurrence of a combination of these pentlandite textures within a sulphide sample may

indicate several generations of equilibration within the history of an orebody. The above

textures have been observed in various combinations and abundances throughout the

Thompson Nickel Belt deposits. These observations indicate that the sulphides in these

deposits have undergone a complex equilibration history, with several generations of

melting and cooling.

When pentlandite grains were analysed by electron microprobe, results were not

categorized in terms of the pentlandite textures (e.g. chains, eyes, or blebs), rather, the

results were categorized in terms of the classification scheme in Section 5, and in terms of

the ore body from which they were collected. Microprobe analysis of flame-textured

pentlandite was avoided, as the Fe and Ni from hosting pyrrhotite grains often obscured
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the metal concentrations in pentlandite. Care was also taken to avoid cracks in

pentlandite.

Nickel tenors of pentlandite grains from the TNB deposits (Figures 6.12a, 6.13a,

and 6.i4a) show similar trends to the Ni tenors of co-existing pyrrhotite grains (Figures

6.9,6.10, and 6 I l). Pentlandite grains in massive sulphides from several TNB deposits

have Ni tenors ranging from -34 to 38 wt%o Ni (Figure 6.12a). William Lake pentlandites

from sulphide class MS-tlB contain elevated Ni concentrations (-38 wt% Ni) in

comparison to the Thompson and Birchtree pentlandites (-33 to 35 wtYo Ni) (Figure

6.13a). William Lake and Birchtree pentlandites from sulphide category DS-U are

chancterized by high Ni tenors (>35 wt% Ni), while Thompson pentlandites have

relatively lower Ni tenors (Figure 6.14a). Pyrhotite grains co-existing with the DS-U

pentlandites from William Lake and Birchtree also have high Ni tenors (Figure 6.I 1).

The Ni tenors of pentlandite grains from William Lake remain elevated in sulphide

classes DS-U, MS-I-IB, and MS-SED (>35 wt% NÐ These data further support the

suggestion that the William Lake massive sulphides closely resemble the character of

disseminated sulphides in the ultramafic sills. Birchtree pentlandites, like the coexisting

pyrrhotites, appear to lose Ni in the transition from disseminated ultramafic-hosted

sulphides (DS-U) to massive sulphides (MS-LIB). Thompson pentlandite grains show an

opposite trend, increasing in N tenor from disseminated ultramafic-hosted sulphides (DS-

U) to massive sulphides (MS-SED).

Ni/Co ratios of pentlandite grains further distinguish the chemical character of the

TNB deposits. As shown in Chapter 6.2, Thompson pentlandites that were subjected to

higher degrees of deformation showed increasing Ni concentrations and decreasing Co
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concentrations. Thus, more progressively deformed pentlandite grains have higher Ni/Co

ratios than their less deformed counterparts. The massive sulphides from Thompson 1D

ore body and Bucko Lake have the highest Ni/Co ratios among the TNB deposits (>100)

(Figure 6.12b). Given that the Ni concentrations in the pentlandites from the lD ore body

and Bucko Lake are within the same range as the other deposits (Figure 6.12a), the high

Ni/Co ratios can be attributed to relatively lower Co abundances in the two deposits. It

can be argued that the lower Co abundances reflect an initially low magmatic Co

concentration. However, given the extent of deformation in the Thompson 1D ore body,

it is possible that the 1D pentlandites have experienced a loss in Co due to deformation.

The Bucko pentlandites, although also deformed, are quite distinct from the other TNB

ores in that they are hosted in Archean basement gneisses, and not in Ospwagan Group

metasediments. The high Ni/Co ratios in Bucko ore may therefore be a function of the

interaction between the parent magma and the host rocks.

In sulphide class MS-IIB, pentlandite grains from the William Lake deposit are

characterized by elevated Ni/Co values (-100 to 200) in comparison to the Birchtree and

Thompson ores (<100) (Figure 6 l3b). However, in sulphide class DS-U, William Lake

pentlandites have Ni/Co ratios that fall within the range of Thompson pentlandites (35 to

80)(Figure 6 I4b).

In samples from the Thompson Mine, Ni/Co ratios and Ni tenors from pentlandites

in ores proximal to the ultramafic hosts (MS-UB)(Figure 6.13) were markedly lower than

those ratios from their distal equivalents (MS-SED)(Figure 6.12). These data further

support the theory that the more deformed or attenuated ores have higher Ni/Co ratios

and higher Ni concentrations in comparison to less deformed ores (refer to Section 6.2).
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In all sulphide classes (DS-U, MS-llB, and MS-SED), Ni/Co ratios for pentlandite

grains from the Birchtree Mine are the lowest of the o¡e bodies (<40) (Figures 6.Izb,

6.13b, 6 14b) These relatively low Ni/Co ratios are due to the fact that pentlandite grains

from Birchtree Mine are characterized by elevated Co values ( 1 .0 1 to 3 .28 wto/o Co) in

comparison to the other ore bodies (typically <1.00 wt% Co) (Appendix 3). The elevated

Co values in all the sulphide classes of the Birchtree deposit may largely be a function of

primary magma composition. However, the narro\¡/ range in Ni/Co ratios in Birchtree

pentlandites may be a function of the lower degrees of deformation in the Birchtree

deposit relative to the Thompson deposit.

6.5 Trace Element Concentrations in TNB Sulphide Minerals (PIXE data)

Trace element chemistry of sulphide minerals in 33 thin sections was determined by

proton-induced X-ray emission (PD(E) (Appendix 4). These thin sections represented

samples from Thompson Mine (1C and lD ore bodies), Birchtree Mine, and the William

Lake deposit.

Some general observations from the PD(E data are as follows:

. Zinc tends to be elevated in chalcopyrite (+7 to 505 ppmZn).

. Arsenic is concentrated in secondary subhedral to euhedral pyrite grains within

the massive sulphide ores (MS-UB, sMS-sED, MS-SED). Secondary pyrite

has been noted to occur with late paragenetic gersdorffite (NiAss) in the

Thompson ores, suggesting that As is brought into the system in the late stages

of ore formation and crystallizes in both pyrite and gersdorffite. Pyrite grains

analyzed in this study contained up to 409 ppm As.
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n Appreciable concentrations of Co also occur in secondary pyrite grains (up to

I.a% Co)

. No measurable quantities of platinum group elements were detected in the

sulphide minerals by PDG.

Selenium concentrations in pentlandite grains from TNB massive sulphides

increase with increasing selenium concentrations in co-existing pyrrhotite grains. This

correlation indicates that Se does not preferentially partition into any one sulphide mineral

in the pyrrhotite-pentlandite assemblage. There is a positive correlation between Ni and

Se in both pyrhotite and pentlandite grains from TNB massive sulphide ore (Figures 6.15

and 6.16). Pentlandite and pyrrhotite grains within massive sulphide ore from the

Thompson 1D ore body contain higher Se concentrations in comparison to the Birchtree,

lCorebody, andWilliamLakeores(Figures6.15 and6.16). Theelevated Sevaluesfrom

the lD ore body sulphide minerals may record a primary magmatic Se signature or an

upgrading of Se within the deposit.

6.6 Magmatic versus Hydrothermal Se Concentrations in Sulphide Minerals

Selenium data reported by previous workers (Hawley and Nichol, 1959; and

Jonasson and Sangster, 7975) show that Se contents in a given sulphide mineral vary

widely within and among individual ore deposits. These variations in Se concentration can

be attributed to the extent of hydrothermal activity that took place during deposition of

the ores.

Selenium contents in chalcopyrite from the Thompson Nickel Belt massive

sulphides range from about 14 to 48 ppm. Seleruum concentrations in chalcopyrite grains
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from other deposits are as follows: 33 to 165 ppm from nickeliferous copper sulphide ores

from Sudbury (Hawley and Nichol, 1959); 23 to 540 ppm from non-nickeliferous Cu-Fe-

Znhydrothermal replacement ores from Quebec (Hawley and Nichol, 1959); and 159 to

537 ppm from Canadian volcanogenic type ores of Archean and Proterozoic age

(Jonasson and Sangster,l975). It is important to note that the Se concentrations from

Hawley and Nichol (1959) were obtained by x-ray spectrographic analysis of mineral

separates, those from Jonasson and Sangster (1975) were also obtained from mineral

separates, but analysis was by a colorimetric method that utilizes the reagent ,3.3'-

diamino-benzidine. Selenium concentrations from the Thompson Nickel Belt were

obtained by PD(E The narrow range in Se concentrations from the TNB samples can be

partially attributed to the fact that PD(E is an in sllz method of analysis and, therefore,

involves less sample modification in comparison to the methods used by the previous

authors.

Selenium concentrations in pyrite from the TNB massive sulphides range from

about 7 to 57 ppm, compared to a runge of 25 to 60 ppm in pyrite from Sudbury ores, and

<15 to 1000 ppm in the Quebec ores (Hawley and Nichol, 1959)

Selenium concentrations in pyrrhotite from the TNB massive sulphides range from

about 13 to 6l ppm, compared to a range of 17 to 230 ppm in pyrrhotite from Sudbury

ores, and <15 to 595 ppm in the Quebec ores (Hawley and Nichol, 1959)

Selenium concentrations in pentlandite from the TNB massive sulphides range

from about 72 to 78ppm, compared to a rangeof 30 to 160 ppm in the Sudbury ores

(preliminary values, Hawley and Nichol, l95g).
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The highest Se concentrations in chalcopyrite, pyrite, and pyrrhotite (>500 ppm)

are those found in the non-nickeliferous copper ores of hydrothermal and volcanogenic

origin. The range of Se values for the TNB sulphides tend to be relatively low, leaning

toward a more magmatic signature. However, Se concentrations in pyrrhotite and

pentlandite grains from the Thompson 1D massive ores are elevated with respect to grains

in the massive ores from the Thompson 1C ore body, Birchtree Mine, and William Lake

(Figures 6 15 and 6.16). If fluid-assisted movement of Se is possible, as inferred by

Hawley and Nichol (1959), then elevated Se concentrations in the lD suiphide minerals

could record hydrothermal alteration of the lD ores.
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CIIAPTER 7: WHOLE-ROCK

BELT SULPIIIDES

GEOCHEMISTRY OF THOMPSON NICKEL

7.1 Ni Concentration of Massive Sulphides

In order to compare the metal concentration in samples with widely varying

sulphide contents and textures, it is appropriate to normalize the metal concentration to

100% sulphides (MacDonald and Cherry, i988) This normalization technique assumes

that the trace elements were incorporated into magmatic sulphides and that the original

magmatic sulphide assemblage consisted of monoclinic pyrrhotite, pentlandite (36 wt%

Ni) and stoichiometric chalcopyrite.

It is important to note that the normalization of element concentrations to IOO%

sulphides can be problematic in determining the amount of Ni in ultramafic rock samples

with very low weight percent sulphides. By normalizíngthe concentration of Ni in a

whole rock to the amount of S in that rock, one assumes that all the Ni resides in the

sulphide phases. However, in a serpentinized dunite or peridotite, Ni may reside in olivine

as well as pyrrhotite and pentlandite. If the total Ni concentration in such a rock is

normalized to the amount of S in that rock, then the entire rock will have an artificially

high Ni tenor, i.e. a high amount of Ni for the amount of sulphide present. Therefore, it

may not be very meaningful to assess the concentration of Ni (if normalized to l00yo

sulphides) in a weakly mineralized ultramafic body (< 1% S). It is more appropriate to

normalize Ni concentrations to IOOYo sulphide when comparing the Ni tenor of massive

sulphide samples, since the Ni will largely reside in the sulphide phases in these samples.
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7.2

The Thompson 1D massive ores have generally higher Ni tenors in comparison to

the Birchtree and Pipe ores (Figure 7.1). Whole-rock Ni concentrations in the ores show

a positive correlation with Ni concentrations in the sulphide minerals comprising the ores;

pyrrhotite and pentlandite grains from the sediment-hosted Thompson massive sulphides

contain higher Ni concentrations than the Birchtree breccia ores (Figures 6.1 and 6 4)

Ni/Co Ratios

Ni/Co ratios of ultramafic bodies associated with the Thompson, Birchtree, and

Pipe massive ores are very similar (mean :20 to 25) (Figure 7.2). However, the massive

sulphides specifically from the Thompson lD ore body have elevated Ni/Co ratios (24 to

113) with respect to the massive sulphides from Birchtree and Pipe (Birchtree: 6 to 64;

Pipe : 20 to 32) (Figure 7 3) The Birchtree and Pipe massive ores appear to have

retained similar ratios to their ultramafic host rocks. The higher Ni/Co ratios of the

Thompson ores are largely attributed to lower Co concentrations, as well as higher Ni

concentrations, in comparison to Birchtree and pipe ores (Appendix 5)

7.3 Se/S Ratios

Eckstrand et al. (1989) showed that Se/S ratios of the Thompson ores (-28 x 106

to ll0 x 106) resembled ratios of baren wall rock sulphides (-28 x 106 to 78 x t06) much

more closely than ratios of the mantle (-228 x 106 to 350 x iO6)(Figure 7 4). Thes e data

support the theory that the magma yielding the Thompson ores was contaminated by

baren sedimentary sulphides.
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Se/S ratios for massive and semi-massive sulphide samples from this study are

consistent with there being a sedimentary sulphur component in the ores of the Thompson

ID ore body, Birchtree Mine, and Pipe 2 deposit « 120 x 106
) (Figure 7.5). Thompson

massive ores have slightly elevated values of Se/S (~60 x 106
) in comparison to the

Birchtree and Pipe 2 ores (~40 x 106
), although there is considerable overlap in the Se/S

values. Figure 7.6 shows the Se/S ratios for ultramafic rocks associated with the massive

ores above. The similarity in Se/S ratios of the massive ores with the ratios of associated

ultramafic rocks suggests that the Thompson, Birchtree, and Pipe ores were largely

derived from ultramafic magma that was contaminated by sedimentary sulphides.

A striking distinction can be made between the William Lake W-22 ultramafic

body and its northern counterparts, based on Se/S ratios (Figure 7.6). William Lake Se/S

ratios (40 x 106 to 240 x 106
) are significantly higher than the Birchtree, Pipe, and

Thompson ratios (10 x 106 to 130 x 106
). This may suggest that William Lake ultramafic

rocks, particularly those from the W-22 ultramafic body, are more juvenile than the

Birchtree and Thompson ultramafic rocks.

7.4 Platinum Group Element (PGE) Concentrations

The chondrite-normalized cha1cophile-element plots of the Thompson and

Birchtree massive and semi-massive samples from this study show a distinct Pt depletion

(Figure 7.7). This Pt depletion is also shown in similar plots of the Pipe deposit by

Naldrett et al. (1979), and in plots of massive magmatic sulphide samples from the Pipe II

and Thompson deposits (Bleeker, 1990). The Pt depletion is anomalous for a magmatic

sulphide deposit, as it is even more depleted than the typically immobile Ir, Ru, and Rh.
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One would expect the concentration of Pt in the massive sulphides to fall between the

concentration of Rh and Pd (average ~125 ppb). The Pt anomaly in the massive sulphide

samples from this study can be quantified in the equation:

% Pt concentration below expected Pt concentration

= [(average observed Pt concentration - average expected Pt concentration) /

average observed Pt concentration] x 100

= (41.6 ppb - 125.8 ppb /41.6 ppb) x 100

= - 202% depletion in Pt

Chondrite-normalized plots of sulphide-bearing Birchtree, Thompson, and Pipe

samples (Figure 7.8,7.9, and 7.10, respectively) show that the Pt anomaly is only found in

massive sulphide samples; the disseminated and net-textured sulphides from the three

localities show no Pt anomaly. This Pt anomaly does not occur in spider plots of other

Proterozoic ultramafic-hosted sulphide ores, which include the predominantly net-textured

Donaldson and Katiniq ores from the Ungava belt, and the disseminated and net-textured

ores of the Bucko Lake deposit (Figure 7. 11); nor does the Pt anomaly occur in the

Archean ores of the Kambalda mining camp, which are predominantly net-textured (Figure

7.12).

The Pt anomaly in the Birchtree, Thompson and Pipe massive sulphides may

indicate that the Thompson Nickel Belt deposits may have been subjected to a different

series of metamorphic events in comparison to other ultramafic-associated are deposits.

The komatiitic rocks from the Kambalda mining camp have been metamorphosed to lower

amphibolite facies. In contrast to the Thompson Nickel Belt deposits, Kambalda are

consists of about 80% net-textured sulphides, while massive sulphide are is commonly
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absent (Naldrett, 1989). If the net-textured ores from Kambalda were subjected to the

same metamorphic events as the massive Thompson, Birchtree, and Pipe ores, then they

would have a negative Pt anomaly. However, this is not the case (see Figure 7.12). The

lack of a negative Pt anomaly in Kambalda ores, as well as the lack of massive

accumulations of sulphides, is consistent with the theory that the Kambalda ores were

metamorphosed in situ, with little post-metamorphic deformation (Barrett et al., 1977).

The occurrence of boudinaged ultramafic bodies and remobilized massive sulphide

horizons in the Thompson Nickel Belt deposits are a clear indication that the TNB ores

have undergone more severe deformational events than the Kambalda ores. Therefore, the

Pt anomaly in the TNB ores could possibly record post-magmatic modification (especially

deformation and/or metamorphism) of the massive sulphide ores.

Geochemical, data for massive mineralized sulphides in this study (Table7.l),

indicate that the Thompson 1D ores are chemically distinct from the other Thompson ores

and the Birchtree ores. The lD ore body has the highest PdÆt ratios, which average

92.90 (compared to30.29 in 1C samples,51.45inT1 samples,and24.22inBirchtree

samples). The lD samples also have the highest Pd/Ir ratios, which average 17.90

(compared to 3.83 in 1C samples,5.47 in Tl samples, and 1 69 in Birchtree samples). In

light of the fact that the rocks from the lD ore body have undergone extensive brittle

deformation, the elevated Pd/Pt and Pd/Ir ratios could further indicate some post-

magmatic modification of the massive ores from this part of the Thompson deposit.
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Table 7.1. Chalcophile element and PGE data for massive and semi-massive sulphides from the TNB, normalized to 100% sulphides.

sulphide

Sample class

Thompson lC ore body

JL98.1C-19A SMS-SED

JL98-IC-20 MS-SED

JL98.1C.25A MS-SED

JL98-1C-258 MS-SED

JL98.1C-25D MS-SED

vrl% wlYo ppb ppb ppb ppb ppb ppb

Ni Co lr Ru Rh pt pd Au

Thompson lD ore body

JL98-1D.07 MS-SED

JL98.1D-14 SMS.SED

JL98-1D-18A SMS-SED

JL98-1D-20 SMS-SED

8.57 0.15

8.40 0.11

7.36 0.15

7.53 0.17

9.22 0.21

Thompson Tl mine

JL98-T1-O9A MS-UB

JL98-T1.12 MS-UB

JL98-T1-19 MS-SED

JL99-T1-35 MS-SED

129 421 137 I 259

144 468 134 I 298

180 477 158 25 693

157 451 160 33 765

154 477 166 29 977

11.42 0.20

12.03 0.17

1 1.50 0.10

13.45 0.16

Birchlree Mine

JL98-BT.O2 MS-UB

JL98-BT-10 MS-SED

JL98-8T.15 MS-SED

JL98-BT-168 MS-UB

JL98.BT.2O MS-UB

102 127 148 I 1799 36

53 294 128 11 1162 55

156 249 186 494 2173 131

67 115 108 l8 1199 34

7.98 0.18

7.10 0.15

5.81 0.10

0.85 0.12

wt% v'r1%

CUS

4438539s10
24382921401
121 408 143 32 622 57

174 489 220 36 942 l9

4

14

11

21

16

5.11 0.21

4.3s 0.18

5.85 0.21

5.17 0.16

5.07 0.20

0.29

0.06

0.37

0.35

0.33

Pd/lr Pd/R Ni/Co Ni/Cu Pd/tr av

37.30

34.60

33.60

35.50

60 154 28 27 92 22

1249101200
65 169 32 3 143 5

37 115 25 3 61 1694

52 147 38 6 74 14

2.00

2.07

3.85

4.87

b.Jb

0.33

0.35

0.12

0.22

29.31

37.38

27.77

33.54

39.90

33.80

27.40

31.50

56.21

76.82

50.33

44.27

44.19

17 .71

22.12

13.93

17.86

29.34

131.02

19.73

21.78

28.O7

0.28

0.21

0.04

0.28

Pd/PI

AV

197.38

102.00

4.40

67.84

38.20

37.90

35.00

35.50

57.76

70.90

113.03

86.1 5

30.29

100.65

5.87

5.13

5.41

0.06

0.04

0.12

0.91

0.16

34.83

34.01

98.1 I
61.95

77 .11

82.98

19.54

26.17

37.30

37.70

33.30

32.60

37.00

17.90 92.90

44.78

46.18

55.41

7.O1

1.54

1.64

2.20

1.65

1.42

28.44

34.20

152.81

3.06

âât

32.25

49.63

t) Fo

13.28

5.47 51.45

(n=3)

24.22

23.83

27.70

31.94

25.53

83.81

99.25

50.06

5.67

31.55

1.69 24.22

tt4



7.5 Trace Element Concentrations

In addition to elevated platinum group element ratios, the Thompson 1D ores

contain As, Bi, and Pd concentrations that are an order of magnitude higher than the ores

from the Thompson lC ore body, Thompson Ti fold nose, and Birchtree Mine (Table

7.2). Arsenic concentrations in the lD ore body range from 411 to 510 ppm, compared to

34 to 97 ppm in lC samples, 13 to 114 ppm in Tl samples, and 8 to 96 ppm in Birchtree

samples. The elevated As in the lD samples correlates with the occurrence of

paragenetically late pyrite, which can contain up to 409 ppm As in the massive ores

(Appendix 4), and the occurrence of euhedral to subhedral grains of gersdorffite (NiAsS).

The rare mineralizaton of niccolite Q.{iAs) associated with gersdorffite has also been noted

in the Thompson ores (e.g. thin section T119 from the T1 Mine).

There is a positive correlation between Bi and Pd in the Thompson and Birchtree

massive sulphide samples (Figure 7.13). Bismuth concentrations are elevated in the lD

samples (28 to 41 ppm) in comparison to lC samples (1 to 5 ppm), T1 samples (4to 6

ppm), and Birchtree samples (0 to 2 ppm) Palladium concentrations are also elevated in

the lD samples (1162 to 2173 ppb) in comparison to 1C samples (259 to 977 ppb),Tl

samples (140 to 942 ppb), and Birchtree samples (20 to 1a3 ppb). The elevated Bi and Pd

concentrations in the 1D ores can largely be attributed to the late mineralization of Pd-

bearing bismuthotellurides, which were identified by scanning electron microscope (Figure

1.14). The exact composition of these minerals was not determined. The observed

bismuthotellurides are typically associated with pentlandite; however, they are also hosted
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Table 7 .2. Trace element data (un-norm a1ízed) for massive and semi-massive sulphides from the
TNB

Sample

Thompson 1C ore body

JL98-1 C-1 9A
JL98-1 C-20

JL98-1 C-25A

JL98-1 C-258
JL98-1 C-25D

sulphide

class

SMS-SED

MS-SED

MS-SED

MS-SED

MS-SED

MS-SED

SMS-SED

SMS-SED

SMS-SED

MS-UB

MS-UB

MS-SED

MS-SED

MS-UB

MS-SED

MS-SED

MS-UB

MS-UB

t¡vto/o

.l

33.30

37.30

34.60

33.60

35.50

39.90

33.80

27.40

31 .50

25200
24500
3'1 100

27600
32200

42200

31 500

26600

22600

22200

34300

24400
32000

22300

1 9000

23000

15700

17400

Se/S

756.76

656.84

898.84

821.43

907.04

1057.64

931 .95

970.80

717.46

ppb

Se

ppm

As

13

87

114

108

ppm

Bi

1

4

4

5

41

35

28

5

4

o

1

0

2

34

44

84

97

86

Thompson 1D ore body
JL98-1 D-07

JL98-1 D-1 4

JL98-1 D-1 8A

JL98-1 D-20

Thompson T1 mine

JL98-T'1-09A

JL98-r1-12
JL98-T1-1 I
JL99-T'1-35

Birchtree Mine

JL98-BT-02

JL98-BT-'10

JL98-BT-1 5

JL98-BT-1 6B

JL98-BT-20

38.20

37.90

35.00

35.50

37.30

37.70

33.30

32.60

37.00

581.1 5

905.01

697.14

901.41

597.86

503.98

690.69

481.60
470.27

49

34

71

96

82
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c

Figure 7.14. Bismuthotellurides in massive sulphides from the lD ore body, Thompson mine. a) pd-Bi-
Te-bearing mineral (white) in pentlandite. b) Bi-Te-bearing grain (white) in pentlandite. c) Bi-Te-bearing
grain (white) adjacent to gersdorffrte (light grey), in pentlandite.
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by pyrrhotite. In one sample, a bismuthotelluride mineral was observed in association with

euhedral gersdorfüte; both minerals were hosted by pentlandite (Figure 7.14c).

A comparison of trace element concentrations in the Thompson iD ore body,

Birchtree, and Pipe 2 massive sulphides show a positive correlation between Ni and As

(Figure 7.15), between Ni and Pd (Figure 7.76), and to a lesser extent, between Ni and Bi

(Figure 7.17). These data suggest that the same processes that redistribute and

concentrate As, Pd, and Bi may mobilize and concentrate nickel.
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CHAPTER. s: DISCUSSION

8.1 Metamorphic Textures in the TNB sulphides

The distribution of sulphide minerals in the massive ores from Thompson,

Birchtree, and William Lake (MS-UB and MS-SED) shows evidence of metamorphic

modification of the sulphides. In the Thompson Mine, particularly in the 1C ore body,

massive sulphide horizons that occur both proximal and distal to ultramafic sills commonly

consist of coarse-grained equant to ovoid pyrrhotite and pentlandite grains that are

segregated into cm-scale bands (e.g. Figure 5 13b). Massive sulphide ore bodies that have

undergone amphibolite facies metamorphism commonly show a pronounced planar fabric

defined by the segregation of pentlandite and pyrite-rich bands on a scale of millimetres to

centimetres (Barnes and Hill, 2000). Barrett et al. (1977) observed similar layering of

coarse-grained pyrrhotite and pentlandite in the massive ores of the Nepean Mine,

Western Austrialia. The authors attribute the banding to the segregation of more ductile

pyrrhotite from pentlandite during deformation of zss-poor ore, prior to peak

metamorphism. During peak metamorphism, the banded sulphides annealed, resulting in

equant grains of pyrrhotite and pentlandite. Deformation of pyrrhotite-pentlandite ore,

prior to peak metamorphism, is thus inferred for the banded ores of the Thompson

deposit.

The concentration of chalcopyrite along the contact between massive sulphide

horizons and the hosting metasediments is indicative of migration of Cu during

metamorphism, rather than fractionation during magmatic cooling (Barrett et al.,lg77)

The pyrite-chalcopyrite symplectites in the massive ores may be a result of cooling of a
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8.2

metamorphically generated sulphide phase. During metamorphism, chalcopyrite-rich areas

of the ore may have reverled to pyrite plus lss or a Cu-rich lss may have exsolved out of a

metamorphic Fe-Ni-Cu-S rzss, chalcopyrite may have then been re-formed by the reaction

of lss with pyrite at lower, post-metamorphic temperatures (Barrett et al., lg77).

The crystallization of euhedral to subhedral gersdorffite and pyrite among annealed

pentlandite and pyrrhotite grains show that these minerals crystalli zed,late in the

paragenetic sequence. These observations indicate that alteration of the massive ores

occurred prior to their final equilibration.

Discussion of Chalcophile Element Data

8.2.1 Platinum Anomuly in TNB Massive Sulphides

The Pt depletion in the Birchtree, Thompson, and Pipe massive ores (Figures 7.8,

7.9, and 7.10, respectively) indicates that Pt partitioned differently than the other platinum

group elements. The partitioning of Pt may be attributed to:

1) The fractionation of noble metals into specific sulphide minerals.

2) Fractionation of Pt and Pd under reducing conditions.

3) Metamorphic or metasomatic processes that mobilized Pt from the massive

ores.

Chyi and Crocket (1976) determined that, relative to pyrhotite, Pd and Au are

concentrated in pentlandite by a factor of -I4, and Pt and Ir are concentrated in

chalcopyrite by a factor of -6. The association of Pd and Au in pentlandite is attributed to

solid solution of these metals in pyrrhotite at magmatic temperatures, and diffi¡sion of the

metals into pentlandite at reiatively low subsolidus temperatures. The Pt and chalcopyrite
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association suggests that Pt tends to fractionate in a Cu-rich magmatic liquid. The Pt

anomaly could be related to the Cu-poor nature of the ores; evidence for what might be a

complementary fractionated Cu-rich (andlor Pt-rich) magma has not been found in the

Thompson region. However, if both Pt and Ir preferentially migrate with Cu, a negative Ir

anomaly would likely occur with the negative Pt anomaly. Although a few of the

Thompson massive sulphide samples seem to have a small negative Ir anomaly

accompanying a negative Pt anomaly (Figure 7.9), the majority of the samples oniy show a

Pt depletion. Therefore, the Pt anomaly in the Thompson, Birchtree, and Pipe samples

may not necessarily be associated with the fractionation of a Cu-rich magma.

Experimental data from Bezmen et al. (1998) indicate that Pd and Pt can

fractionate under strongly reducing conditions at magmatic temperatures. A decrease in

oxygen fugacity in equilibrium with a hydrous silicate melt results in a considerable

decrease in Pd solubility (Figure 8.1). Under the same conditions, the solubility of Pt also

decreases, but near magnetite-wustite buffer atX.rrzo = 0.1, the slopes of the solubility

curves for Pd and Pt diverge. This divergence is caused by the increase of water solubility

in a silicate melt in the presence of hydrogen. These data suggest that the solubility of pt

increases under reducing conditions. Given the occurrence of graphitic schists in the

Ospwagan Group stratigraphy, and the ubiquitous graphite in banded metasedimentary

sulphides, it is possible that the ores may have been formed under reducing conditions.

Incorporation of the graphite may have reduced the magma sufüciently to allow the Pt to

remain in the silicate fraction of the melt.
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It is also possible that Pt may have fractionated from the other PGE, particularly

Pd, due to metamorphic or metasomatic processes. The argument for this hypothesis is

presented in the following three sections.

8.2.2 Effict of R Factor on the Distribution of chalcophile Elements

The range of chondrite-normalized metal concentrations for the Birchtree,

Thompson, and Pipe massive sulphide samples is an order of magnitude lower than that of

the other Archean and Proterozoic magmatic sulphide samples (Naldrett, 19S9). Naldrett

et al. (1979) attributed the significantly lower amounts of Cu, Ni, PGE, and Au in the Pipe

deposit in comparison to other komatiite-related ores to a low magma/sulphide ratio (A

factor) for Pipe ultramafic magma. That is, upon intrusion of the Pipe ultramafic sill, a

high proportion of sulphide reacted with a relatively small amount of magma. This is

consistent with the hypothesis that Pipe ores are the product of the localized assimilation

of non-nickeliferous country-rock sulphide by a sulphide-undersaturated magma (lrlaldrett

et a|.,I979).

The R factor model (Campbell and Naldrett, I9l9), accounts for the fact that a

metal will have a distribution coefücient (D) for the partitioning of that metal between an

immiscible sulphide liquid and a silicate melt. If two metals have similar values ofD, then

variations inA would cause variations in the absolute levels of metals in sulphide ore

without changing the ratio of one metal to the other greatly. However, if the two metals

had greatly differing values in D, then variations in R would cause the ratio between the

two metals to vary significantly (Figure 8 2). Distribution coefficients (r)suÞhide/silicu'") fo,

t27



Volue given by concenlro lion in

in itiol concentro tion
melt (X)*O

sulfide melt =

ìn silicote

+- Log ( Mogmo / Sulfide ) Rorio ---------+

High Log R Low

Figure8.2. Schematicrepresentationoftherrariationoftremetalcontentofasulplúdemeltasafu¡ctjon
of R (rnagrna/sulphide ratio) and D (Nemst distribution coefficient) (from Naldrett, 1989).

¿-

\o

\ó;

L
.ol\¿\o

I

I

(¡)
-'tf,

=
o

t
P
c
o
U

-9
q)

¿

128



various chalcophile elements in natural and experimental mafic and ultramafic systems are:

Dr.ri: 100-840, Dcu:50-1400, Dco:5-100 (Lesher and Stone, 1996). Recent

experimental data from Barnes and Maier (1999) show that average distribution

coefücients for Pt and Pd are'. Dp¡: 104, and Dp¿ : l0a. Because Pt and Pd partition into

a sulphide melt much more readily than Ni, Cu, or Co, a low À factor for the Pipe deposit

would result in a significant depletion in Pt and Pd. This is based on the assumption that

the distribution coefficients for Pt and Pd are correct.

According to mass-balance calculations assessing the effect of mixing magmatic

sulphides with sedimentary sulphides, as outlined by Bleeker (1990, p 322-32g), the

Ni/Co ratio of massive magmatic sulphides exponentially increases with increased mixing

of barren sedimentary sulphides and magmatic sulphides. This increase in Ni/Co ratio is in

accordance with the fact that Ni, being more chalcophile than Co, will tend to enter an

evolving sulphide liquid whereas Co will tend to stay in the parent silicate magma. Thus,

if two massive sulphide bodies of similar texture and lithological association had different

Ni/Co ratios, one could argue that the magmas that produced these two massive bodies

had incorporated different amounts of sedimentary sulphides. For example, the Ni/Co

ratios of Birchtree ores and Thompson T1 fold nose ores that are classified as MS-LIB

(massive sulphides in ultramafic breccia) are compared here. These breccia ores, which are

proximal to their presumed ultramafic host rocks, are interpreted to be the best-preserved

massive magmatic sulphides among the rocks sampled in this thesis. Birchtree breccia

ores have Ni/Co ratios ranging from24 to 32 (samples JL98-BT-02, JL98-BT-168, and

IL99-BT-20, Table 7.1), while Thompson T1 fold nose ores have Ni/Co ratios of -45

(samples JL98-T1-09A and IL98-T1-12, Table 7.1). These data suggesr rhat rhe
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Birchtree ores may have less of a sedimentary sulphide component than the Thompson

ores, i.e. a lower A factor.

The Birchtree and Thompson deposits can be further distinguished based on Ni/Co

ratios of pentlandite grains from category DS-U (disseminated sulphides in ultramafic

rocks). In disseminated sulphides with the assemblage pyrrhotite-pentlandite-magnetite,

Co will partition into pentlandite, provided that pyrite is absent. Birchtree pentlandite

grains in such an assemblage have Ni/Co ratios ranging from 6 to 27, while Thompson

pentlandite grains in a similar assemblage have Ni/Co ratios ranging from 38 to 54

(Appendix 3). The marked difference between the Ni/Co values can be partially attributed

to the fact that Birchtree pentlandite grains have I to 2 wo/o Co, while Thompson

pentlandite grains have <1 wtYo Co. The low Ni/Co ratios in the Birchtree pentlandites

could further indicate that the Birchtree magmas incorporated less sedimentary sulphide.

Alternatively, these data could indicate that 1) the Birchtree magma is more fractionated

than the Thompson magma, or 2) Thompson sulphides were enriched in Ni by

metamorphic processes.

8.2.3 Platinum Group Element Ratios

Although the R factor model could partially explain the profile of the PGE plots

for the Pipe deposit, it may not be able to explain the high Pd/Pt ratios of the Thompson

and Birchtree massive ores (Table 7.1), compared to other massive sulphide deposits.

Average Pd/Pt ratios for predominantly disseminated and net-textured Proterozoic

sulphide ores (calculated from data compiled by Naldrett, 1989) are: Donaldson West,

3.76;Katrniq, 2.02; Bucko Lake,2.04. Average PdÆt ratios for predominantly net-
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textured Archean ores from the Kambalda mining camp (calculated from data compiled by

Naldrett, 1989) are: Lunnon. 1.22; Hunt, 0.91; Juan, 1.02; Fisher, 7.23; Long, 1.59. In

contrast to these disseminated and net-textured ores, average PdÆt ratios for massive and

semi-massive sulphide ores from Birchtree and Thompson range from24.22 to 92.90

(Table 7.1). Empirically, the differences in the PdÆt ratios between the massive ores and

the disseminated to net-textured ores seem to correlate with a difference in ore texture.

This textural distinction is further demonstrated in Figure 7 .8, which shows the

pronounced Pt depletion in Birchtree massive ores with respect to disseminated

ultramafic-hosted Birchtree ores.

Theoretically, since Pt and Pd have the same partition coefficients (-i04), then

PdÆt ratios for one magmatic sulphide deposit should be very similar to another magmatic

sulphide deposit, even if they were produced at different A factors. If both the

disseminated ores and the massive ores represent something approximating "primary"

magmatic sulphides produced in the same event, then all the above Pd/Pt ratios should be

similar (i.e., around 1.00 or 2.00). This assumption is based solely on the À factor model.

Platinum typically behaves similarly to Pd in magmatic sulphide melts, yet Pt has clearly

partitioned differently than Pd in the Thompson and Birchtree massive ores. This may

indicate that a non-magmatic process is responsible for the high PdiPt ratios. Given that

the Pt anomaly occurs only in the massive sulphides, and not in the ultramafic rocks of the

Thompson Nickel Belt, it is more appropriate to attribute the PdÆt ratios to metamorphic

andlor hydrothermal processes rather than "primary" magmatic processes.
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8.2.4 PGE as Discrmínants of Ore Genesis

The behaviour of Pd, in relation to other platinum group elements, particularly Pt

and Ir, could help distinguish hydrothermal versus magmatic signature of sulphide ores.

Barnes el al., (1985) showed that hydrothermal alteration mobilizes Pd, the most soluble

of the PGE. Sulphide ores from the Noril'sk deposit, believed to be magmatic ores that

have been modified by some late-stage hydrothermal activity, have PdÆt ratios of about 3;

the hydrothermal ores of the New Rambler Mine, Wyoming, have PdÆt ratios of about 18

(McCallum et al,, 1976). The enrichment of Pd relative to Pt in the New Rambler Mine is

attributed to the tendency of Pd to preferentially form solution complexes with volatile

elements (such as As, Sb, Te, and S) that fractionate to a low-temperature environment.

The predominance of bismuthotellurides in the New Rambler Mine is consistent with a

hydrothermal origin. Localization of the ore at the intersection of faults and shear zones

suggests that fluids from dilatant fractures may have effectively focused activity of the

mineralizing solutions.

Elevated Pd/Pt ratios for Thompson and Birchtree massive ores in this study

(ranging from -24 to 92) (Table 7. 1), compared to ores of hydrothermal origin (e g. Pd/Pt

: -18 at New Rambler Mine), may indicate that the Thompson Nickel Belt ores have been

hydrothermally altered. However, it is important to note that the high Pd/Pt ratios in the

Thompson Nickel Belt massive ores are largely the result of a pronounced depletion of pt

relative to all other PGE, more so than a pronounced enrichment of Pd in the ores.

Keays et al., (1982) showed that Pd and Ir can be used to discriminate whether

Australian Ni sulphide deposits associated with volcanic peridotites originated by a

magmatic process or an ore forming-process aided by fluids (e.g. volcanic-exhalative,
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hydrothermal/metasomatic, or metamorphic processes). The authors found that magmatic

Ni sulphides contain high Ir and Pd contents, consistent with the Ir and Pd contents of

their host rocks. In contrast, non-magmatic Ni sulphides contain extremely low Ir and low

Pd when compared to magmatic ores. For example, typical magmatic Ni sulphide ore

from Western Australia averages 1596 ppb Pd and 258 ppb Ir (normali zed to lO0 %

sulphides); the hydrothermal Ni sulphides from the Otway propect, Nullagine, Western

Australia average 76 4 ppb Pd and 0.8 ppb Ir. As Ir is an immobile element and is not

readily leached or transported from source rocks, non-magmatic ores have much higher

Pd/Ir ratios. The ores from the hydrothermal Otway prospect have an average Pd/Ir of

95.5, whereas ores from the magmatic Western Australian deposits have an average Pd/Ir

of6.i9.

8.3 Fluid-Assisted Migration of Metals

8.3.1 Alteratíon of Thompson 7D ores

Fluid-assisted alteration is inferred specifically for the massive ores of the 1D ore

body, Thompson Mine; these ores are interpreted to have undergone late brittle-ductile

deformation. Massive ores from the 1D ore body have elevated Pd/Ir ratios (-18) in

comparison to other areas in the mine (where Pd/Ir ranges from -2 to 4). Although Pd/Ir

ratios from unequivocal hydrothermal ores are typically >>20 (Keays et al., 1982), there is

a possibility that the originally magmatic 1D massive ores were modified by fluids.

The massive ores from the Thompson 1D ore body have slightly higher Se/S ratios

than the Birchtree and Pipe massive ores (Figure 7 .5) Hawley and Nichol (1959) showed

that Se-enriched copper sulfide ores in the Noranda deposit are interpreted to have
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acquired Se from vapors or later ore fluids during progressive fracturing and possibly

recrystalhzation. The higher Se/S ratios in the Thompson 1D ores relative to the other

Birchtree and Pipe ores may be the result of Se enrichment by late fluids. Alternatively,

the Se/S ratios could reflect a lower degree of S loss from the Thompson ores, leaving a

residual enrichment in selenium. The first explanation is most likely, as the sulphide

minerals comprising the 1D massive ores have elevated absolute concentrations of Se

compared to the minerals from other TNB deposits (Figures 6 15 and 6.16). These data

indicate that the sulphide minerals from lD became enriched in Se relative to S, rather

than depleted in S relative to selenium.

Elevated Pd and Bi concentrations in the Thompson 1D ore, corresponding to the

mineralization of Pd-bearing bismuthotellurides, could indicate fluid-assisted alteration of

the ore. The fact that the ores have significant concentrations of As, attributed to the

mineralization of late paragenetic phases like gersdorftite, niccolite and As-enriched pyrite,

further suggests the possible modification of the ore by fluids. These fluids could have

traveled through dilatant shear zones that prevail in that portion of the mine. Bleeker

(1990) noted that the As concentrations of the Thompson deposit are anomalously high

(>1000 ppm As) in samples that are associated with white vein quartz deposited along a

fault that runs subparallel to the ore in the Thompson 1C pit. Fluid migration along this

fault would have facilitated the mineralization of late paragenetic As-bearing phases.

The highly deformed Thompson lD massive sulphides contain the highest Ni

tenors among the deposits sampled in this thesis (Table 7 l). Deformation of massive

sulphide ore may facilitate the permeability of the ores to As-, Pd- and Bi-enriched fluids

that have complexed with nickei. With thermal metamorphism (above 300'C), Ni may be
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incorporated into recrystallizing sulphide minerals. Naldrett er al. (lg67b) showed that at

temperatures as low as 300oC, pyrrhotite can accept in excess of 15 wtYo Ni into solid

solution. These observations indicate that elevated Ni contents in rnss (e g 3 to 5 wL%)

do not necessarily indicate deposition at magmatic temperatures. The higher degree of

thermal metamorphism at Thompson, compared to Pipe and Birchtree (about 100 degrees

higher; Bleeker, 1990), may have facilitated the incorporation of higher amounts of Ni into

the sulphides comprising Thompson massive ore. As thermally metamorphosed sulphides

cool, sulphide minerals may recrystallize with higher Ni concentrations than were possible

before metamorphism.

Dillon-Leitch et al. (1986) found that dynamically metamorphosed rocks from the

Donaldson West Deposit, Cape Smith Belt, Quebec, contained platinum group minerals

and As-bearing minerals in late Cu-rich sulphide veins. The authors suggest that stress-

induced dissolution of the sulphides could have released elements (such as Cu, pd, pt, Sb,

Te, Au, Ag, Co, and As) that were transported hydrothermally and deposited in fractures.

Similar processes may have caused the deposition of late paragenetic phases such as

gersdorftite and Pd-bearing bismuthotellurides in the Thompson 1D ore body. The

elevated Ni, As, Bi, and Pd concentrations of the Thompson iD massive sulphides suggest

that areas subjected to extreme deformation, particularly those areas containing shear

zones and tension gashes, are most likely to facilitate the movement of metal-rich fluids

and the subsequent crystallization of high Ni-tenor ores.
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8.3.2 The Role of Deformation in Fluíd Movement

In high-strain domains, tectonized planar sulphide ore bodies are commonly

localized along major shear zones; these ore bodies can be up to 1-2 km from their original

ultramafic host. Examples of such highly deformed deposits are atPerseverance (Barnes el

al., 7988) and the Widgiemooltha Dome in Western Australia (McQueen, 1981a, 198 1b)

McCallum et al. (1976) showed that sheared metagabbros from the New Rambler Mine,

.Wyoming, 
contained significantly higher concentrations of PGE and base metals than their

unsheared counterparts. The authors attribute these observations to hydrothermal

leaching of PGE and base metals from gabbroic rocks and the redeposition of the metals

along shear zones to produce Pd- and Pt-rich sulphide ore.

Diffi;sion experiments show that S migrates much faster along fractures and in

areas of high porosity, in comparison to more massive parts of the sample. Barrett et al.

(1977) observed replacement of pyrhotite and pentlandite by pyrite along grain

boundaries in massive ore samples from the Juan Shoot, Western Australia; the authors

attributed this mode of replacement to the movement of S along grain boundaries by

vapour transport. The occurrence of pyrite lenses oriented parallel to the foliation of

deformed massive ores in the Thompson Mine is interpreted as the result of stress-induced

S diffiision. Fluids travelling along stress-induced zones of weakness in the Thompson

massive ores could have facilitated the movement of S in the deposits.

This study shows that disseminated ultramafic-hosted sulphides contain

predominantly hexagonal pyrrhotite, whereas associated massive sulphides contain

predominantly monoclinic pyrrhotite, a metamorphically-induced transformation from

hexagonal to monoclinic pyrrhotite is inferred. A sulphurization process could facllitate a
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conversion of hexagonal pyrrhotite to monoclinic pyrrhotite in the massive ore horizons of

the Thompson Mine. Furthermore, sulphurization or a similar vapour phase

transformation could possibly aid the mobilization and concentration of Ni in highly

deformed areas.

As illustrated in the 1C type section (Chapter 6.2), pentlandite grains from massive

ores that have undergone higher degrees of deformation have higher Ni/Co ratios than

their less deformed equivalents. Birchtree pentlandites from massive ultramafic breccia

ores are markedly low (lttri/Co < 40) in comparison to the Thompson lD pentlandites from

massive sediment-hosted ores (NilCo > 60) Furthermore, whole-rock Ni/Co ratios from

the Thompson lD massive ores are elevated in comparison to the Birchtree and Pipe ores.

These differences in Ni/Co ratios could reflect the higher degree of dislocation of the

Thompson ores from their parent ultramafic rocks.

The high Ni tenors of the Thompson 1D ores, in comparison to the Pipe and

Birchtree ores, may also be attributed to the more extensive remobilizationof the

Thompson ores from their ultramafic source. Some massive sulphide bodies in the

Birchtree Mine have Ni tenors as high as those in Thompson, but these are typically distal

from their ultramafic source (Gary Sorensen from INCO, pers. comm.). These

observations are consistent with the presumption that fluids travelling through permeable

pathways in attenuated ores can mobilize and redeposit nickel.

8.3.3 Compositional and Mineralogícøl Haloes

As shown in a type section from the Thompson 1C ore body, Ni concentrations in

pyrrhotite and co-existing pentlandite grains that are disseminated within ultramafic rocks
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increase with increasing serpentinization (Figures 6.3 and 6 4). Other authors have

documented this phenomenon. Donaldson (198i) showed that magmatic disseminated Ni

sulphide ores in dunites were significantly upgraded in sulphide Ni content with

serpentinization. Barrett et al. (1977) found that disseminated sulphides from the Yilgarn

Block, Western Australia, were more Ni-, Co-, and S-rich than co-existing sulphide-rich

ores. These authors attributed these data to the loss of Ni from the silicate phase and the

uptake Ni by the sulphide phase during serpentinization, combined with an increase in/oz

and fs2 during metamorphism.

In this study, metasedimentary pyrrhotite and pentlandite grains from the

Thompson 1C ore zone were enriched in Ni (>0.2 wt % NÐ within about 20 metres of the

ultramafic sill and within about 20 metres of the adjacent massive sulphide horizons

(Chapter 5.4). This Ni enrichment in pyrrhotite and pentlandite coincides with an

increased modal percentage of pentlandite in the metasediments. Monoclinic pyrrhotite

dominates over hexagonal pyrrhotite in the massive sulphides and in metasediments within

tens of metres of the massive sulphides. The Ni halo around the massive sulphide horizons

is therefore interpreted to be both compositional and modal.

During high-temperature metamorphism, new mineral assemblages and

metamorphic textures can be recognized around ore-masses. Syngenetic compositional

haloes around metamorphosed deposits have been studied. Nesbitt and Kelly (1980) and

Nesbitt (1982) showed that at the height of metamorphism, log,Æ, andlog./O2within the

orebodies at Ducktown, Tennessee, were -2.5 and-l8.5, respectively, whereas the values

in the country rocks were -7.0 and -21.4, respectively. Thes e data show that the ore
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bodies were more oxidizing and more sulphidizing than the host rocks, causing oxygen

and S to move from the ore to the adjacent rocks.

Work by Vaughan eÍ al. (1971) on pyrhotite grains from the Strathcona Mine,

Sudbury, showed that Ni concentration in both hexagonal and monoclinic pyrrhotites

inc¡eased toward the centre of the ore body and decreased toward top and bottom. Nickel

concentration in pentlandite grains from the same ore zone also increased toward the

centre of the ore body, accompanied by a decrease in Co concentration. The Ni

concentration of pentlandite is dependent on the activities of FeS and NiS in coexisting

pyrrhotite and pentlandite (Vaughan et al., l97l); âs ÍÌFes decreases and py¡hotite

becomes more S-rich, Ni concentration in coexisting pentlandite increases. Pentlandite

grains within metasediments in the Thompson 1C ore body contain increasing Ni

concentrations with increasing proximity to massive ore (Figures 6.6 and 6.7) These

observations may suggest that the metasediments hosting the massive ore experienced an

increase in sulphur fugacity during its crystalli zation history. This increase in sulphur

fugacity may facilitate the mobilizationof Ni from the massive ore to the metasediments,

and the subsequent crystallization of Ni-enriched metasedimentary sulphides.

8.4 Revised Model for the Thompson Nickel Belt Sulphides

A revised ore deposit model for the Thompson Nickel Belt deposits is presented

here to account for trends in the texture and the chemistry of the sulphides (Figure 8.3).

The stages listed below represent major events in the history of the deposition and post-

magmatic modification of the ores.
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Stage 1: Ultramafic magmatism associated with a rifting event led to the intrusion

of ultramafic sills into the Ospwagan Group metasediments. Based on the similarity in

Se/S ratios from the Birchtree and Thompson ores, the two deposits may have been

generated from a similar magmatic source. However, pentlandite grains disseminated

within ultramafic rocks from Birchtree have distinctly low Nì/Co ratios in comparison to

Thompson pentlandite grains of similar texture. This distinction in NTCo ratios could

indicate that: 1) the Birchtree magmas had a different composition from the Thompson

magmas, or 2) the Birchtree magmas had a lower R factor than the Thompson magmas.

Given the structural, lithological, and chemical similarities in the Birchtree and

Pipe deposits, both deposits are considered to have undergone similar magmatic

processes. The Pt depletion in massive sulphides from the two deposits, as well as the

Thompson deposit, could indicate that the ultramafic magmas that produced the massive

ores were intruded in reducing conditions. Such conditions would be encountered in the

graphitic units of the Ospwagan Group, thereby indicating that the ores may largely be

stratigraphically controlled.

The high Se/S ratios of the William Lake ultramafic bodies, in comparison to the

rest of the TNB bodies, suggests that the magmatic source for William Lake may have

been more juvenile than the sources that generated the Birchtree, Pipe, and Thompson

ores.

Stage 2: Folding and stretching of the massive møgmatic sulphides and

boudinage of the ultrømafic boudins, accompønied by high-grade metamorphism

(>600T).
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Upon mobilization of the sulphides from their ultramafic hosts, it is possible that

fluids, generated from the metamorphism of the ore zones, mobilized Ni along strike of the

ore horizon and away from the base of the ultramafic rocks. These metamorphic fluids

may have also caused Pt to partition from the other PGE; how the Pt partitioned, or where

the bulk of the Pt is residing in the mines is uncertain.

Birchtree and Pipe massive breccia ores are not as highly metamorphosed, nor

mobilized as far from their ultramafic host rocks as the Thompson massive ores. The

markedly higher Ni/Co ratios in the Thompson massive ores, in comparison to the

Birchtree and Pipe massive ores, may reflect a metamorphic enrichment of Ni in

Thompson relative to Birchtree and Pipe. However, these ratios may also reflect 1) a

difference in the initial compositions between Thompson and BirchtreeiPipe magmas, or

2) a difference in R factor. It is possible that the higher Ni tenor of Thompson ore,

relative to Birchtree and Pipe ore, is a result of both primary magmatic processes and

metamorphic alteration.

Stage 3: Late stage ductile-brittl.e deþrmation of the sulphides. The cooled (or

cooling) massive sulphides were locally concentrated into late tension gashes and shear

zones, and milled to finer-grained sulphides. Unsheared portions of the massive sulphide

horizons remain coarse-grained. In the Thompson 1D ore body, the extent of shearing

and brittle deformation appears to be on a mine scale, based on the predominance of fine-

grained sulphides in association with extreme brecciation of the host rocks in that part of

the mine. The Thompson iD ore body is interpreted to represent the most remobilized

sulphides in the Thompson structure, while the T1 fold nose area hosts the most preserved

or least deformed sulphides in the Thompson deposit. The elevated As, Bi, pd, and Ni

141



concentrations in the Thompson lD ore body, compared to the rest of the Thompson

Mine, suggest that the deposition of these elements is structurally and metasomatically

controlled.

Stage 4z Final cooling of the sulphides after a high temperqture metomorphic

event. Fine-grained, milled sulphides that were sampled from late tension gashes in the

Thompson deposit show evidence of recrystallization. These observations suggest that a

high temperature metamorphic event followed late ductile-brittle deformation of the

sulphides. During final cooling of the sulphides from high temperatures, the following

processes may have occurred:

. crystallization of Ni-enriched pyrrhotite and pentlandite in the most deformed

sulphides

o crystallization of late paragenetic bismuthotellurides and arsenic-bearing

minerals

o migration of Cu into stringers at the contacts between massive sulphide

horizons and metasedimentary hosts

. development of chalcopyrite-pyrite symplectite textures

. fluid-assisted diffi-rsion of Ni from massive sulphide horizons to the hosting

metasediments
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Figure 8.3. An ore deposit model representing the history of the deposition and post-magmatic
modificationofthe ores from the Thompson Nickel Belt. Stage 1: Ultramafic magmatism associated
with a rifting event led to the intrusion of ultramafic sills in the Ospwagan Group metasediments.
Stage 2: Folding and stretching of the massive magmatic sulphides and boudinage of the ultramafic
boudins, accompanied by high-grade metamorphism (>600 degrees celcius). Stages 3 and 4 are
continued on the following page. See text for further explanation.
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Figure 8.3 (continued). Stage 3: Late stage ductile-brittle deformation of the sulphides. Stage 4:
Final cooling of the sulphides after a high temperature metamorphic event, resulting in the
development of a nickel halo around massive sulphide horizons. See text for further explanation.
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CHAPTER 9: CONCLUSION

9.1 Summary

The chemical character of the deposits from the Thompson Nickel Belt has largely

been attributed to magmatic processes. However, textural and geochemical analyses of

the Thompson Nickel Belt sulphides show the following:

1. Metamorphic and metasomatic processes have modified the massive ores of the

Thompson Nickel Belt.

2. Nickel may be mobilized across strike of an ore zone by fluid-assisted diffirsion

on a scale of tens of metres.

3. Nickel concentrations in deformed massive sulphides can be upgraded by

metasomatic processes. Nickel may be complexed by As-, pd-, and Bi-

enriched fluids travelling through stress-induced weaknesses in deformed ores,

subsequently re-deposited in massive sulphides distal to ultramafic sills, and

incorporated into thermally metamorphosed sulphides.

The data presented in this thesis show that economic concentrations of sulphide ore in the

Thompson Nickel Belt are structurally, stratigraphically, and metamorphically controlled.

9.2 Implications for Exploration

Correlations between structural, stratigraphic, and chemical data are important in

assessing potential economic concentrations of sulphides in the Thompson Nickel Belt.

High Ni-tenor sulphides are found in the most complexly deformed and sheared parts of

the Thompson Mine, i.e. the lD ore body. These high Ni-tenor sulphides show elevated
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concentrations of As, Bi, and Pd (As > 300 ppm, Bi > 25 ppm, pd > 1100 ppb). These

massive sulphides also have the highest Ni/Co and Pdilr ratios in the Thompson Mine

(Ni/Co : 57-l13, Pd/Ir : 13-22). Elevated As, Bi, Ni/co, and pd/Ir in highly deformed

massive sulphide horizons within Ospwagan Group metasediments may indicate the

presence of high-grade Ni ore nearby. If this ore is located on a limb of an F: fold

structure, similar to the Thompson structure, it may be possible to locate large, relatively

lower Ni-tenor ores preserved in the fold nose (e.g. T1 Mine).

A Pt depletion in massive ores from localities other than the Thompson, Birchtree,

or Pipe deposits may indicate ore formation in a reducing environment, such a depletion

may indicate that the ore is located in a stratigraphic setting (especially within Ospwagan

Group metasediments) that is favourable for an economic deposit to occur. Alternatively,

the Pt depletion in massive sulphides may indicate that the sulphides underwent a

metamorphic or metasomatic process that allowed Pt to partition differently than the other

PGE. Whether stratigraphically controlled or metamorphically controlled, a Pt depletion

in a potential deposit may indicate a genetic link between that deposit and the ores of

Thompson, Pipe, and Birchtree mines.

According to this study, the Ni halo around sediment-hosted massive sulphide

horizons does not exceed a scale of tens of metres. Therefore, testing proximity to ore in

the metasediments of the Ospwagan Group using low-resolution exploration drilling data

may not be very feasible.
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APPENDIX 1: SUMMARY OF THIN SECTIONS

Abbreviations:

Sulphide classes:
. DS-SED : disseminated sulphides in metasediments
. DS-U : disseminated sulphides in ultramafic rocks
o IS-U : interstitial sulphides in ultramafic rocks
. MS-U : massive sulphides in ultramafic breccia
r BMS-SED : barren massive sulphides in metasediments
. MS-SED : massive sulphides in metasediments
o SMS-SED : semi-massive sulphides in metasediments

1s3



Sample

Thompson 1c ore body

JL98-'1C-10 garnet-sillimanite-biotitegneiss
JL98-1C-'11 garnet-s¡llimanite-biotitegne¡ss
JL98-1C-12 biotitequarÞ¡te(impure)
JL98-1C-15 biotitequarÞ¡te(impure)
JL98-1C-16 b¡otite-sillimanitegneiss
JL98-1C-19 semi-massive sulphide horizon in sill¡manite-garnet-b¡otite gneiss
JL98-1C-20 mass¡vesulphidehorizon¡nsillmanite-garnet-biotiteschist
JL98-1C-2'1 semi-massivesulph¡de¡nh¡ghlytectonizedb¡otite-sillimanitegneiss
JL98-'íC-22 biotitequarE¡te(¡mpure)
JL98-1C-23 garnet-biotite schist
JL98-'1C-244 mass¡ve sulphide horizon ¡n graphitic b¡ot¡te gneiss
JL98-1C-258 mass¡ve sulphide horizon in sillimanite-biot¡te schist
JL98-1C-25D massive sulphide hor¡zon in s¡il¡manite-biotite schist
JL98-1C-284 garnet-hornblendegne¡ss
JL98-1C-28C garnet-hornblendegne¡ss
JL98-1C-29 b¡otite gneiss
JL98-1C-30 semi-massive sulphide breccia ¡n garnet-b¡ot¡te schist
JL98-1C-31 biotite gne¡ss

JL98-1C-33 sìllimanite-biotiteschist
JL99-lC-35 massive sulphide ore

Thompson 'l D ore body

DM98-1C-02 serpentin¡zedper¡dot¡te
DM98-1C-03 serpentinizedper¡dot¡te
Dt\498-1C-04 serpentinizedperidot¡te
Dlvl98-'1C-05 serpent¡n¡zedperidotite
DM98-1C-06 serpent¡n¡zedperidot¡te
DM98-1C-07 massivesulphidehor¡zon
DM98-1C-08 garnet-biot¡tesch¡st
DN498-1C-09 garnet-biotiteschist
DM98-1C-1 1 b¡ot¡te schist
DM98-1C-12 biotitesch¡st
JL98-1D-01 garnet-biot¡tesch¡st
JL98-1D-03 biotite gneiss
JL98-1 D-04 biotite schist
JL98-1D-08 garnet-biotitequarÞ¡te(¡mpure)
JL98-1D-09 biot¡te gneiss
JL98-1D-11 silliman¡te-b¡ot¡teaugengne¡ss
JL98-1D-13A semi-mass¡ve sulph¡de band ¡n b¡otite gneiss
JL98-1D-138 silliman¡te-garnet-biot¡teschist

Rock Type % sulph

1

tr
1

tr

30

95

JU

4

2

80
85
85

10

I

50

tr

85

Diss

Diss, confined to biotitic layers

D¡SS

D¡ss

Diss

Semi-massive; sulph¡de stringers in host gne¡ss

Massìve

Semi-massive, interstit¡al

D¡ss

Diss

lvlassive

lVassive

Mass¡ve

D¡ss and str¡nger

Diss

Diss

Semi-massive breccia
Fol¡ated; stringer
Diss
Mass¡ve, W c.g. pn eyes

lnterst¡t¡a¡

lnterst¡t¡al

D¡ss

Diss

Diss

Mass¡ve

Diss
D¡SS

Diss

Diss

Diss
D¡ss, mostly conf¡ned to biot¡te sch¡st
D¡ss and str¡n9er

Diss; also sulphide ve¡ns
Diss and strìnger

Diss; locally patchy.

Semi-massive
Diss

Appendix 1

Sulphide Texture F¡eld lnterpretation of Prototl¡th

Metased¡ments.

Metased¡ments.

Metasediments.
l\4etasediments.

Metasediments.
Remob¡l¡zed sulphides in metased¡ments.
Remob¡l¡zed sulph¡des in metasediments.
Remob¡lized sulph¡des ¡n metasediments.
lvletasediments.

N4etasediments.

Remobil¡zed sulphides in metasediments
Remob¡l¡zed sulphides ¡n metased¡ments.
Remob¡l¡zed sulph¡des in metased¡ments.
Sulphidic ferruginous metasediments.
Sulphidic fetruginous metased¡ments.
Metasediments.
Remob¡l¡zed sulphides ¡n metased¡ments.
Sulphid¡c metased¡ments.

N4etased¡ments.

Remobilized sulphide in metasediments

Magmatic sulphides in um.
Magmatic sulphides in um.
lviagmatic sulphides in um.

Magmatic sulphides in um.

Magmat¡c sulphides in um.

Remob¡lized sulph¡des between metased¡ments and um.
lVetased¡ments

lvietasediments

Metasediments
Metased¡ments

Metased¡ments.

Metasediments.

Metasediments.
Metased¡mentsi also secondary sulph¡des.
Metased¡ments.

Metased¡ments.

Remobilized sulphides in metasediments
tvletased¡ments.

7

tr
tr

1

5

10

5
tr

60

1

Sulphide
C lass

DS-SED

DS-SED

DS-SED

DS.SED

DS-SED

SI\¡S-SED

N1S-SED

SMS.SÊD
DS.SED

DS-SED

lì/S-SED
MS-SED

MS-SED

DS-SED

DS-SED

DS.SED
SMS-SED

DS.SED

DS.SED

MS-SED

IS.U

ts-u
DS.U

DS-U

DS-U

MS-SED

DS-SED

DS.SED

DS.SED

DS-SED

DS.SED

DS.SED

DS.SED
DS.SED

DS.SED

DS-SED

SIVIS.SED

DS-SED
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Sample

JL98-1D-'14 semi-massive sulphide in b¡otite gneiss
JL98-1D-15 semi-massive sutphide in biotite gneiss
JL98-1 D-16 sem¡-massive sulph¡de ¡n biot¡te gneiss
JL98-1D-184 semi-massive sulphide ¡n biot¡te gneiss
JL98-1D-188 sillimanite-garnelbiotiteschist
JL98-1D-19 sulphide veins and stringers in sill¡manite-biotite schist
JL98-1D-21 garnet-biotitegne¡ss
JL98-1D-22 silliman¡te-biotiteschist
JL99-1D-35 massive barren sulphide horizon
JL99-1D-37 massivebarrensulphides
JL99-1D-38 massivebatrensulph¡des
JL99-1 D-39 massive barren sulph¡des

Thompson T1 M¡ne

JL98-11-04 sem¡-massivesulph¡deinserpent¡n¡te
JL98-T1-06 garnet-b¡otitegneiss
JL98-T1-07 massivesulphidebreccia
JL98-T1-09A massive sulph¡de band ¡n breccia zone
JL98-T1-098 serpentinizedperidotite
JL98-T1-10 serpent¡nized peridotite
JL98-T1 -1 1 net-teltured sulph¡de in metapyroxenite with ,lack straw texture,,
JL98-T1-12 massivesulphidebrecc¡a
JL98-T1-'13 serpentinite
JL98-T1-15 garnet-hornblendebiotitegneiss
JL98-ï1-16 garnet-hornblende gneiss
JL98-T1-19 massive sulphide horizon in biot¡te schist
JL98-T1-20 biotite gneiss
JL99-T1-25 massivebarrensulphide
JL99-T1-26 massivebarrensulphide

Birchtree Mine

JL98-BT-0'1 serpentinized peridot¡te

JL98-BT-02 massive sulph¡de vein in serpentinite
JL98-BT-03 serpent¡nite

JL98-BT-05 garnet-b¡otite sch¡st
JL98-BT-06 chlorite schist
JL98-BT-08 mass¡ve sulph¡de at contact w¡th serpent¡nite
JL98-BT-09 serpent¡n¡te
JL98-BT-10 mass¡ve sulphide body between serpentinite and biotite schist
JL98-BT-1 1 pyroxenite (altered to act¡nol¡te)
JL98-BT-12 hbld-bio schist
JL98-BT-13 ga-b¡o gne¡ss

Rock Type % sulph

60

60

50

2

75
50

Semi-massive
Semi-massive, banded
Semi-massive
Semi-massive
D¡ss

Veins and stringers
Diss and str¡nger

Diss and foliated
lvlassive

Massive

Mass¡ve

Massive

Semi-mãssivé
D¡ss and foliated.

lvlass¡ve sulph¡de breccial matrix to serpent¡n¡te clasts
Massive band

Diss
Diss.

N et-teltu re d

Mass¡ve

Diss and ¡nterstit¡al

Banded and stringer
Banded and stringer
Mass¡ve

Diss

lvlassive

fvlassive

Diss

Massive

Diss and ¡nterstitial

Diss
Diss
l\¡assive; diss and ¡nterst¡tial sulphide ¡n serpentinite
D¡ss

Massive

D¡ss and inteßt¡t¡al
Diss

Diss

Sulphide Texture

40
tr

80

90

10

25
80
15

20
80
1

Remobilized sulphides in metasediments
Remobilized sulphides ¡n metasediments.

Remobilized sulphides in metasediments.
Remobilized sulphides in metased¡ments.
lvletasediments.

Remobilized sulph¡des ¡n metasediments.
Metasediments.
Metasediments.
Remobilízed sulphides in metasediments
Remobilized sulphides in metased¡ments.
Remobilized sulphides in metasediments.
Remob¡¡ized sulphides ¡n metasediments.

Remobilized sulph¡des in um.
lVetasediments.

Remobilized sulphides ¡n um.
Remobilized sulphides ¡n um.
Magmatic sulphides in um.
Nlagmatic sulphides in um.
Recrystallized magmat¡c sulphides in altered um.
Remobilized sulphides ¡n um.
Magmat¡c sulph¡des ¡n um.
Sulphidic f errug¡nous metased¡ments.
Sulphidic fetrug¡nous metased¡ments.
Remobilized sulph¡des ¡n metasediments
Metasediments
Remobilized sulphide in metasediments
Remobilized sulph¡de in metased¡ments

Magmatic sulph¡des in um.
Remobil¡zed sulphides in um.

Magmatic sulphides ¡n um.

lMetasediments.

Metased¡ments.

Remobilized sulphides ¡n um.
Magmatic sulphides in um.
Remobilized sulph¡des ¡n um and metasediments.
lVagmatic sulphides ¡n um.

Metasediments
Metasediments.

F¡èld lnterpretat¡on of Prototlith

3

80

tr

90

tr
97

tr
2

Sulphide
Class

SI\4S.SED

SMS.SED
SMS-SED

Sl\,'lS-SED

DS-SED

SIVIS.SED

DS.SED

DS.SED

BMS.SED
BMS-SED

BI\4S-SED

BIvIS.SED

MS.UB

DS-SED

MS.UB

MS.UB

DS.U

DS-U

ls-u
IVS-UB

IS.U

DS.SED

DS.SED

IMS-SED

DS,SED

BMS-SED

BMS-SED

DS.U

MS.UB

IS-U

DS-SED

DS-SED

MS.UB

DS-U

N4S-SED

DS.U

DS-SED

DS.SED
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sample

JL98-BT-1 5

JL98-8T.1 6A

JL98.BT-1 6B

JL98-8T.1 8

JL98-BT-22

Bucko Lake

JL99-BU.O1

JL99.BU.O2

JL99.BU-04
JL99.BU-05
JL99.BU.O8

Soab North

JL99-SN.02
JL99.SN.O3

W¡ll¡am Lake

JL98.WL-06
JL98.WL-07
JL98.WL-09
JL98.WL-10
JL98.WL.11
JL98-WL-13
JL98-WL-14
JL98-WL-17
JL98-W1.18
JL98-WL.19
JL98-WL-2,I

JL98.WL-23
JL98.WL-24
J198.W1.25
JL98-WL.26
JL98.WL.3O
J198.W1.31
JL98.WL-32
JL98-WL-33
JL98-W1.34

massive sulph¡de hor¡zon in biot¡te schist
serpent¡nite at contact with massive sulph¡de
massive su¡phide at contact w¡th setpentinite
b¡otite-muscov¡te schist
net-textured sulphides ¡n per¡dot¡te

semi-massive sulph¡de stringers in pegmat¡te
massive sulphide horizon in plagioclase amph¡bolite and altered um
serpentinized dunite
serpentinized dunite
sem¡-massive breccia at contact between pegmat¡te and um

semi-massive sulphide breccia ¡n amphibolejich schist
semi-massive sulphide breccia ¡n amphibole-rich schjst

serpentinized peridot¡te

matrix sulphide to serpentin¡zed breccia
serpentinized peridotite
serpentinized pe¡jdotite
massive sulphide band in serpentinite and garnet_biotite gneiss
massive framboidal pyrite ¡n biotite gneiss and pegmatite
biotite gneiss
muscovite-biotite gneiss
semi-massive breccia in muscov¡te biotite gneiss
mass¡ve sulphide hor¡zon in muscov¡te-si¡l¡manite-biotite gneiss
biotite gneiss
biot¡te gneiss

serpentin¡te

talc schist
b¡ot¡te quarÞite (¡mpure)

massive sulphide horizon in biotite schist
massive sulphide hor¡zon ¡n biot¡te schist
garnet-sill¡manite-biotite schist
massive sulphide horizon in pegmatite
massive sulph¡de hor¡zon ¡n garnet biotite gne¡ss

Rock Type % Sulph sutphide Texture

5

85
tr
,Â

Massive

Diss

lvlassive

Diss
Net-textured

Stringers

Massive

lnterstitial, almost net-tenured
lnterstitial
Str¡nger to SMS

Fine stringers, interst¡tial to sil¡cates
Fine str¡ngers interstitial to silicates

¡nterstitial

Massive breccia

lnterst¡t¡al

Þiss
lvlass¡ve band

l\¡assive, framboidal
Dlss
Diss
Semi-massive band

Massive

Stringer
Diss
Diss
Blebby and diss
Foliated and stringer
lvlass¡ve

Massive
Foliated and banded
¡/ass¡ve
Massive

40
95

10

7

25

20
20
15

tr
80
80
10
'l

50

80

15

1

10

7

80
70

5
85

85

Remobilized sulph¡des in metased¡ments. MS-SÊD
lvlagmatic sulphides in um. DS-U
Remobilized sulphides in um. N4S,UB
Metasediments. DS_SED
Recrysta¡l¡zed magmatic sulphides in altered um. lS-U

Remobilized sulphides in pegmatite at base of um body SMS,ARC
Remobilized sulph¡des in um MS_ARC
lVlagmatic sulphides in um. lS_U
Magmatic sulphides in um lS_U
Remobilized sulphides between pegmatite and um. SlvlS_ARC

Remobilìzed sulph¡des ¡n metased¡ments. SMS-SED
Remobil¡zed sulphides in metasediments. SMS_SED

Magmatic sulph¡des ¡n um. tS_U
Remobi¡ized sulph¡des ¡n um. ¡/S_UB
Magmatic sulphides in um. lS_U
Magmatic sulphides ¡n um. DS_U
Remobilized sulphides ¡n um and metasediments. MS_SED
Recrystall¡zed sulphidic metasediments. BMS_SED
Metasediments. Sheared and intruded by pegmat¡te dykes. DS-SED
Metased¡ments. DS-SED
Sulphidic metasediments, tectonized BMS_SED
Sulphidic metasediments. BIVS_SED
Metasediments- DS_SED
Metasediments. DS_SED
Magmatic sulphides ¡n um. DS_U
Recrystallized magmatic sulph¡des in altered um. DS_U
Metasediments. DS_SED
Sulphid¡c metased¡ments. BIMS-SED
Sulphidic metasediments. BMS-SED
Remobilized sulph¡des ¡n metased¡ments. DS-SED
Remob¡lized sulphides in metased¡ments. MS_SED
Remobilized sulph¡des in metasediments MS-SED

F¡eld lnterpretat¡on of protoil¡th Sulph¡de
Class
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APPENDD( 2: CONDITIONS OF MICROPROBE TECHNIQUES

Electron Microprobe Analysis (EMPA)

EMPA was done using a Cameca SX-50 at the University of Manitoba. All

analyses were done using the wavelength dispersive system (WDS), with a stationary point

beam with 20 kV accelerating voltage, 20 nLbeam current, and counting times on the

peaks and backgrounds of 20 and 1O seconds, respectively. All sulphide minerals were

analysed using the program "pt20" (S and Cu offchalcopyrite standard; Fe offmagnetite

standard; Ni offpentlandite standard). Data reduction was performed using the pAp

procedure ofPouchou and Pichoir (1984).

Proton-Induced X-ray Emission (PIXE)

The operating parameters for the proton microprobe at the University of Guelph

were: proton energy, 3 MeV; charge, 2 5 ¡tC; average current, 5.6 nA; average counting

time, 505 seconds, beam size, 5 x 10 pm2. A synthetic pyrrhotite standard (in wt.%: Fe

60.93, S 38'87, Se 0.09, Pd, 0.11) was used for calibration. Aluminum absorbers of the

following thicknesses were used: 250 pmfor pyrrhotite and pyrite, 357 5 pm for

pentlandite, and 508 pm for chalcopyrite. Data reduction was performed with the GLIpIX

program developed at Guelph (Maxwell et al., 1989)
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APPENDIX 3: EMPA DATA

Data is sorted by mineral, then by ore body. Hexagonal or monoclinic character of

pyrrhotite was determined by the metal:sulphur ratio (À4/S), as calculated from electron

microprobe data.

Abbreviations:

Mineral:
. po : pyrrhotite
. pn: pentlandite
. cp : chalcopyrite
. py : pyrite
. gd : gersdorffite
o ¡1i : niccolite

Ore body
. 1C : lC ore body, Thompson Mine
. lD : lD ore body, Thompson Mine
. T1 : T1 Mine, Thompson Mine
. BT : Birchtree Mine
. BU: Bucko Lake
. SN: Soab North
. WL = William Lake deposit

Sulphide classes:
. DS-SED : disseminated sulphides in metasediments
. DS-U: disseminated sulphides in ultramafic rocks
. IS-U: interstitial sulphides in ultramafic rocks
¡ MS-U : massive sulphides in ultramafic breccia
. BMS-SED : barren massive sulphides in metasediments
o MS-SED : massive sulphides in metasediments
. SMS-SED : semi-massive sulphides in metasediments
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Sample

JL98-1 C-1 0

JL98-1 C-l 0
JL98-1 C-1 0

JL98-1 C-1 1

JL98-1 C-1 't

JL98-1 C-1 1

JL98-1 C-1 I
JL98-1 C-1 1

JL98-1 C-1 1

JL98-1 C-l 2
JL98-1 C-1 2

JL98-1 C-1 2
JL98-1 C-1 2

JL98-1 C-1 2

J 198-1 C-1 2
JL98-1 C-1 5

JL98-1 C-1 s
JL98-1 C-1 5

JL98-1 C-1 5

JL98-1 C-1 6

J 198-1 C-1 6

JL98-1 C-1 6

JL98-1 C-1 6

JL98-1 C-1 I
JL98-l C-1 I
JL98-1 C-1 9

JL98-1 C-1 I
JL98-1 C-1 9

JL98-1 C-20

JL98-1 C-20

JL98-1 C-20

JL98-1 C-21

JL98-1 C-21

JL98-1 C-21

Mineral Ore Body W%(S )

po 1C 39.54
po '1 C 39.65
po 1C 39.4'1

po 'l C 38.58
po I C 39.19
po 1C 39.19
po 1C 39.45
po 1C 38.62
po 1C 38.76
po 1C 39.32
po 1C 39.38
po 1C 39.47
po 1C 39.29
po 1C 39.56
po 1C 39.29
po 1C 39.25
po 1C 39.18
po 1C 38.52
po 1C 38.60
po 1C 38.58
po 1C 38.70
po 1C 38.87
po 1C 38.90
po 1C 39.37
po 1C 39.63
po 1C 39.42
po 1C 39.31
po 1C 39.29
po 1C 39.39
po 1C 39.52
po 1C 39.51
po 1C 38.89
po 1C 38.76
po 1C 38.72

Wo,6(Fe) Wo,6(Co) WoÁ(Ni)
59.17 0.05 0.42
60.03 0.05 0.43
59.59 0.07 0.35
60.55 0.05 0.08
59.66 0.10 0j2
59.41 0.07 0.09
59.85 0.06 0.11

60.26 0.11 0j2
60.66 0.06 011
s9.88 0.06 0.12
59.79 0.11 0.14
s9.90 0.08 0.12
58.98 0.06 0.10
59.84 0.03 0.14
59.40 0.05 0.11

59.35 0.04 0.05
59.37 0.11 0.04
55.74 0.12 0.08
59.61 0.09 0.09
60.24 0.11 0.11

60.77 0.11 0.1s
59.31 0.09 0.08
59.82 0.07 0.11

60.14 0.06 0.49
60.26 0.01 0.39
60.37 0.04 0.45
59.92 0.04 0.50
59.62 0.03 0.38
59.89 0.06 0.25
60.47 0.06 0.24
60.07 0.02 0.32
60 29 0.04 0.48
60.62 0.07 0.55
60.35 0.03 0.66

W%(Cu) Wo,6(As) Total

0.00 0.00 99.27
o.o2 0.00 100.20
0.00 0.00 99.45
o.02 0.00 99.34
0.01 0.00 99.20
0.09 0.0't 98.95
0.00 0.00 99.50
0.00 0.01 99.20
0.00 0.00 99.65
0.00 0.01 99.46
0.01 0.00 99 50
0.00 0.00 99.59
0.00 0.01 98.53
0.01 0.00 99.68
0.01 0.00 98.89
0.01 0.01 98.94
0.07 0.00 98.80
o.o2 0.00 98.55
o.02 0.00 98.43
o.02 0.03 99.11

0.01 0.00 99.78
0.00 0.00 98.41

0.01 0.00 98 94
0.00 0.01 100.15
0.03 0.00 100.39
0.00 0.00 100.36
0.00 0.00 99.79
0.00 0.00 99.36
0.00 0.03 99.69
0.00 0.00 100.29

0.00 0.00 100.00
0.04 0.01 99.75
0.02 0.00 100.09
0.02 0.01 99.83

Sulphide Class Ni/Co

DS-SED 8.10
DS-SED 9.31

DS-SED 5.O2

DS.SED 1.59

DS-SED 1 .18

DS-SED 1.29

DS-SED 1.75

DS-SED 1.16

DS-SED I.8O

DS-SED 1.89

DS-SED 1.31

DS-SED 1.55

DS-SED 1.57

DS-SED 5.17
DS-SED 2.21

DS-SED 1.17

DS-SED 0.41

DS-SED 0.71

DS-SED ,1 
.OO

DS-SED 1.05

DS-SED 1.16

DS-SED 0.86

DS-SED 1.54

SMS-SED 8.75
SMS-SED 52.55
SMS-SED 11.02

SMS-SED 12.9e

SMS-SED 12.09

MS-SED 4.18

MS-SED 3.69

MS-SED 14.89

SMS-SED 13.75

SMS-SED 8.16
SMS-SED 19-55

M/S hex/mono

0.867 mono

0.876 mono

0.874 mono

0.904 hex

0.879 mono

0.875 mono

0.874 mono

0.900 hex

0.902 hex

0.878 mono

0.876 mono

0.874 mono

0.866 mono

0.872 mono

0.871 mono

0.873 mono

0.873 mono

0.894 mono

0.890 mono

0.901 hex

0.906 hex

0.879 mono

0.886 mono

0.886 mono

0.880 mono

0.887 mono

0.883 mono

0.878 mono

0.878 mono

0.883 mono

0.879 mono

0.898 mono

0.908 hex

0.906 hex
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Sample

JL98-1 C-2.,|

JL98-1C-22

JL98-1C-22

JL98-1C-22

JL98-1C-22

JL98-1C-22

JL98-1C-22

JL98-1 C-23

JL98-1 C-23

JL98-1 C-23

JL98-1 C-23

JL98-1 C-24A
JL98-1 C-24A

JL98-1 C-24A

JL98-1 C-24A

JL98-l C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-l C-25D

JLgB-1 C-25D

JL98-1 C-25D

JL98-1 C-25D

JL98-1 C-25D

JL98-1 C-28A

JL98-l C-28A

JL98-1 C-28C

JL98-1 C-28C

JL98-1 C-29

JL98-1 C-29

Mineral Ore Body W%(S )
po 1C 38.78
po lC 39 70
po 1c 39.44
po 1C 39.49
po 1C 39.38
po 1C 39.60
po 1C 39 53
po 1C 38.91

po 1C 39.71
po 1C 39.76
po 1C 39.67
po 'l C 39.07
po I C 39.86
po 1C 39.11

po 'l C 39.30
po 1C 39.61

po I C 39.67
po 1C 39.24
po 1C 39.38
po 1C 39.17
po 1C 39.40
po 1C 39.30
po 1C 39.52
po I C 39.75
po 1C 39.65
po 1C 39.67
po 1C 39.63
po 1C 39.56
po 1C 38.74
po 1C 39.17
po lC 39.29
po 1C 38.69
po 1C 38.99
po 1C 38.81

W%(Fe) Wo,6(Co) WoÁ(Ni)

59.71 0.05 0.66
60.23 0.07 0.12
59.84 0.09 0.15
60j2 0.10 0.12
60.02 0.10 0.15
59.75 0.11 0.30
59.96 0.10 0.1 1

60.13 0.07 0.52
59.26 0.10 0.28
60.47 0.05 0.22
59.45 0.05 0.32
60.42 0.00 0.57
60.18 0.05 0.24
60.'t3 0.04 0.58
60.73 0.o2 0.52
59.39 0.04 0.91

58.93 0.05 0.87
s8.25 0.03 0.80
58.90 0.02 0.83
59.38 0.04 0.75
59.70 0.03 0.58
59.67 0.07 0.65
59.28 0.03 .t.05

59.40 0.07 0.98
59.81 0.03 0.79
59.36 0.01 0.89
59.17 0.04 0.90
59.25 0.03 0.96
62.42 0.o2 0.06
62.25 0.08 0.06
61 .65 0.09 0.14
61 .91 0.08 0.06
60.02 0.07 0.22
60.30 0.11 0.17

WoÁ(Cu) Wo,6(As) Totat

0.05 0.01 99.36
0.00 0.00 100.18
0.00 0.o2 99.60
o.o2 0.o2 99.91

0.00 0.00 99.72
0.00 0.00 100.1 1

0.02 0.00 99.74
0.03 0.00 99 79
0.01 0.01 99.48
0.00 0.03 100.58
0.05 0.o2 99.68
0.00 0.01 100.09
0.01 0.00 100.43
0.00 0.01 99.95
0.00 0.00 100.62
0.00 0.00 99.96
0.00 0.01 99.58
0.00 0.00 98.36
0.00 0.o2 99.20
0.00 0.00 99.43
0.00 0.00 100.02
0.01 0.01 99.75
0.00 0.01 99.99
o.02 0.00 100.24
0.00 0.01 100.39
0.00 0.00 100.01

0.00 0.00 99 84
0.00 0.00 99.89
0.00 0.03 101 .35

0.02 0.01 101 .60

0.00 0.01 101 .21

0.07 0.02 100.83
0.00 0.00 99.35
0.00 0.02 99.54

Sulphide Class Ni/Co

SMS-SED 12.27

DS-SED ,I .63

DS.SED 1.63

DS-SED 1.23

DS.SED 1.46

DS-SED 2.74
DS-SED 1.08

DS-SED 7.31

DS-SED 2.89
DS-SED 4.16
DS-SED 6.00
MS-SED 271.67
MS-SED 4.96
MS-SED 13.56

MS-SED 25.99
MS-SED 22.75
MS-SED 16.20

MS-SED 23.13

MS-SED 34.78

MS.SED 17.14
MS-SED 18.22

MS-SED 9.61

MS-SED 31.04

MS-SED 14.79

MS-SED 27.85
MS-SED 96.18

MS-SED 20.87
MS-SED 32.53
DS-SED 2.64
DS-SED 0.82
DS-SED 1.ß
DS-SED 0.73
DS-SED 3.04
DS-SED I -60

M/S hex/mono

0.896 mono

0.875 mono

0.875 mono

0.878 mono

0.879 mono

0.876 mono

0.875 mono

0.897 mono

0.863 mono

0.878 mono

0.868 mono

0.896 mono

0.872 mono

0.893 mono

0.895 mono

0.874 mono

0.866 mono

0 864 mono

0.871 mono

0.882 mono

0.883 mono

0.883 mono

0.877 mono

0.873 mono

0.879 mono

0.872 mono

0.872 mono

0.875 mono

0.928 hex

0.915 hex

0.905 hex

0.922 hex

0.888 mono

0.898 mono

Appendix 3 160



Sample

JL98-1 C-29

JL98-1 C-30

JL98-'l C-30

JL98-1 C-30

JL98-1 C-30

JL98-1 C-30

JL98-1 C-30

JL98-'t C-31

JL98-1 C-33

JL98-1 C-33

JL98-1 C-33

JL98-1 C-33

JL99-1 C-35

JL99-1 C-35

JL99-1 C-35

JL98-1 D-01

JL98-1 D-01

JL98-1 D-01

JL98-1 D-01

JL98-1 D-01

JL98-'l D-0'1

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03
JL98-1 D-03

JL98-1 D-03

JL98-1 D-04

JL98-1 D-04
JL98-1 D-04

Mineral Ore Body W%(S )
po 1C 39.41
po 1C 39.53
po 1C 39.43
po lC 3957
po 1C 39.35
po 1C 39.48
po 1C 39 56
po 1C 38.98
po I C 38.81

po 1C 38.62
po 1C 38 60
po I C 38.72
po 1C 39.65
po 1C 40.05
po 1C 39.60
po 1 D 39.18
po I D 39.09
po 1D 39.06
po I D 39.03
po 1D 39.14
po I D 38.41

po 1D 39.55
po 1D 39.69
po 1D 39.65
po 1D 39.59
po 1D 39.95
po 1D 39.55
po 1D 39.66
po 1D 39.80
po 1D 39.48
po 1D 39.30
po 1D 39.60
po 1D 39.52
po '1 D 39.78

WoÁ(Fe) Wo,6(co) W%(N¡)
59.85 0.12 0.10
60.26 0.07 0.31

58.20 0.05 0.32
59.06 0.05 0.40
59.16 0.03 0.33
59.07 0.03 0.33
59.17 0.06 0.37
58.89 0.o7 0.09
58.99 0.10 0.34
59.46 0.10 0.34
59.17 0.06 0.43
60.84 0.11 0.26
58.24 0.05 0.62
58.08 0.10 0.64
58.39 0.05 0.62
60.02 0.09 0.13
60.26 0.13 0.16
59.48 0.09 0.10
59.63 0.12 0.14
60.13 0.15 0.14
59.86 0..1 1 0.18
61 .66 0.11 0.20
61 .66 0.10 0.19
61 .13 0.10 0.12
62.00 0.11 0.14
61 .07 0.12 0.21

61 .71 0.10 0.20
61 .32 0.12 0.14
60.89 0.08 0.18
61 .77 0.06 0j7
61 .52 0j2 0 20
61 .69 0.08 0.19
61 .44 0.08 0.18
60.77 0.06 0.17

WoÁ(Cu) W%(As) Total
0.00 0.01 99.53
0.00 0.00 100.28
0.00 0.00 98.05
0.00 0.o2 99.13
0.00 0.o2 98.97
0.00 0.00 98.94
0.05 0.00 99.28
0.01 0.00 98.06
0.01 0.00 98.28
0.02 0.00 98.56
0.02 0.00 98.37
0.01 0.00 100.02
0.01 0.00 98.67
0.00 0.02 98.97
0.00 0.00 98.73
0.00 0.00 99.48
0.00 0.00 99.70
0.01 0.04 98.88
0.03 0.00 99.10
0.00 0.o2 99.63
0.02 0.00 98.65
0.00 0.00 101 .58

0.00 0.00 101 .74
0.00 0.00 101 .o7

0.00 0.00 101.92
0.00 0.02 101 .46

0.00 0.00 101 .61

0.01 0.00 101 .29

0.o2 0.00 101 .06

0.01 0.00 101 .54
0.01 0.01 101 .26

0.00 0.00 101 .66

0.00 0.00 101 .29

o.o2 0.00 100.86

Sulphide Class

DS-SED

SMS-SED

SMS-SED

SMS-SED

SMS-SED

SMS-SED

SMS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

MS-SED

MS-SED

MS.SED

DS-SED

DS-SED

DS.SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

Ni/Co M/S he></mono

0.87 0.876 mono

4.66 0.882 mono

6.06 0.853

8.86 0.864 mono

10.45 0.869 mono

I 75 0 864 mono

6.48 0.866 mono

1.21 0.870 mono

3.56 0.879 mono

3.26 0.891 mono

7.73 0.889 mono

2.43 0.908 hex

13.80 0.854

6.46 0.844
13.10 0.857

1.39 0.883 mono

1.24 0.890 mono
'l .06 0.879 mono

1.23 0.883 mono

0.91 0.887 mono

1.66 0.900 hex

1.75 0.900 hex

1.93 0 897 mono

1.18 0.889 mono

1.22 0.904 hex

1.79 0.884 mono

2.O4 0.900 hex

1.16 0.892 mono

2.13 0.883 mono

3.01 0.902 hex

1.67 0.905 hex

2.54 0.899 hex

2j2 0.897 mono

2.72 0.881 mono
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Sample

JL98-1 D-04

JL98-1 D-04

JL98-1 D-04

JL98-1 D-04

JL98-1 D-04

JL98-l D-08
JL98-1 D-08
JL98-1 D-08
JL98-1 D-08

JL98-1 D-08

JL98-1 D-08
JL98-1 D-09
JL98-l D-09

JL98-1 D-09

JL98-1 D-09

JL98-l D-09
JL98-1 D-09

JL98-1 D-09

JL98-l D-09

JL98-l D-09

JL98-l D-1 I
JL98-1 D-1 1

JL98-1 D-l 1

JL98-1 D-1 1

JL98-1 D-1 1

JL98-1 D-1 1

JL98-1 D-1 3a

JL98-1 D-1 3a

JL98-1 D-l 3a

JL98-1 D-13a

JL98-l D-1 3a

JL98-1 D-1 3a

JL98-l D-l 3a

JL98-1 D-1 3a

Mineral Ore Body W%(S )
po 1D 39.49
po I D 39.55
po 1D 39.29
po 1D 39.28
po 1D 39.35
po 1D 39.14
po 1D 39.06
po 1D 39.17
po I D 39.19
po 1D 38.62
po 1D 39.16
po 1D 39.68
po 1D 39.59
po lD 39 63
po 1D 39.79
po 1D 39.87
po 1D 39.63
po 1D 39.62
po 1D 39.43
po 1D 39.67
po I D 39.46
po 1D 39.34
po 1 D 39.19
po 1D 39.50
po 1D 39.59
po 1D 38.75
po 1D 39.83
po 1D 39.26
po 1D 39.52
po 1D 39.43
po 1D 39.65
po 1D 39.82
po 1D 39.39
po I D 39.38

Wo,6(Fe) WoÁ(co) WoÁ(Ni)

60.85 0.06 0.17
60.22 0.o7 0.12
60.40 0.'l 1 0.16
61 .07 0.09 0.19
61 .24 0.08 0.12
58.72 0.14 0.17
59.41 0.16 0.18
59.88 0.09 0.18
60.23 0.12 0.20
60.83 0.09 0.47
58.88 0.17 0.25
60.59 0.05 0.11

60.97 0.04 0.12
60.51 0.06 0.14
61 .04 0.06 0.07
59.10 0.06 0.10
60.39 0.06 0.11

60.72 0.08 0.12
59.51 0.05 0.10
61 .00 0.05 0.10
60.5s 0.16 0.18
59.84 0.15 0.20
60.52 0j7 0.27
6l .03 0.13 0.23
60.73 0j4 0.17
61 .71 0.09 0.31

60.20 0.0s 0.43
59.81 0.0s 0.62
60.47 0.o7 0.57
60.22 0.03 0.49
60.80 0.04 0.34
60.53 0.05 0.52
60j2 0.06 0.52
60.78 0.02 0.47

WoÁ(Cu) Wo,6(As) Total

0.00 0.00 100 62
0.01 0.02 100.09
0.01 0.00 100.02
0.00 0.00 100.68
0.00 0.00 100.87
o.02 0.00 98.30
0.00 0.04 98.90
0.04 0.00 99.45
0.04 0.00 99.79
0.03 0.00 100.09
o.o2 0.00 98.49
0.01 0.00 100.50
0.00 0.00 100.80
0.03 0.o2 100.43
0.00 0.00 101 .O2

0.01 0.00 99.16
0.00 0.o2 100.25
0.00 0.00 100.59
0.00 0.00 99.22
0.02 0.00 .100.86

0.00 0.01 100.40
0.06 0.o2 99.70
0.08 0.03 100.29
0.05 0.00 100.99
0.00 0.03 100.69
0.00 0.00 100.88
0.04 0.01 100.61

0.01 0.00 99.78
0.00 0.03 100.69
0.05 0.00 100.24

0.00 0.00 100.89
o.o2 0.00 101 .01

0.00 0.00 1 00.13
0.06 0.04 100.79

Sulphide Class Ni/Co

DS-SED 2.99
DS.SED 1.66

DS-SED 1.50

DS-SED 2.23
DS-SED 1.48

DS-SED 1.24

DS-SED 1 .,16

DS-SED 1.93

DS-SED 1.7O

DS-SED 5.44
DS-SED 1.47

DS-SED 2.36
DS-SED 3.16
DS-SED 2.19
DS-SED 1.21

DS-SED 1.54

DS.SED 1.97

DS.SED 1,53

DS-SED 2.01

DS-SED 1.89

DS-SED I.16
DS-SED 1.29

DS-SED 1.63

DS-SED 1.79

DS-SED 1.25

DS-SED 3.52
SMS-SED 812
SMS-SED 11.51

SMS-SED 8.70
SMS-SED 17.15

SMS-SED 9.34
SMS-SED 10.11

SMS-SED 8.58
SMS-SED 20.34

M/S hex/mono

0.889 mono

0.878 mono

0.887 mono

0.897 mono

0.897 mono

0.867 mono

0.879 mono

0.883 mono

0.888 mono

0.913 hex

0.869 mono

0.880 mono

0.887 mono

0.881 mono

0.883 mono

0.854

0.878 mono

0.883 mono

0.870 mono

0.886 mono

0.886 mono

0.880 mono

0.894 mono

0.893 mono

0.886 mono

0.920 hex

0.876 mono

0.884 mono

0.888 mono

0.885 mono

0.886 mono

0.882 mono

0.885 mono

0.895 mono
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Sample

J 198-1 D-1 3b
JL98-1 D-r 3b

JL98-1 D-'l3b
JL98-1 D-1 3b
JL98-1 D-1 3b
JL98-1 D-1 3b
JL98-1 D-1 3b

JL98-1 D-1 4
JL98-1 D-1 4
JL98-1 D-1 4
JL98-1 D-1 4
JL98-l D-l 5
JL98-1 D-1 5
JL98-1 D-1 5

JL98-1 D-1 5

JL98-1 D-1 6
JL98-1 D-1 6

JL98-l D-1 6

JL98-1 D-1 6
JL98-1 D-1 6

JL98-1 D-1 8A

JL98-1 D-1 8A

JL98-l D-l 8A

JL98-1 D-1 8A

JL98-1 D-1 8A
JL98-1 D-1 8A

JL98-'t D-188

JL98-1 D-1 88
JL98-1 D-1 8B

JL98-1 D-1 8B

JL98-1 D-1 BB

JL98-1 D-1 88
JL98-1 D-1 I
JL98-1 D-1 9

Mineral
po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

Ore Body Wo/6(S )
1D 38.86

1D 38.51
'l D 38.55

1D 3870
1D 38.68

1D 39.49

1D 39.38

1D 39.45

1D 39.48

1D 39.55

1D 39.48

1D 39.47

1D 39.26

1D 39.24

1D 39.20

1D 39.31

1D 39.11

1D 39.58

1D 39.40

1D 39.58

I D 39.54

1D 39.27

1D 39.48

1D 39.41

1D 39.68

1D 39.58

1D 39.26

1D 39.39

1D 39.50

1D 39.43

I D 39.46
1D 39.66

1D 39.66
1D 39.62

Wo,6(Fe) Wo,6(Co) WoÁ(N¡)

59.98 0.04 0.73
59.27 0.03 0.69
58.76 0.05 0.69
59.68 0.04 0.77
59.79 0.01 0.68
60.05 0.06 0.46
59.24 0.04 0.39
60.37 0.05 0.62
60.20 0.05 0.62
59.69 0.05 0.65
59.99 0.02 0.68
60.13 0.06 0.60
60.37 0.05 0.43
59.87 0.01 0.48
60.51 0.02 0.49
60.03 0.04 0.38
61 .09 0.02 0.40
61 .62 0.04 0.36
60.47 0.02 0.44
60.62 0.04 0 40
60.03 0.03 0.66
60.37 0.05 0.72
59.91 0.03 0.88
60.44 0.02 0.72
60.58 0.03 0.82
60.17 0.04 0.91

61 .00 0.02 0.41

60.58 0.04 0.46
61 .59 0.05 0.27
60.35 0.06 0.42
61 .11 0.04 0.45
60.49 0.04 0.44
60.95 0.02 0.34
59.68 0.00 0.36

WoÁ(Cu) W%(As) Total
0.00 0.00 99.69
0.00 0.00 98.60
0.00 0.00 98 11

0.00 0.00 99.23
0.00 0.00 99.1 I
0.00 0.00 100.09
0.00 0.01 99.15
0.00 0.00 100.53
0.02 0.00 100.47

0.00 0.00 99.98
0.00 0.00 100.21

0.00 0.01 100.33
0.05 0.00 100.26
o.o2 0.01 99.72
0.00 0.00 100.30
0.03 0.01 99.87
0.03 0.01 100.70
0.06 0.00 101 .69

0.03 0.02 100.44
0.07 0.00 100.81

0.00 0.00 100.32

0.00 0.00 100.46
0.00 0.00 100.36
0.00 0.01 100.69
0.03 0.00 101 .21

0.02 0.00 100.79
o.o2 0.00 100.77

0.00 0.00 100.61

o.02 0.00 101 .55

0.00 0.00 100.41

0.01 0.00 101 .26

0.00 0.00 100.65
0.01 0.00 100.99
0.00 0.o2 99.74

Sulphide Class Ni/Co

DS-SED 20.25
DS-SED 20.71

DS-SED 12.71

DS-SED 21 .37

DS-SED I05,98
DS-SED 8.15
DS.SED 8.95
SMS-SED 11.98

SMS-SED 12.24

SMS-SED 14.39

SMS-SED 39.34
SMS-SED 10,75

SMS-SED 8.22
SMS-SED 67.76

SMS-SED 23.25
SMS-SED 9.89
sMs-sED 25.61

SMS.SED 9,66
SMS-SED 19.38

SMS-SED 10.22

SMS-SED 20.84
SMS-SED 14.99

SMS-SED 26.45
SMS-SED 30.64
SMS-SED 27.06
sMs-sED 24.79
DS-SED 17.55

DS-SED 11.11

DS-SED 5.44
DS-SED 6.66

DS-SED 10.,16

DS-SED 11.32

SMS-SED 20.45
SMS-SED 1O7.82

M/S hex/mono

0.898 mono

0.895 mono

0 886 mono

0.897 mono

0.898 mono

0.881 mono

0.871 mono

0.889 mono

0.886 mono

0.877 mono

0.883 mono

0.885 mono

0.891 mono

0.884 mono

0.894 mono

0.884 mono

0.904 hex

0 901 hex

0.889 mono

0.887 mono

0.882 mono

0.894 mono

0.885 mono

0.892 mono

0.890 mono

0.887 mono

0.899 hex

0.892 mono

0.902 hex

0.887 mono

0.898 mono

0.883 mono

0.888 mono

0.871 mono
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Sample

JL98-1 D-1 I
JL98-1 D-1 9

JL98-1 D-1 I
JL98-1 D-21

JL98-1 D-21

JL98-1D-22

JL98-1D-22

JL98-1D-22

JL98-1 D-22

JL99-1 D-35

JL99-1 D-35

JL99-1 D-35

JL99-1 D-35

JL99-1 D-35
JL99-1 D-37

JL99-1 D-37

JL99-1 D-37

JL99-1 D-37

JL99-1 D-38

JL99-1 D-38

JL99-1 D-38

JL99-1 D-39

JL99-1 D-39

JL99-1 D-39

JL98-BT-01

JL98-BT-01

JL98.BT-01

JL98-BT-01

JL98-BT-02

JL98-BT-02

JL98.BT-02
JL98.BT-02
JL98-BT-02

JL98-BT-02

Mineral Ore Body W%(S )
po 1D 39.45
po 1D 39.81

po 'l D 39.75
po 1D 39.44
po 1D 39.01

po 1D 38.89
po lD 39.23
po 1D 38.45
po 1D 39.43
po 1D 39.63
po 1D 39.12
po 1D 39.60
po 1D 39.42
po 1D 39.00
po 1D 39.01

po 1D 38.94
po 1D 38.99
po 1D 39.38
po 1D 39.45
po 1D 39.48
po 1D 39.31

po 1D 39.67
po 1D 39.23
po 1D 39.24
po BT 39.78
po BT 39.51

po BT 39.80
po BT 39 80
po BT 39.05
po Bï 39.69
po BT 39.40
po BT 39.80
po BT 39.48
po BT 39.76

Wo,6(Fe) Wo,6(Co) W%(Ni)
61 .01 0.03 0.50
61 .47 0.00 0.43
61 .12 0.05 0.37
59.57 0.04 0.41

59.30 0.03 0.36
59.36 0.09 0.14
59.50 0.14 0..15

60.30 0.08 0.10
59.75 0.06 0.05
61 .4s 0.06 0.08
61 .30 0.00 0.08
61 .18 0.04 0.09
61 .39 0.06 0.08
61 .54 0.05 0.08
60.75 0.03 0.63
60.83 0.06 0.56
60.69 0.04 0.65
60.40 0.06 0.62
60.64 0.07 0.65
60.52 0.04 0.64
60.70 0.o2 0.64
60.17 0.05 0.35
60.60 0.04 0.55
60.73 0.05 0.54
58.94 0.02 0.52
57.97 0.04 0.55
59.01 0.06 0.47
59.09 0.06 0.53
59.06 0.01 0.29
59.14 0.04 0.27
59.18 0.05 0.26
59.98 0.04 0.32

59.13 0.02 0.23
59.81 0.05 0.21

WoÁ(Cu) Wo,6(As) Total
0.00 0.01 101 .08

0.o2 0.01 101 .77

0.00 0.01 101 .35

0.01 0.03 99.59
0.00 0.00 98.75
0.00 0.01 98.61

0.02 0.00 99.05
0.03 0.00 99.01

0.01 0.00 99.33
o.o2 0.01 101 .31

0.02 0.00 100.58
0.0'l 0.01 100.93
0.02 0.00 101 .O2

0.04 0.00 100.80
0.00 0.00 100.45
0.00 0.00 100.44
0.00 0.00 100.41

0.00 0.00 100.52
0.00 0.00 100.83
0.05 0.02 100.86
0.01 0.00 100.80
0.00 0.01 100.31

0.00 0.00 100.48
0.00 0.00 100.56
0.o2 0.04 99.36
0.02 0.00 98.14
0.01 0.00 99.66
0.00 0.00 99.58
0.00 0.00 98.47
0.00 0.00 99.19
0.00 0.04 99.03
0.00 0.01 100.17
0.00 0.00 98.92
0.00 0.00 99.90

Sulphide Class

SMS.SED

SMS-SED

SMS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

DS-U

DS-U

DS-U

DS.U

MS-UB

MS-UB

MS-UB

MS.UB

MS-UB

MS-UB

Ni/Co M/S hex/mono

17.51 0.896 mono

4332.00 0.893 mono

7.26 0.889 mono

10.08 0.873 mono

11.97 0.879 mono

1.52 0.881 mono

1.08 0.875 mono

1.26 0.904 hex

O.73 0.872 mono

1.38 0 893 mono

24.58 0.902 hex

2.59 0.889 mono

1.44 0.897 mono

1.72 0.909 hex

21 .31 0.904 hex

9.64 0.906 hex

15.21 0 904 hex

10.92 0.891 mono

9.52 0.893 mono

17.96 0.892 mono

31 .98 0.897 mono

6.73 O 877 mono

15.18 0.896 mono

11.76 0 897 mono

26.85 0.859 mono

13.66 0 851

7.26 0.863 mono

8.38 0.862 mono

42.57 0.873 mono

6.66 0.861 mono

5 00 0.869 mono

7.88 0.871 mono

9.89 0.864 mono

4.08 0 868 mono
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Sample

JL98-BT-02

JL98-BT-02

JL98-BT-02

JL98-BT-02
JL98-BT-02

JL98-BT-03

JL98-BT-03
JL98-BT-03

JL98-BT-03

JL98-BT-03

JL98-BT-03

JL98-BT-03

JL98-BT-05

JL98-BT-05
JL98-BT-06
JL98-BT-06

JL98-BT-06

JL98-BT-06

JL98-BT.O6

JL98-BT-06
JL98-BT-06

JL98-BT-06

JL98-BT-06

JL98-BT-06

JL98-BT-06

JL98-BT-08

JL98-BT-08

JL98-BT-08

JL98-BT-08

JL98-BT-08

JL98.BT-1 O

JL98-BT-1 O

JL98-BT-1 I
JL98-BT-1 1

Mineral

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

Ore Body W%(S )

BT 39.54

BT 39.51

BT 39 68

Bï 39 52

BT 39.69

BT 39.13

BT 39.57

BT 39 39
Bï 39.67

BT 39.40

BT 39.50

BT 39.59

BT 39.08

BT 38.96

BT 39.51

BT 39.11

BT 39.24

BT 39.34

BT 39.43

BT 39.41

BT 39.21

BI 39.52
BT 39.71

BT 39.23

BT 39.52

BT 39.57

BT 39.42

BT 39.07

BT 38.99

BT 39.02

BT 38.88

BT 38.95

BT 38.62

BT 38.84

W%(Fe) Wo,6(Co) Wo,6(N¡)

59.91 0.03 0.30
59.75 0.07 0.17
59.71 0.06 0.18
60.27 0.o7 0.28
59.94 0.04 0.19
60.94 0.07 0.12
61 .00 0.05 0.16
61 .01 0.05 0.16
6t.10 0.05 0.13
61 .09 0.05 0.14
60.96 0.00 0.15
60.77 0.03 0.,t4
58.85 0.07 0J4
58.68 0.13 0.15
60.32 0.03 0.02
60.22 0.03 0.03
60.14 0.09 0.05
60.15 0.10 0.01

60.66 0.09 0.07
60.84 0.07 0.09
60.94 0.07 0.08
60.36 0.05 0.í0
60.48 0.05 0.02
60.28 0.06 0.06
60.68 0.o7 0.o2
59.99 0.04 0.12
59.34 0.04 0.14
59.10 0.05 0.14
59.80 0.02 0.24
59.91 0.04 0.28
60.68 0.06 0.48
61 .45 0.06 0.27
62.18 0.03 0.26
61 .8'r 0.04 0.22

WoÁ(Cu) WoÁ(As) Total
0.00 0.00 99.83
o.o2 0.o2 99.57
0.03 0.01 99.73
o-o2 0.00 100.24

0.00 0.00 99.92
0.00 0.00 100.37
0.00 0.00 100.90
0.00 0 00 100.66

0.00 0.03 101 .O2

0.00 0.00 100.72

o.o2 0.o2 100.68
0.00 0.00 100.57
0.00 0.01 98.25
0.00 0.02 98.07
0.00 0.00 99.94
0.00 0.04 99.47
0.00 0.02 99.63
o.o2 0.00 99.67
0.03 0.01 100.39
o.o2 0.01 100.48
0.05 0.00 100.44
0.00 0.00 .100.07

0.00 0.00 100.44
0.00 0.04 99.73
o.o2 0.00 100.40
0.00 0.04 99.81

0.03 0.00 99.04
0.00 0.00 98.42
0.00 0.01 99..13

0.00 0.01 99.34
0.00 0.01 100.21

0.00 0.01 100.83
o.o2 0.01 101 .18

0.00 0.02 101 .04

Sulphide Class Ni/Co

MS-UB 9.72
MS-UB 2.57

MS-UB 3.30

MS-UB 4,26

MS-UB 5.02
ls-u 't .66

ts-u 3.15

ls-u 3.24

ts-u 2.38

ls-u 2.74

ls-u 152s 00

ts-u 4.37
DS-SED 1.99

DS-SED 1,18

DS-SED 0.51

DS-SED 1.03

DS-SED 0.57
DS-SED 0.12
DS-SED 0,83
DS-SED 1.25

DS-SED 1.20

DS-SED 1,89

DS-SED 0.42

DS-SED 1.10

DS-SED 0.31

MS-UB 2.94
MS-UB 3.27

MS-UB 2.82
MS-UB 12.57

MS-UB 7.34

MS-SED 7.67
MS-SED 4.29
DS-U 9.41

DS-U s.1l

M/S he)dmono

0.875 mono

0.872 mono

0.869 mono

0.882 mono

0.871 mono

0.898 mono

0.889 mono

0.893 mono

0.888 mono

0.894 mono

0.889 mono

0.884 mono

0.869 mono

0.871 mono

0.878 mono

0.886 mono

0.883 mono

0.880 mono

0.887 mono

0.889 mono

0.896 mono

0.880 mono

0.877 mono

0.885 mono

0.884 mono

0.874 mono

0.868 mono

0.872 mono

0.885 mono

0.887 mono

0.905 hex

0.912 hex

0.930 hex

0.919 hex
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Sample

JL98-BT-1 1

JL98-BT-1 1

JLg8-BT-I 1

JL98-BT-1 I
JL98-BT-1 1

JL98-BT-1 1

JL98-BT-1 2

JL98-BT-1 2

JL98-BT-1 2
JL98-BT-1 2

JL9B-BT-1 2

JL98-BT-1 3

JL98-8T.1 3

JL98-BT-1 3

JL98-BT-1 3
JL98-BT-1 3

JL98.BT-,I 3

JL98-BT-1 6A

JL98-BT-1 6A

JL98.BT-1 6B

JL98-BT-1 6B

JL98-8T.1 6B

JL98-BT-1 6B

JL98-BT-1 6B

JL98-BT-1 6B

JL98-BT.I 8

JL98-BT-1 8

JL98-BT-1 8

JL98-BT-1 8

JL98-BT-1 8

JL98.BT-1 8

JL98-BT-1 8

JL98-BT-1 8

JL98-BT-22

Mineral
po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

Ore Body Woó(S )

BT 38.61

BT 38.05

BT 37.81

BT 38.51

BT 38.38

BT 38.31

BT 38.82

BT 38.89
BT 39.61

BT 39.27

BT 39.19

BT 38.84

BT 38.78
BT 38.98

BT 39.09

BT 38.79

BT 39.07

BT 38.95

BT 38.67

BT 38.22

BT 38.25

BT 38.63

BT 37.86

BT 38.58

BT 38.41

BT 38.14

BT 38.38

Bï 38.08

BT 38.46

BT 38.67

BT 38.52

BT 38.71

BT 38.81

BT 38.17

WoÁ(Fe) Wo,6(Co) WoÁ(N¡)

61 .50 0.04 0.28
61 .73 0.04 0.24
61 .17 0.02 0.20
61 .94 0.04 0.20
61 .47 0.06 0.23
6l .66 0.04 0.22
61 .87 0.06 0.35
61 .95 0.04 0.38
61 .33 0.04 0.19
61.49 0.09 0.28
62.00 0.07 0.37
62.04 0.07 0.22
60.73 0.05 0.19
61 .45 0.0s o.24
61 .72 0.04 0.19
61 .42 0.05 0.21

61 .28 o.11 0.29
61 .00 0.06 0.35
60.10 0.04 0.35
60.77 0.05 0.33
59.68 0.07 0.24
61 .26 0.O7 0.29
60.57 0.03 0.34
59.57 0.04 0.30
60.36 0.05 0.20
61 .83 0.04 0.17
61 .37 0.05 0.20
61 .57 0.06 0.18
61 .66 0.06 0.23
6't.70 0.08 0.18
62.41 0.09 0.23
62.56 0.09 0.21

61 .71 0.08 0.20
60.63 0.06 0.30

WoÁ(Cu) WoÁ(As) Total
0.01 0.00 100.46
0.01 0.00 100.1 I
0.00 0.00 99 31

0.03 0.00 100.76
0.00 0.00 1 00..1 6

0.00 0.03 100.32
0.01 0.03 101 .19

0.00 0.00 101.27
0.07 0.03 101 .34
0.04 0.00 101 .22

0.06 0.00 t 0l .76

0.00 0.00 101 .26

0.03 0.00 99.88
0.00 0.01 100.87
o.o2 0.00 101 .10

0.01 0.00 100.60
o.o2 0.01 100.85
0.03 0.00 100.44
0.03 0.o2 99.34
0.00 0.00 99.43
0.00 0.00 98.29
0.00 0.00 100.32
0.00 0.00 98.83
0.01 0.01 98.59
0.00 0.0'l 99.09
0.00 0.00 100.23
0.00 0.00 1 00.1 0
o.o2 0.00 100.00
0.03 0.00 100.52
0.06 0.01 100.78
0.00 0.02 101 .37

0.00 0.00 101.67

0.02 0.01 100.88
0.00 0.00 99.19

Sulphide Class Ni/Co

DS-U 7.15
DS-U 6.41

DS-U 8.30
DS-U 4 44

DS-U 3.92

DS-U 5.04

DS-SED 5.79
DS-SED 8.52
DS-SED 4.89
DS-SED 3.3I
DS-SED 5.55
DS-SED 3.08
DS-SED 3.85
DS-SED 4.46
DS-SED 5.OB

DS-SED 4.36
DS-SED 2.7O

DS-U 5.90
DS-U 9.63
MS-UB 6.44

MS-UB 3.38
MS-UB 4.05
MS-UB 11,03

MS-UB 8.01

MS-UB 3.99

DS-SED 4.14
DS-SED 3.92
DS-SED 2.89
DS-SED 3.73

DS.SED 2.24
DS-SED 2.48
DS-SED 2.29
DS-SED 2.63
ts-u 5.1s

M/S hex/mono

0.920 hex

0 936 hex

0.934 hex

0.928 hex

0.924 hex

0.929 hex

0.922 hex

0.921 hex

0.894 mono

0.905 hex

0.916 hex

0.922 hex

0.904 hex

0.91 t hex

0.91 I hex

0.9'15 hex

0.908 hex

0.906 hex

0.900 hex

0.919 hex

0.901 hex

0.917 hex

0.924 hex

0.892 mono

0.907 hex

0.934 hex

0.923 hex

0.933 hex

0.926 hex

0.922 hex

0.936 hex

0.933 hex

0.918 hex

O 917 hex
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Sample

JL98-BT-22
JLgg-BT-22
JL98-BT-22

JL99-BU-01

JL99-BU-01

JL99-BU-01

JL99-BU-02
JL99-BU-02
JL99-BU-02
JL99-BU-02
JL99-BU-04
JL99-BU-04
JL99-BU-04
JL99-BU-05
JL99-BU-05
JL99-BU.O5

JL99-BU-05
JL99-BU-08
JL99-BU-08

JL99-BU-08

JL99-BU-08

DM98-1 C-02

DM98-1 C-02

DM98-1 C-02

DM98-1 C-02

DM98-'l C-02

DM98-1 C-02

DM98-1 C-02

DM98-1 C-03

DM98-l C-03

DM98-1 C-03

DM98-1 C-04

DM98-1 C-04

DM98-l C-04

Mineral
po

po

po

po

po

po

po

po

Ore Body

BT

BT

BT

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

BU

W%(S ) WoÁ(Fe)

38.44 61 .06

38.06 60.10

38.16 60.58

38.96 61 .O2

38.77 60.70

39.49 60.99

39.03 60.82

38.73 60.52

38.40 60.71

38.56 61 .39

39.39 59.21

39.95 59.25

39.49 59.17

4.O4 59.46

39.99 60.41

36.89 56.98

36.85 55.51

40.14 58.68

39.64 58 44

40.16 59.49

40.27 60.09
39.25 59.73

39.23 60.19

39.13 60.05

38.64 59.29

39.46 59.87

38.88 60.00
39.23 59.65

39.99 60.33

39.77 59.97

4.23 60.29

38.97 60.61

39.06 61 .07

38.97 60.99

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

Wo,6(Co) WoÁ(Ni)

0.03 0 30
0.05 0 26
0.05 0.24

0.05 0.33
0.05 0.35

0.06 0.30

0.03 0.24

0.03 0.27

0.09 0.28

0.05 0.24

0.04 0.09
0.03 0.14
0.04 0.15
0.00 0.08
0.04 0.09
0.56 6.54
0.63 6.52

0.01 0.54

0.07 0.37

0.00 0.38

0.02 0.40

0.03 0.15

0.00 0.12

0.01 0.14
0.00 0.18

0.03 0.19

0.00 0.30

0.07 0.19

0.07 0.11

0.03 0.09

0.04 0.12

0.04 0.22

0.05 0.'13

0.04 0.1'l

WoÁ(Cu) W%(As) Total
0.00 0.00 99.89
0.00 0.00 98.49
0.04 0.01 99.15
0.00 0.02 100.41

0.00 0.00 99.90
0.01 0.00 100.90
0.04 0.00 100.25
0.00 0.00 99.60
0.00 0.02 99.57
0.00 0.00 '100.35

0.01 0.01 98.80
0.00 0.o2 99.46
0.02 0.01 98.90
0.01 0.00 99.61

0.00 0.00 100.60
0.04 0.00 101 .06

0.05 0.00 99.60
0.o2 0 00 99.48
0.01 0.00 98.61

0.00 0.o2 100.10
0.00 0.02 100.89
0.01 0.00 99.19
0.00 0.o2 99.62
0.03 0.00 99.40
0.01 0.03 98.15
o.02 0.03 99.69
0.00 0.00 99.26
0.01 0.00 99.19
0.04 0.00 100.64
0.00 0.00 99.93
0.00 0.00 100.80
0.01 o.02 99.94
0.00 0.00 100.31

0.00 0.01 100.15

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

Sulphide Class Ni/Co

ls-u 8 96

ts-u 5.06

ts-u 4.4s
SMS-ARC 6.11

SMS-ARC 6.50

SMS-ARC 4.92

MS-ARC 9j4
MS-ARC 8.83

MS-ARC 3.23

MS-ARC 4.96

ts-u 2.59

ts-u 4.48
ts-u 3.54

ts-u 138.50
ts-u 2.44

ts-u 11.74

ts-u 10.43

SMS-ARC 43.85
SMS-ARC 5.45

SMS-ARC 78.54
SMS-ARC 20.34

ls-u 4.45

ls-u 1202.00

IS-U 27.65
ts-u 84.19

ls-u 6.47

ls-u 3008.00

ls-u 2.BO

ts-u 1.57

ts-u 2.77
ts-u 3.05

DS-U 6.18

DS-U 2.73
DS-U 24A

M/S hex/mono

0.918 hex

0.912 hex

0.917 hex

0.905 hex

0.905 hex

0.892 mono

0.900 hex

0.902 hex

0.914 hex

0.919 hex

0.866 mono

0.855

0.864 mono

0.854

0.870 mono

0.993 hex

0.972 hex

0.848

0.854

0.856

0.864 mono

0.877 mono

0.884 mono

0.884 mono

0.884 mono

0.876 mono

0.891 mono

0.877 mono

0.871 mono

0.868 mono

0.864 mono

0.898 mono

0.900 hex

0.901 hex
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Sample

DM98-1 C-05

DM98-1 C-05

DM98-1 C-05

DM98-1C-06

DM98-l C-06

DM98-1 C-06

DM98-1 C-07

DM98-l C-07

DM98-1 C-07

DM98-1 C-08

DM98-'1 C-08

DM98-l C-08

DM98-1 C-09

DM98-1 C-09

DM98-1 C-09

DM98-1 C-09

DM98-1C-1 1

DM98-1 C-í 1

DM98-1 C-1 1

DM98-l C-1 1

DM98-1 C-1 I
DM98-1 C-1 1

DM98-1 C-12

DM98-1 C-12

DM98-l C-12

JL99-SN-01

JL99-SN-01

JL99-SN-01

JL99-SN-02

JL99-SN-02

JL99-SN-02

JL99-SN.O3

JL99-SN-03

JL99-SN-03

Mineral Ore Body W%(S )
po '1 C 36.70
po 1C 37.04
po 1C 39.08
po 1C 37.84
po 1C 37.44
po lC 38.05
po 1C 39.32
po 1C 39.58
po 1C 39.37
po 1C 39.50
po 1C 38.95
po 1C 39.59
po I C 39.82
po 1C 39.93
po 1C 39.83
po 1C 39.76
po 1C 38.88
po 1C 39.33
po lC 39.00
po 1C 38.90
po 1C 38.82
po 1C 38.79
po 1C 40.04

po 1C 39.60
po lC 39.67
po SN 40.33
po SN 40.12

po SN 39.77
po SN 40.07

po SN 39.80
po SN 39.82
po SN 39.84
po SN 39.20
po SN 3927

WoÁ(Fe) W%(co) WoÁ(N¡)

63.48 0.01 0.00
63.44 0.0s o.o2
6'l .40 0.05 0.12
62.30 0.04 0.12
62.94 0.05 0.04
61.85 0.02 0.14
60.40 0.04 0.27
60.66 0.03 0.32
60.99 0.05 0.40
59.53 0.07 0.33
59.04 0.05 0.36
59.64 0.00 0.30
59.60 0.o2 0.37
60.91 0.04 0 37
61 .56 0.06 0.32
60.55 0.06 0.35
61 .91 0.08 0.26
62.04 0.05 0.26
62.14 0.06 0.21

61 .03 0.08 0.21

61 .28 0.10 0.23

61 .85 0.08 0.22
60.23 0.02 032
60.73 0.04 0.38
60.55 0.06 0.33
59.32 0.01 0.55
59.96 0.05 0.61

59.36 0.03 0.56
60.00 0.06 0.49
59.80 0.04 0.46
59.91 0.05 0.55
60.57 0.03 0.46
60.04 0.08 0.51

60.47 0.06 0.58

Wo,6(Cu) Wo,6(As) Total
0.00 0.00 100.26
0.00 0.00 100.62
0.00 0.00 100.70
0.04 0.00 100.38
0.01 0.00 100.50
0.00 0.03 100.,17

0.00 0 01 100.07
0.o2 0.00 100.73
0.00 0.00 100.82
0.00 0.00 99.46
0.00 0.00 98.45
0.01 0.01 99.61

0.00 0.00 99.90
0.00 0.03 101.32
0.05 0.00 101 .84
0.00 0.00 100.76
0.00 0.03 101 .25

0.00 0.00 101.79
0.00 0.01 101 .45

0.00 0.00 100.31

0.00 0.00 100.50
0.00 0.00 101 .05

0.00 0.00 100.64
0.04 0.00 100.84
0.01 0.00 100.71

0.04 0.00 100.27
0.01 0.01 100.78
0.01 0.00 99.77
0.06 0.00 100.79
0.00 0.00 100.12
0.04 0.03 100.47
0.00 0.00 100.93
0.00 0.03 99.96
0.03 0.00 't 00.46

Sulphide Class Nì/Co

DS-U 0.01

DS-U O.32

DS-U 2.53

DS-U 2.79

DS-U 0.79

DS-U 5.75

MS-SED 6.71

MS-SED 12,69

MS-SED 7.81

DS-SED 4.46
DS-SED 7.51

DS-SED 2951 .00

DS-SED 14.75

DS-SED 9.48

DS.SED 4.91

DS-SED 5.59

DS-SED 3.41

DS-SED 5.48
DS-SED 3.32
DS-SED 2.52

DS-SED 2.26

DS-SED 2.66
DS-SED 15.13

DS-SED 9.16

DS-SED 5.27

SMS-SED 68.00

SMS-SED 13.58

SMS-SED 20.67

SMS-SED 7.53
SMS-SED 11,35

SMS-SED 11.55

SMS-SED 18.52

SMS-SED 6.76

SMS-SED 9.59

M/S hex/mono

0.994 hex

0 985 hex

0.905 hex

0.949 hex

0.967 hex

0.937 hex

0.887 mono

0.886 mono

0.896 mono

0.871 mono

0.877 mono

0.870 mono

0.866 mono

0.882 mono

0.894 mono

0 880 mono

0.921 hex

0.91 t hex

0.919 hex

0.906 hex

0.912 hex

0.921 hex

0 869 mono

0.887 mono

0.883 mono

0.853

0.868 mono

0.866 mono

0.869 mono

0.870 mono

0.874 mono

0.880 mono

0.889 mono

0.894 mono
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Sample

JL98-T't -03

JL98-Tl -03

JL98-T1 -03

JL98-T1 -03

JL98-T1 -03

JL98-T1 -03

JL98-Tl -03

JL98-T'1-03

JL98-T'l-04
JL98-T1 -04

J 198-Tl -04

JL98-T1 -04

JL98-T1 -04
J 198-T1 -04
J 198-T1-04

JL98-T1 -04

JLgB-T1 -04

JL98-T1 -04

J L9B-T1 -04

JL98-T1 -04

JL98-T1 -04

JL98-T1 -04

JL98-Tl -04
JL98-T1 -06

JL98-T1 -06

J 198-T1 -06

J 198-T't -06

JL98-T1 -06

J 198-T1 -06

J 198-T1 -07

JL98-T1 -07

JL98-Tt -07

J 198-T1-07

JL98-T1 -07

Mineral

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

Ore Body

T1

T1

T1

11

T1

T1

T1

T1

T1

ït
T1

T1

T1

T1

T1

T1

ï1
T1

T,I

T1

T1

ï1
T1

T1

TI
T1

T1

T1

T1

T1

T1

T1

T1

T1

w%(s )

39.66

38.78

39.29

39.70

39.22

39.61

39.16

38.83

38.24

38.66

38.38
10 aa

38.49

38.75

39.05

38.85

36.58

36.72

36.47

36.29

36.42

36.37

37.87

38.63

38.74

38.79

38.83

39.01

38.81

39.35

39.51

39.43

38.94
?o to

W%(Fe) Wo,6(co) W%(Ni)
60.38 0.06 0.01

61 .32 0.08 0.02
60.16 0.04 0.00
60.33 0.04 0.01

59.80 0.08 0.00
s9.32 0.05 0.03
60.32 0.01 0.01

61 .24 0.09 0.01

60.77 0.04 0.32
60.72 0.00 0.35
6l .16 0.02 0 34
61 .20 0 0l 0.40
61 .29 0.02 0.41

62.18 0.04 0.43
61 .83 0.05 0.49
62.09 0.01 0.44
64.05 0.02 0.08
64.87 0.05 0.05
64.31 0.03 0 04
63.67 0.03 0.02
64.92 0.0s 0.00
64.59 0.06 0.01

60.87 0.03 0.09
60.62 0.06 0.36
61 .52 0.04 0.41

60.97 0.07 0.37
61 .61 0.06 0.3s
6'l .32 0.14 0.31

61 .04 0.08 0.31

60.52 0.04 0.29
60.43 0.01 0.25
60.91 0.05 0.29
60.42 0.05 0.31

60.41 0.04 0.26

W%(cu) Wo,6(As) Total
0.01 0.00 100.18
0.00 0.00 100.24
0.05 0.00 99.61

0.00 0.o2 100.17

0.04 0.03 99.16
0.00 0.01 99.04
0.01 0.00 99.56
0.05 0.01 100.29
0.00 0.00 99.42
0.00 0.00 99.82
0.03 0.00 100.04
0.00 0.01 100.01

0.0s 0.00 100.30
o.o2 0.00 101.52

o.o2 0.02 101 .50

0.00 0.00 101 .46

o.02 0.00 100.86
o.02 0.00 101.79

0.00 0.03 100.94
0.03 0.o2 100.10
0.03 0.01 101 .47

0.01 0.0'l 101 .07

0.00 0.00 99.02
0.01 0.00 99.71

0.00 0.00 100.78
0.04 0.00 100.28
0.01 0.05 100.99
0.00 0.00 100.85
0.00 0.00 100.34
0.18 0.00 100.49
0.00 0.00 100.27

0.00 0.o2 100.86
0.13 0.02 99.97
0.07 0.04 100.22

Sulphide Class

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

MS-UB

MS-UB

MS-UB

MS-UB

MS-UB

MS-UB

MS-UB

MS-UB

DS.U

DS-U

DS-U

DS-U

DS-U

DS-U

DS-U

DS.SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

MS.UB

MS.UB

MS.UB

MS-UB

MS-UB

Ni/Co M/S

0.10 0.876

o.29 0.910
0.05 0.881

oj7 0.874
0.01 0.877

o.52 0.861

1.23 0.885

0j4 0.908

7.11 0.918

3484.00 0.908

13.Æ 0.922

58.65 0.922

26.47 0.921

10.69 0.929

10.72 0.917
33.02 0.925

4.80 L009
o.92 1.017

1 .22 1.015

0.50 1.009

0.00 1.025
0.20 1.021

3.56 0.927

6.33 0.907

9.90 0.919

5.48 0.910

6.27 0.918

2 11 0.91 0

3.67 0.910

7.14 0.891

28.06 0.883

6.30 0.894

6.65 0.899
6.24 0.889

he/mono
mono

hex

mono

mono

mono

mono

mono

hex

hex

hex

hex

hex

hex

hex

hex

hex
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hex

hex

hex

hex

hex

hex

hex

mono

mono

mono

hex

mono
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Sample

J 198-T1 -07

JL98-T1 -09A

J 198-T1 -09A

J 198-T1 -09A

JL98-T'1-09A

J 198-T1 -09A

JL98-Tl -09A

JL98-T1 -09A

J 198-T1 -09A

JL98-T1 -09A

JL98-T1 -09A

J 198-T1 -09A

JL98-T1 -09A

JL98-T1 -098
JL98-T1 -098
J 198-T1 -098
JL98-T1 -098
JL98-T1 -098
JL98-I1 -098
JL98-Tt -1 0

J 198-T1 -1 0

JL98-T1 -1 0

JL98-T't-'t 0

J 198-T1 -1 0

JL98-T1 -1 1

JL98-T1 -1 I

JL98-ï1-1 I
JL98-T1 -1 1

JL98-Tl -1 't

JL98-T1 -1 2

JL98-T1 -1 2

J 198-T1 -1 2

J 198-T1 -1 2
JL98-T1 -1 2

Mineral Ore Body WoÁ(S )
po T1 38.67
po Tl 38.81

po 11 38.77
po T1 39.37
po T1 38.94
po Tl 38.69
po T1 39.1 5

po T1 39.37
po ï1 38.65
po T1 39.32
po T1 39.07
po T1 39.26
po T1 39.30
po T1 39.27
po T1 39.75
po ï1 39.14
po T1 39.41

po T1 39 ll
po T1 39.58
po T1 39.14
po T1 39.13
po T1 38.75
po T1 39.02
po T1 38.87
po T1 39.31
po T1 38.79
po f 1 39.65
po Tl 39.23
po T1 39.45
po T1 38.48
po T'l 38.70
po T1 38.75
po T1 38.51
po Tl 39.39

Wo,6(Fe) Wo,6(Co)

61 .54 0.05

61 .29 0.06
61 .62 0.03
61 .66 0.04

61 .74 0.05

59.34 0.06

60.76 0.01

61 .09 0.03
61 .81 0.01

61 .62 0.03
61 .07 0.03

61 .53 0.05

61 .26 0.01

61 .42 0.05

61 .91 0.06
61 .84 0.o2
61 .38 0.04

61 .01 0.06

61 .87 0.03
61 .14 0.05
61 .39 0.03
61 .00 0.o4

60.84 0.07
59.23 0.06
62.41 0.06
59.36 0.01

58.21 0.05

61 .64 0.04

61 .58 0.04

60.27 0.05
60.35 0.00
61 .36 0.02

60.79 0.03
60.76 0.06

WoÁ(Ni) Woz6(Cu) Wo,6(As) Totat
0.41 0.02 0.00 100.68
o.44 0.03 0.00 100.67
o.44 0.01 0.00 100.91
0.26 0.o2 0.02 .101.39

0.46 0.00 0.00 101 .24
0.50 0.01 0.00 98.66
0.25 0.01 0.00 100.21

o.32 0.00 0.01 100.82
0.30 0.00 0.01 100.90
o.22 0.03 0.01 101 .35
0.26 0.03 0.00 100.55
0.21 0.00 0.01 101 .10
0.20 0.00 0.00 100.80
0.11 0.01 0.04 101 .04
0.14 0.03 0.01 101 .97
o.23 0.03 0.01 101 .32

0.1 5 0.06 0.00 1 0l .09
0.22 0.01 0.01 100.43
0.18 0.00 0.04 101 .72
0.35 0.00 0.00 10074
0.35 0.o2 0.00 100.93
0.28 0.00 0.00 100.1 1

o.2B 0.00 0.02 100.32
o.28 0.04 0.02 98.51
0.16 0.00 0.00 101 .97
0.30 0.03 0.00 98.50
0.30 0.02 0.00 98.34
0.21 0.00 0.03 101 .23
o.32 0.00 0.00 101 .54
0.51 0.00 0.00 99.37
0.54 0.00 0.03 99.66
0.48 0.00 0.00 100.67
0.53 0.01 0.00 99.91

0.31 0.00 0.00 100.53
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Sulphide Class Ni/Co

MS-UB 8.22

MS-UB 6.99

MS-UB 12.96

MS-UB 7.01

MS-UB 8.75

MS-UB 8.9I
MS-UB 32.10

MS-UB 9.66

MS-UB 24.85

MS-UB 7.58
MS-UB 9.39

MS-UB 4.63
MS-UB 14.55

DS-U 2.45

DS-U 2.28
DS-U 10.58

DS-U 3.30
DS-U 3.76
DS-U 6,63

DS-U 7.56
DS-U 12.05

DS-U 7.71

DS-U 4.09
DS-U 4.52
ts-u 2.68

ts-u 25.61

ts-u 6.07

ts-u 5.12

ts-u 7.44
MS-UB 9.91

MS-UB 5406.00

MS-UB 20.13

MS-UB 17.96

MS-UB 5.13

M/S hex/mono

0.920 hex

0.915 hex

0.920 hex

0.904 hex

0.918 hex

0.890 mono

0.895 mono

0.896 mono

0.924 hex

0.905 hex

0.903 hex

0.904 hex

0.898 mono

0.903 hex

0.899 hex

0.912 hex

0.898 mono

0.900 hex

0.901 hex

0.904 hex

0.907 hex

0.909 hex

0.901 hex

0.881 mono

0.9'15 hex

0.883 mono

0.849

0.907 hex

0.903 hex

0.908 hex

0.904 hex

0.917 hex

0.915 hex

0.891 mono
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Sample

JL98-T1 -1 2

JL98-Tl -1 2

JL98-r1-12
JL98-T1 -1 3

JL9B-ï1 -l 3
JL98-T1 -1 3

JL98-T1 -1 3

JL98-T1 -1 3

JL98-T1 -1 3

JL98-T1 -1 3

JL98-T't-1 3

J 198-T1 -1 6

J 198-T1 -l 6
JL98-T1 -1 6

JL98-T1 -1 6

J 198-T1 -'1 6

JL98-T1 -1 6

JL98-T1-19

JL98-T1 -1 9

JL98-T1 -1 I
J 198-T1 -1 I
J 198-ï1 -1 I
JL98-T1 -1 I
JL98-T1 -1 9

J 198-T1 -20

JL98-T1 -20

JL98-T1 -20

JL99-T1 -25

J 199-T1 -25

JL99-T1 -25

JL99-T1 -25

JL99-T1 -26

JL99-T1 -26

JL99-T't-26

Mineral

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

Ore Body W%(S )

Tl 39.36

T1 38.73

T1 38 70

T1 39.45

T1 39.70

T1 39.34

ï1 39.48

T1 39.63

Tl 39.65

T1 39.28

T1 39.72

T1 38.40

T1 38.46

T1 38.52

ï1 38.62

T1 38.68

T1 38.55

T1 39.29

T1 39.35

T1 39.21

T1 39.02

Tl 39.23

Tl 39.31

T1 39.13

T1 38.76

T1 38.79

T1 39.07

T1 38.49

Tl 39.07

ï1 39.21

T1 39.47

T1 39.45

T1 38.95

T1 39.30

Woz6(Fe) W%(Co)
60j2 0.05
61 .74 0.03

61.04 0.07

59.25 0.00

60j2 0.03

59.43 0.04

59.72 0.05

60.75 0.03
60.26 0.03

60.97 0.04

60.82 0.04

61 .23 0.04

60.02 0.11

62.20 0.05

60.62 0.06
62.28 0.05
62.91 0.04
60.76 0.03
60.07 0.09
58.23 0.08
s9.44 0.05
58.61 0.09
60.26 0.05

61 .21 0.05

61 .51 0.10

61 .87 0.07
62.29 0.06
61 .14 0.05

60.43 0.06

61 .08 0.07

60.64 0.04
59.88 0.07

60.17 0.03

60.95 0.01

WoÁ(Ni) WoÅ(Cu) W%(As) Totat

0.34 0.00 0.00 99.91

0.51 0.02 0.o2 101 .13

0.54 0.01 0.00 100.37
o.22 0.01 0.o2 98.97
0.26 0.03 0 01 100.16
0.21 0.0s 0.00 99 18

0.27 0.07 0.01 99.62
0.18 0.00 0.01 100.63
0.30 0.o2 0.00 100.29
0.28 0.01 0.00 100.61

0.19 0.01 0.00 100.82
0.08 0.00 0.05 99.88
0.06 0.00 0.00 98.69
0.07 0.01 0.02 100.98
0.08 0.02 0.01 99.43
0.07 0.03 0.00 101 .16
0.07 0.00 0.01 101 .66
't.03 0.02 0.00 101 .17

1.07 0.06 0.01 100.69
0.89 0.01 0.00 98.46
0.84 0.00 0.01 99.42
0.95 0.01 0.00 99.04
0.95 0.00 0.00 100.62
0.88 0.01 0.01 101 .36

0.15 0.00 0.00 100.60
o.12 0.00 0.00 100.87
o.14 0.00 0.00 .t01 .65

0.19 0.00 0.00 99.90
0.23 0.00 0.03 99.90
o.22 0.01 0.00 100.65
o.28 0.00 0.01 100.45
0.18 0.00 0.00 99.61

o.20 0.00 0.01 99.39
0.19 0.00 0.02 100 52
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Sulphide Class Ni/Co

MS-UB 6.57

MS-UB 18.59

MS-UB 8.16

ts-u 67.94

ls-u 8.19

ls-u 5.09

ts-u 5.46

ts-u s.43

ts-u 9.99

ls-u 6.90

ls-u 4.44

DS-SED 2.O9

DS-SED 0.57

DS-SED 1.32

DS-SED 1.40

DS-SED 1.27

DS-SED 1.51

MS-SED 38.15

MS-SED 11.37

MS-SED 11.23

MS-SED 16.74

MS-SED 10.83

MS-SED 17.ß
MS-SED 16.15

DS-SED 1.47

DS-SED I.66
DS.SED 2.18
BMS-SED 4.O4

BMS-SED 4.05
BMS-SED 3.20
BMS-SED 7.68
BMS-SED 2.71

BMS-SED 7.56
BMS.SED 25,55

M/S hex/mono

0.883 mono

0.924 hex

0.915 hex

0.866 mono

0.874 mono

0.873 mono

0.874 mono

0.884 mono

0.878 mono

0.896 mono

0.883 mono

0.919 hex

0.899 hex

0.931 hex

0.904 hex

0.927 hex

0.940 hex

0.903 hex

0.894 mono

0.867 mono

0.888 mono

0.874 mono

0.895 mono

0.912 hex

0.916 hex

0.919 hex

0.919 hex

0.916 hex

0.893 mono

0.899 hex

0.887 mono

0.875 mono

0.891 mono

0.894 mono
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Sample

JL99-T1 -26

JL98.WL-03
JL98-WL-03
JL98-WL-03
JL98-WL-03
JL98-WL-03
JL98-WL-06
JL98-WL-06
JL98-WL-06
JL98-WL-06
JL98-WL-06
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL.Og

JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL.Og

JL98-WL-09
JL98-WL-09
JL98-WL-10
JL98-WL-10
JL98-WL.1O

JL98-WL-10
JL98-WL-10
JL98.WL-1 1

JL98-WL-1 1

JLg8-WL-I I
JL98-WL-13

Mineral Ore Body Wo/6(S )
po ïl 39.01

po WL 39 03
po WL 39.14
po WL 39.35
po WL 39.51

po WL 39.78
po WL 39.39
po WL 39.21

po WL 39.43
po WL 39.30
po WL 39.34
po WL 39.46
po WL 39.37
po WL 39.76
po WL 39.51

po WL 39.24
po WL 39.41
po WL 39.54
po WL 40.61
po WL 41 .05
po WL 39.62
po WL 39.53
po WL 39.44
po WL 41 .08
po WL 41 .O4

po WL 40.96
po WL 40.51
po WL 39.38
po WL 39.16
po WL 39.41

po WL 39.57
po WL 39.60
po WL 39.51
po WL 39.43

WoÁ(Fe) W%(co) W%(N¡)
60.80 0.05 0.17
59.28 0.02 0.71

59.20 0.04 0.55
59.83 0.03 0.62
59.87 0.07 0.44
59.53 0.04 0.59
57.91 0.02 0.64
59.89 0.04 0.64
59.12 0.04 0.80
59.04 0.o2 0]3
58.52 0.03 0.72
59.54 0.06 0.73
59.33 0.06 0.69
59.46 0.07 0.69
59.69 0.00 0.69
59.45 0.04 0.80
59.71 0.03 0.69
59.34 0.04 0.75
56.54 0.03 2.36
56.43 0.00 2.35
60.19 0.04 0.72
60.83 0.03 0.64
60.84 0.03 0.64
57.77 0.08 1 .41

57.98 0.05 2.25
56.44 0.04 2.14
58.18 0.05 1 .06

60.40 0.o2 0.59
60.25 0.01 0.60
60.55 0.04 0.58
60.41 0.01 0.94
59.70 0.06 1.04
60.29 0.05 0.29
60.30 0.00 0.26

W%(Cu) WoÁ(As) Total
0.00 0.00 100.15
0.03 0.00 99.13
0.00 0.01 98.97
0.05 0.01 99.94
0.00 0.01 99.97
0.00 0.00 99.99
0.01 0.00 98.06
0.00 0 00 99.86
0.01 0.o2 99.51

0.00 0.00 99.18
0.00 0.00 98.67
0.00 0.00 99.90
0.00 0.00 99.49
0.00 0.00 100.00
0.00 0.00 99.93
0.0r 0.00 99.56
0.00 0.00 99.90
0.01 0.00 99.71

0.03 0.00 99.63
0.00 0.00 99.94
0.00 0.00 100.64
0.01 0.00 101 .16

0.04 0.00 101 .06

0.03 0.00 100.52
0.03 0.04 101 .41

0.02 0.01 99.77
0.04 0.01 99.92
0.04 0.00 100.48
0.00 0.01 100.09
0.06 0.03 100.70
0.16 0.02 I 01 .1 6

o.22 0.00 100.67
0.21 0.03 100.44
0.00 0.00 100.02

Sulphide Class

BMS-SED

IS.U

IS-U

IS-U

IS-U

ls-u
IS-U

IS.U

IS-U

IS-U

IS-U

MS-UB

MS-UB

MS-UB

MS-UB

MS-UB

MS-UB

MS-UB

IS-U

ts-u
IS-U

IS-U

IS-U

IS-U

IS-U

DS-U

DS-U

DS-U

DS-U

DS-U

MS-SED

MS-SED

MS-SED

BMS-SED

Ni/Co M/S

3.34 0.900

28.67 0.883

1s.35 0.877

20.41 0.884

6.32 0.878

13.35 0.868

30.24 0.855

16.21 0.887

18.22 0.874
37.43 0.874

22.16 0.865

11.60 0.878

12.21 0.876

10.42 0.869
984.14 0.878

20.74 0.882

20.23 0.880

18.52 0.873

68.13 0.832

1956.67 0.822
20.48 0.884

22.11 0.89s

18.72 0.896

18.1 3 0.829

ß.79 0.843

59.90 0.822
19.28 0.841

29.34 0.890

78.43 0.893

13.14 0.892
68.07 0.892

17.38 0.884

5.32 0.885
1306.50 0.882

hex/mono

hex

mono

mono

mono

mono

mono

mono

mono

Appendix 3

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono
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Sample

JL98-WL-13
JL98-WL-13
JL9B.WL-17

JL98-WL-17
JL98-WL-17

JL98-WL-18A
JL98-WL-I8A
JL98.WL-18A
JL98-WL-18A
JL98-WL-I8A
JL98.WL-18A
JL98-WL-19
JL98-WL-19
JLg8-WL-I9
JL98-WL-19
JL98.WL-1 9

JL98-WL-21

JL98-WL-21

JL98-WL-21

JL98-WL-2I
JL98-WL-23
JL98-WL-23
JL98-WL-23
JL98-WL-24
JL98-WL-24
JL98-WL-24
JL98-WL-25
JL98-WL-25
JL98-WL-25
JL98-WL-25
JL98-WL-25
JL98-WL-26
JL98-WL-26
JL98-WL-26

Mineral Ore Body W%(S )
po WL 39.42
po WL 39.57
po WL 39.89
po WL 38.85
po WL 39.17
po WL 38.62
po WL 38.85
po WL 39.18
po WL 39.13
po WL 39.23
po WL 39.21
po WL 39.75
po WL 39.42
po WL 39.49
po WL 39.55
po WL 39.21
po WL 39.41
po WL 39.45
po WL 39.63
po WL 39.52
po WL 39.56
po WL 39.48
po WL 39.32
po WL 38.73
po WL 39.40
po WL 39.42
po WL 39.67
po WL 39.49
po WL 39.82
po WL 39.76
po WL 39.44
po WL 39.38
po WL 39.55
po WL 39.28

W%(Fe) WoÁ(Co) Wo/6(Ni)

59.35 0.04 0.20
60.43 0.02 0.27
61 .26 0.08 0.14
59.78 0.04 0..10

60.43 0.04 0.12
59.59 0.05 0.33
60.59 0.05 0.27
60.14 0.04 0.24
60.65 0.o2 0.31

61 .06 0.o2 0.29
61 .O2 0.02 0.32
60.47 0.05 0.46
59.28 0.04 0.44
59.48 0.05 0.47
60.04 0.03 0.44
59.88 0.04 0.41

59.64 0.05 0.53
60.99 0.05 0.57
60.46 0.06 0.53
60.82 0.06 0.49
61 .36 0.06 0.50
59.11 0.05 0.46
60.74 0.02 0.47
60.4s 0.04 0.s4
60.19 0.03 0.24
60.21 0.07 0.32
59.71 0.04 0.25
60.27 0.06 0.16
60.49 0.02 0.20
59.57 0.07 0.30
60.02 0.04 0.32
60.04 0.03 0.53
59.45 0.05 0.59
58.32 0.o2 0.57

Wo,6(Cu) W%(As) Total
0.00 0.01 99.05
0.01 0.03 100.41

0.00 0.04 101 .48

0.00 0 03 98.89
0.00 0.00 99.78
0.01 0.00 98.67
0.06 0.00 99.85
0.01 0.01 99.66
0.01 0.00 100.18
0.00 0.00 100.67
0.o2 0.00 100.64
0.00 0.00 100.78
0.01 0.00 99.25
0.00 0.03 99.57
0.03 0.01 100.12

0.00 0.00 99.56
0.00 0.00 99.72
0.00 0.00 101 .10

0.00 0.00 100.75
0.01 0.02 100.96
0.00 0.00 101 .57

0.01 0.00 99.21

0.00 0.00 100.56
0.00 0.00 99.77
0.1 1 0.00 100.08
0.00 0.o2 100.12

0.00 0.03 99.74
0.01 0.00 100.06
0.00 0.00 100.55
0.01 0.00 99.78
0.00 0.03 99.91

0.00 0.00 100.02
0.01 0.00 99.74
o.o2 0.03 98.39

Sulphide Class

BMS-SED

BMS-SED

DS-SED

DS-SED

DS.SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

DS.SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-U

DS-U

DS.U

DS-U

DS-U

DS-U

DS-U

DS-U

DS-SED

DS-SED

DS-SED

Ni/Co M/S

5.11 0.868

11.28 0.882

1.87 0 886

2.49 0.887

3.10 0.889

6.54 0 892

sj4 0 901

6.40 0.886

20.66 0.895

18.47 0.899

1s.86 0.899
9.27 0.88'1

10.67 0.871

9.02 0.873

14.67 0.879

10.68 0.883

10.54 0.878

11.05 0.897

9.33 0.885

8.32 0.892

8.57 0.899

9.29 0.868

22.34 0.894

14.02 0.904

7.33 0.883

4.71 0.883

5.96 0.869

2.85 0.880

8.46 0.875

4.03 0.866

8.99 0.880

18.10 0.884

10.90 0.873

24.02 0 863

hex/mono

mono

mono

mono

mono

mono

mono

hex

mono

mono

hex

hex

mono

mono

mono

mono

mono

mono

mono

mono

mono

hex

mono

mono

hex

mono

mono

mono

mono

mono

mono

mono

mono

mono

mono
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Sample

JL98-WL-26
JL98-WL-26
JL98-WL-30
JL98-WL-30
JL98.WL-30
JL98-WL.3O

JL98-WL-30
JL98-WL-30
JL98-WL-30
JL98-WL-30
JL98-WL-30
JL98.WL-31

JL98-WL-3I
JL98-WL-3I
JL98-WL-31

JL98.WL-32
JL98-WL-32
JL98-WL-32
JL98-WL-32
JL98-WL-33
JL98-WL-33
JL98-WL-33
JL98-WL-33
JL98-WL-33
JL98-W1.33
JL98-WL-34
JL98-WL-34
JL98-WL-34
JL9B-WL-34

JL98-WL-34
JL98-WL-34
JL98-WL-34
JL98-WL-34
JL98-l C-1 9

Mineral
po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

pn

Ore Body W%(s )

wL 39.39

wL 39.45

wL 38.88

wL 38.77

wL 38.85

wL 39.08

wL 39.16

wL 39.10

wL 39.21

wL 39 08
wL 38.83

wL 39.61

wL 39.93

wL 39.68

wL 39.57

wL 39.42

wL 39.52

wL 39.51

wL 39.58

wL 39.56

wL 39.64

wL 39.60

wL 39.16

wL 39.65

wL 39.92

wL 39.82

wL 39.55

wL 39.48

wL 39.56

wL 39.51

wL 39.33

wL 39.28

wL 39.52

1C 33.13

WoÁ(Fe) Wo,6(Co) Wo/6(N¡)

58.42 0.04 0.50
59.27 0.03 0.58
61 .89 0.04 0.o2
61 .76 0.06 0.05
61 .67 0.05 0.05
61 .47 0.03 0.04
62.27 0.04 0.07
61 .86 0.03 0.07
61 .69 0.05 0.06
61 .82 0.06 0.05
61 .38 0.03 0.03
59.76 0.03 0.05
59.74 0.06 0.07
59.58 0.06 0.06
59.42 0.05 0.03
60.27 0.04 0.08
60.28 0.06 0.04
60.40 0.00 0.05
59.1 I 0.08 0.08
60.50 0.04 0.38
60.31 0.05 0 34
60.51 0.06 0.36
59.56 0.05 0.34
59.71 0.05 0.36
60.82 0.06 0.35
59.61 0.04 0.68
58.14 0.08 1.11

61 .06 0.03 0.63
61 .54 0.00 0 53
60.65 0.03 0.64
60.83 0.06 0.76
61 .71 0.05 0.67
60.78 0.04 0.71

30.84 0.57 35.71

Wo,6(Cu) Wo,6(As) Total
0.00 0.00 98.42
0.01 0.01 99.38
0.04 0.00 100.97
0.37 0.00 101 .79

0j4 0.01 100.83
0.01 0.05 100.71

0.04 0.00 101 .88

0.03 0.04 101 .20

0.03 0.00 101 .09

0.01 0.00 101 .23

0.00 0.03 100.34
0.00 0.00 99.56
0.01 0.00 99.96
0.04 0.00 99.48
0.00 0.01 99.15
0.00 0.00 99.84
0.00 0.00 99.96
0.00 0.00 100.01

0.01 0.00 98.99
0.00 0.00 100.54
0.00 0.01 100.39
0.00 0.00 100.59
0.00 0.o2 99.20
0.04 0.00 99.84
0.00 0.00 1 01 .1 8

0.00 0.00 100.19
o.02 0.00 98.94
0.04 0.00 101 .34
0.00 0.00 101 .72

0.00 0.00 .t 00.85
0.00 0.o2 101 .09

0.02 0.00 101 .81

0.00 0.02 101 .11

0.03 0.o2 100.41

Sulphide Class

DS-SED

DS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

BMS-SED

DS-SED

DS-SED

DS-SED

DS-SED

MS-SED

MS-SED

MS-SED

MS-SED

MS-SED

MS.SED

MS-SED

MS-SED

MS-SED

MS-SED

MS-SED

MS-SED

MS-SED

MS-SED
SMS-SED

Ni/Co M/S

11.35 0.860

22.30 0.872

0.53 0 916

0.87 0.931

0.94 0 916

1.18 0.905

1.68 0.919

2.39 0.91 1

1.13 0.906

0.89 0.913

0.96 0.909

1.63 0.869

1.17 0.863

1.O7 0.865
0.66 0.864

1.92 0.880
0.61 0.878

10.11 0.879

1.05 0.862

9.41 0.885
6.61 0.880
6.36 0.884
6.29 0.879

7.68 0.871

5.57 0.881

15.72 0.870

13.39 0.862

19.52 0.899

333.88 0 902

18.79 0.891

12.88 0.901

12.40 0.913

19.47 0.894
62.59

he)dmono

mono

mono

hex

hex

hex

hex

hex

hex

hex

hex

hex

mono

mono

mono

mono

mono

mono

mon0

mono

mono

mono

mono

mono

mono

mono

mono
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mono

hex

hex

mono

hex

hex

mon0
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Sample

JL98-1 C-1 I
JL98-1 C-1 I
JL98-1 C-1 I
JL98-1 C-1 I
JL9B-1 C-20

JL98-1 C-20

JL98-1 C-20

JL98-1 C-21

JL98-1 C-21

JL98-1 C-21

JL98-r C-21

JL98-1 C-24A

JL98-l C-24A

JL98-1 C-24A
JL98-1 C-24A

JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL98-1 C-258
JL9B-1 C-25D

JL98-1 C-25D

JL98-1 C-25D

JL9B-1 C-30

JL9B-1 C-30

JL98-l C-30

JL98-1 C-30

JL98-1 C-30

JL98-t C-30

JL98-1 C-30

JL98-'t C-30

Mineral
pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

Ore Body Wo/6(S )
1C 33.18

1C 32.89

1C 33 16

1C 33.19

1C 33.52

1C 33.23
1- aaa1JJ.J 

'
1C 33.38

1C 33.10

1C 33.23
1C 33.22
1C 33.55
1C 33.39

1C 33.13

1C 33.34

1C 33.24

1C 33.30

1C 33.40

1C 33.37
1C 33.23
I C 33.19

1C 33.23

lC 33.21

1C 33.29

1C 33.43

1C 33.63

1C 33.20
't c 33.46

I C 33.46

1C 33.49

1C 33.37

1C 33.28

1C 33.27

I C 33.36

Wo,6(Fe) WoÁ(Co) WoÁ(Ni)

30.99 0.67 35.45
30.s6 0.57 36.50
31 .08 0.59 36.18
30.97 0.57 36.13
30.99 0.15 36 52
30.80 0.12 36.68
30.88 0j2 36.73
31.s3 0.58 35.60
3r.03 0.59 35.46
30.82 0.54 3s.87
31 .10 0.50 35.34
30.89 0.35 3s.12
30.90 0.37 36.20
30.81 0.39 36.33
3í .05 0.38 35.89
29.59 0.81 36.60
29.31 0.86 36.84
28.35 0.87 37.25
29j0 0.75 36.55
29.76 0.74 36.45
29.65 0.83 36.49
30.30 0.78 36.53
29.73 0.75 37.11

29.47 0.70 37.17
29.19 0.90 37.29
29.86 0.81 37.00
31 .34 0.65 34.33
31 .29 0.69 33.99
30.97 0.70 34.34
30.06 0.72 34.64
30.01 0.60 34.63
30.27 0.73 34.71

30.36 0.71 35.21

31 .15 0.62 34.45

W%(Cu) Wo,6(As) Total
0.02 0.00 100.44
0.00 0.04 100.67
0.00 0.01 101 .O7

0.00 0.01 100.96
0.08 0.01 101 .39

0.04 0.00 100.92
0.00 0.03 101 .28

0.08 0.02 101.30
0.05 0.00 100.37
0.05 0.02 100.60
0.00 0.00 100.26
0.02 0.02 100.03
o.02 0.o2 101 .03

0.03 0.o2 100.78
0.00 0.00 100.68
0.03 0.0'l 100.40
0.01 0.00 100.39
0.03 0.02 100.04
0.00 0.03 99 86
o.o2 0.o2 100.30
0.03 0.00 100.25

0.01 0.00 100.96
0.00 0.00 100.87
0.01 0.03 100.76
0.00 0.00 100.92
0.05 0.00 101 .47

0.00 0.00 99.62
0.14 0.00 99.71

0.31 0.00 99.88
0.01 0.00 99.00
0.00 0.00 98.74
o.17 0.02 99.29
0.03 0.01 99.67
o.o2 0.00 99.71

Sulphide Class Ni/Co

SMS-SED 52.98
SMS-SED 64.05

SMS-SED 61 .72

SMS-SED 62.99

MS-SED 251 .36

MS-SED 314.35
MS-SED 301 .83

SMS-SED 61 .24

SMS-SED 59.63
SMS-SED 65.88
SMS-SED 71.12
MS-SED 100.72

MS-SED 97.16

MS-SED 92.53

MS-SED 94.10

MS-SED 45.19

MS-SED 42.80
MS-SED 42.98

MS-SED 48.57

MS-SED 49.45

MS-SED 44.06

MS-SED 47.06
MS-SED 49.37

MS-SED 52.88

MS-SED 41 .40

MS-SED 45,58
SMS-SED 53.03

SMS.SED 49.10
SMS-SED 49.41

SMS-SED 48.20

SMS-SED 58.13
SMS-SED 47.32
SMS-SED 49.56
SMS-SED 55-96
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Sample

JL98-1 C-30

JL98-1 C-30

JL99-1 C-35

JL99-1 C-35

JL99-'t C-35

JL98-1 D-1 3a

JL98-1 D-1 3a

JL98-1 D-1 3a

JL98-l D-l 3a

JL98-1 D-1 3a

JL98-1 D-1 3a

JL98-1 D-1 3a

JL98-1 D-1 3a

J 198-1 D-1 3b
JL98-1 D-1 3b
JL98-1 D-1 3b

JL98-1 D-1 3b

JL98-l D-1 3b

JL98-1 D-1 3b
JL98-1 D-1 4

JL98-1 D-1 4

JL98-1 D-14

JL98-1 D-1 4
JL98-1 D-'14

JL98-1 D-14

JL98-l D-1 4
JL98-1 D-1 5

JL98-1 D-1 5

JL98-1 D-1 5

JL98-1 D-1 5

JL98-1 D-1 5

JL98-1 D-1 5

JL98-1 D-1 6

JL98-1 D-1 6

Mineral

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

Ore Body Wo,6(S )
1C 33.26

1C 33.23

1C 33.63

1C 33.36

1C 3366
1D 33.33

1D 33.40

1D 33.52

1D 33.45

1D 33.63

1D 33.32

1D 33.44

1D 33.52

1D 33.64

1D 33.33

1D 33.45

1D 33.23

1D 33.50

1D 33.15
I D 33.22

1D 33.56

1D 33.43

1D 33.47

1D 33.39

1D 33.49

1D 33.26

1D 33.31

1D 33.03

1 D 33.19

1D 33.37

1D 33.07

1D 33.12

1D 3308
1D 33.29

Wo,6(Fe) Wo,6(Co) Wo,6(Ni)

30.23 0.64 35.44
30.86 0.64 34.68
29.46 0.65 36.21

28.90 0.65 36.71

28.67 0.56 36.61

30.81 0.20 35.76
30.84 0.19 35.44
30.31 0.22 36.52
30.51 0.24 36.31

30.97 0.30 36.33
30.49 0.22 36.31

31 .20 0.21 36.66
31 .24 0.2s 36.59
30.89 0.46 35.28
30.28 0.40 35.66
30.78 0.47 35.30
30.83 0.4s 35.34
30.96 0.45 35.71

30.57 0.47 34.70
30.49 0.33 35.86
30.63 0.35 35.63
31 .10 0.30 35.31

30.87 0.32 35.43
30.62 0.32 35.13
30.88 0.25 35.46
30.57 0.30 35.22
30.72 0.16 35.98
30.58 0.24 36.28
30.47 0.14 36.70
31 .26 0.18 35.20
31 .35 0.15 35.62
30.49 0.23 35.94
30.99 0.30 36.70
31 .18 0.28 35.93

Wo,6(Cu) Wo,6(As) Total
0.03 0.02 99.69
0.04 0.00 99.62
0.02 0.02 100.07
o.o2 0 00 99.72
0.00 0.01 99.68
0.04 0.00 100.27
0.01 0.00 99 94
0.01 0.02 100.68
0.00 0.00 100.59
0.03 0.00 101.34
0.00 0.o2 100.41

0.00 0.01 101 .59

0.02 0.00 101 .71

0.02 0.o2 100.38
0.00 0.00 99.84
0.05 0.02 100.23
0.03 0.01 99.87
0.03 0.00 100.76
0.00 0.01 98.98
0.04 0.01 99.97
0.02 0.01 100.25
0.10 0.01 100.28
0.o2 0.00 100.22
o.o2 0.00 99.59
0.00 0.01 100.21

0.02 0.00 99.60
0.02 0.00 100.36
0.04 0.00 100.27
0.04 0.00 100.57
0.06 0.00 100j4
o.02 0.00 100.27
0.03 0.00 100.03
0.09 0.03 101 .21

0.01 0.01 100.82

Sulphide Class Ni/Co

SMS-SED 55.72

SMS-SED 54.57

MS-SED 55.58

MS-SED 56.27

MS-SED 65.65

SMS-SED 175.66

SMS-SED 188.90

SMS-SED 166.44

SMS-SED 148.91

sMs-sED 121 .06

SMS-SED 168.82
SMS-SED 173.25

sMs-sED 145.31

DS-SED 77 23

DS-SED 89.77

DS-SED 75.76

DS-SED 82.16

DS-SED 80,06

DS-SED 73,39
SMS-SED ,I09.92

SMS-SED 102.35

SMS-SED I19.57
sMs-sED 1 10.00

SMS-SED 108.97

SMS-SED 144.33

SMS-SED 1 16.66

SMS-SED 229.63

SMS-SED 152.70

SMS-SED 260.47
SMS-SED 192.04

SMS-SED 232.05
SMS-SED 157.84
SMS-SED 122.18

sMs-sED 127.32

he></mono
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Sample

JL98-1 D-1 6

JL98-l D-1 8A

JL98-1 D-1 8A

JL98-l D-1 8A

JL98-1 D-r 8A

JL98-1 D-1 8A

JL98-1 D-1 88
JL98-1 D-1 8B

JL98-1 D-188

JL98-1 D-1 I
JL98-1 D-l I
JL98-1 D-l I
JL98-1 D-1 I
JL98-1 D-l I
JL98-1 D-r I
JL98-1 D-'1 I
JL98-1 D-1 I
JL98-l D-l I
JL98-l D-21

JL98-1 D-21

JL99-1 D-37

JL99-1 D-37

JL99-1 D-37

JL99-1 D-37

JL99-1 D-38

JL99-1 D-38

JL99-1 D-38

JL99-1 D-39

JL99-1 D-39

JL99-1 D-39

JL98-BT.O1

JL98.BT-01

JL98-BT-OI

JL98-BT-01

Mineral Ore Body Wo,6(S )
pn 1D 33.05
pn 1D 33.44
pn 1D 33.26
pn 1D 33.30
pn 1D 33.33
pn 1D 33.61

pn 1D 33.25
pn I D 33.39
pn 1D 33.15
pn 1D 33.54
pn 'l D 33.65
pn 1D 33.49
pn 1D 33.39
pn 1D 33.49
pn 1D 33.63
pn 1D 33.35
pn 1D 33.42
pn '1 D 33.46
pn I D 32.82
pn lD 33.12
pn I D 33.92
pn 1D 33.42
pn 1D 33.51
pn 1D 33.63
pn 1D 33.53
pn 1D 33.60
pn 1D 33.52
pn 1D 33.59
pn 1D 33.62
pn 1D 33.7'l
pn BT 33.44
pn BT 32.65
pn Bï 33.46
pn Bï 33.16

W%(Fe) Wo,6(Co) W%(Ni)
30.45 0.39 35.59
29.81 0.29 37.71

29.60 0.22 37.19
30.49 0.29 36 64
30.53 0.27 36.69
30.40 0.25 37.37
30.91 0.69 36.02
31 .34 0.65 36.03
30.97 0.53 36.22
31 .39 0.35 35.74
31 .42 0.35 36.17
31 .17 0.34 35.92
30.68 0.38 35.87
30.83 0.34 35.78
31 .05 0.36 36.s6
31 .56 0.31 36.11

31 .31 0.30 36.23
31 .45 0.32 36.28
30.44 0.32 34.56
29.21 0.29 35.48
32.51 0.71 32.78
30.81 0.83 34.91

31 .18 0.77 34.59
31 .50 0.58 34.46
30.90 0.89 34.85
31 .15 0.79 35.24
30.74 0.92 34.95
30.75 0.84 34.64
31 .19 0.81 34.56
31 .12 0.85 34.69
27.95 2.81 35.39
27.82 2.99 36.01

27.82 3.13 34.98
26.89 3.28 35.89

WoÁ(Cu) Wo,6(As) Total

0.04 0.00 99.58
0.00 0.01 101 .39

0.01 0.o2 100.37
0.04 0.00 100.83
0.04 0.01 100.94
0.01 0.01 101 .76

0.00 0.o2 101 .03

0.03 0.00 101 .49

0.04 0.01 101 .O2

o.o2 0.00 101 .20

0.00 0 00 101 .65
0.07 0.01 101 .12

0.00 0.00 100.43
0.07 0.o2 100.61

0.05 0.00 101 .74
0.07 0.02 101 .59

0.01 0.00 101 .34
0.03 0.00 101 .60

0.11 0.03 98.38
0.07 0.00 98.25
0.00 0.00 100.00
0.07 0.00 1 00.1 I
0.o2 0.03 100.20
0.00 0.00 100.23
0.00 0.00 100.29
0.01 0.01 100.82
0.00 0.00 100.20
0.00 0.00 99.95
0.00 0.01 100.27

0.02 0.01 100.54
0.04 0.00 99.80
0.00 0.00 99.53
0.05 0.02 100.08
0.00 0.00 99.29

Sulphide Class Ni/Co

SMS-SED 92.08
SMS-SED 131 .22

SMS-SED 168.52
sMs-sED 125.70

SMS-SED 136.35

SMS-SED 147.59

DS-SED 51.85

DS-SED 55.85

DS-SED 67.77

SMS-SED 102.42

SMS-SED 103.53
SMS-SED 104.50

SMS-SED 94.80
SMS-SED 105.78
SMS-SED 101 .46

SMS-SED 116.53

SMS-SED 120.05
SMS-SED ,I ,I3.60

DS-SED 108.23
DS.SED 122.65
BMS-SED 46.01

BMS-SED 42.01

BMS-SED /t5.12

BMS-SED 59.50

BMS.SED 38.97
BMS-SED 44.34

BMS-SED 38.01

BMS-SED 41 .21

BMS-SED 42.50

BMS-SED 40.81

DS-U 12.58

DS-U 12.04

DS-U 1 1 .18

DS-U 10 93

M/S hex/mono
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Sample

JL98.BT-02
JL98-BT-02
JL98-BT-02
JL98-BT-02
JL98-BT-02
JL98-BT-02
JL98.BT-02
JL98.BT-03
JL98-BT-03
JL98-BT-03
JL98-BT-03
JL98-BT-03

JL98.BT-03
JL98-BT-08
JL98-BT-08
JL98-BT-08

JL98-BT-08
JL98-BT-09
JL9B-BT-09

JL98-BT-09
JL98-BT-09

JL98-BT-09
JL98-BT-1 O

JL98-BT-1 O

JL98.BT-1 I
JL98-BT-I 1

JL98-BT-1 1

JL98-BT-1 I

JL98-BT-1 1

JL98-BT-1 1

JL98.BT-1 1

JL98-BT-1 6A

JL98-BT-1 6A
JL98-BT-,I6A

Mineral Ore Body Wo,6(S )
pn BT 33.08
pn BT 33.24
pn BT 33.06
pn BT 33.71

pn BT 33.21

pn BT 33.36
pn BT 33.10
pn BT 33.41

pn BT 33.33
pn BT 33.21

pn BT 33.41

pn BT 33.32
pn BT 33.43
pn BT 33.61

pn BT 33.40
pn BT 33.41

pn BT 33.33
pn BT 32.06
pn BT 32.87
pn Bï 33.15
pn BT 33.'13

pn BT 33.09
pn BT 33.59
pn BT 33.36
pn Bï 33.53
pn BT 33.48
pn BT 33.84
pn BT 33.53
pn BT 33.46
pn BT 33.25
pn BT 33.34
pn BT 33.45
pn BT 33.09
pn BT 33.13

Wo,6(Fe) W%(Co)
30.12 1.55

29.88 1.49
30.41 1.31

30.57 1.53

31.55 1.44

31 .31 1.37
32.11 1.53
32.65 1.52

32.49 1.61

32.34 1.63

32.65 1.61

31 .78 1.69

31 .s2 1.89
31 .59 1.20
30 97 'l .88

31 .70 1.ß
31 .92 1.41

19.25 6.85

19.33 6.98

19.49 7.O7

18.90 6.82

19.36 6.74

30.34 1.34

31 .41 1.57

32.76 1.35
32.68 1.31

32.37 1.22

32.92 1.31

32.42 1.83

32.56 1.86
32.88 1.86
30.15 1 .94

30.97 1.84
31 .4s 1.47

WoÁ(Ni) W%(cu)
34.50 0.02

33.88 0.00

34.28 0.O2

32.46 0.O2

33.15 0.07

33.54 0.06

32.88 0.00

33.18 0.01

33.66 0.00
33.48 0.03

33.34 0.O2

33.53 0.O2

33.50 0.20

33.8'1 0.o2

33.83 0.03

33.44 0.00

33.61 0.03

40.26 0.03

40.42 0.00

41 .40 0.09

41 .29 0.O2

41 .42 0.00

35.36 0.07

34.51 0.00

32.79 0.01

33.05 0.03

33.14 0.o4

32.68 0.04

32.45 0.00

32.15 0.03
32.37 0.00

35.55 0.02

35.22 0.01

35.59 0.00

Appendix 3

W%(As) Total

0.00 99.30

0.00 98.61

0.00 99.21

0.00 98.33

0.00 99.54

0.00 99.74

0.00 99.69

0.00 100.87

0.00 101 .16

0.00 100.81

0.00 101 .03

0.00 100.39
0.00 100.59
0.02 100.39

0.00 100.25
0.00 100.15
0.00 100.44

0.00 98.58

0.00 99.72

0.o7 101 .39

0.00 100.27

o.o2 100.71

0.00 100.83
0.00 100.95

0.01 100.59

0.00 100.57

0.00 100.71

0.00 100.59

0.00 100.24

0.00 99.94

0.00 100.53

0.00 101 .24
0.00 101 .23

0.00 101 .66

Sulphide Class Ni/Co

MS-UB 22.26

MS-UB 22.81

MS-UB 26.13

MS-UB 21 .26

MS.UB 22.97

MS-UB 24.57

MS-UB 21 .47

ts-u 21 .80

ts-u 20.86

ts-u 20.51

ls-u 2072
ts-u 19.87

ts-u 17.72

MS-UB 28.29

MS-UB 18.04

MS.UB 22.65
MS-UB 23.84
DS-U 5.88

DS-U 5.79

DS-U 5.86

DS-U 6.05

DS-U 6.14

MS-SED 26.40

MS-SED 22.03
DS-U 24.25

DS-U 2s.26

DS-U 27.20

DS-U 24.97

DS-U 17.71

DS-U 17.32

DS-U 17.39

DS-U 18.31

DS-U 19.17

DS-U 24j7

t78



Sample

JL98-BT-1 6B

JL98-BT-1 6B

JL98-BT-1 6B

JL98-BT-1 6B

JL98-BT-1 6B

JL98-BT-,I 6B

JL98-81-22
JL98-BT-22

JL98-BT-22

JL98-BT-22

JL99-BU-01

JL99-BU.O1

JL99-BU-0,1

JL99-BU-02

JL99-BU-02
JL99-BU-02

JL99-BU-02

JL99-BU-04
JL99-BU-04
JL99-BU-04
JL99-BU-04
JL99-BU-05
JL99-BU-05

JL99.BU-05
JL99-BU-05

JL99-BU-08

JL99-BU.O8

JL99-BU-08

JL99-BU-08

DM98-1C-02

DM98-'t C-02

DM98-1 C-02

DM98-1 C-02

DM98-1 C-02

Mineral Ore Body Wo/6(S )
pn Bï 32.86
pn BT 32.72
pn BT 32.81

pn BT 32.44
pn BT 32.95
pn BT 33.13
pn BT 32.71

pn BI 32.60
pn Bï 32.83
pn BT 32.70
pn BU 33.64
pn BU 33.72
pn BU 33.63
pn BU 33.85
pn BU 33.82
pn BU 33 50
pn BU 33.99
pn BU 33.49
pn BU 33.69
pn BU 33.83
pn BU 33.93
pn BU 33.89
pn BU 34.32
pn BU 33.65
pn BU 33.77
pn BU 33.63
pn BU 34.09
pn BU 33.94
pn BU 33.69
pn 1C 33 63
pn 1C 33.56
pn I C 33.39
pn 1C 33.42
pn 1C 33.49

Wo,6(Fe) W%(co) WoÁ(Ni)

30.59 1.25 34.81

30.86 1.28 35.59
31 .28 1.s6 34.10
30.97 1.24 34.98
31 .57 1.29 35.95
31 .s8 1.29 35.04
29.96 1.01 35.51

30.63 1.06 35.81

31 .27 1.05 36.61

30.05 1.09 36.47
32.11 0.15 34.73
30.98 0.15 35.01

31 .23 0.11 35.28
31 .56 0.23 34.64
31 .82 0.25 34.91

31 .70 0.22 34.90
31 .67 0.23 34.72
32.42 0.47 33.38
32.64 0.43 33.11

31 .89 0.47 33.10
33.02 0.51 33.13
31 .99 0.58 33.42
32.64 0.61 33.59
31 .40 0.95 33.46

31 .39 1 .00 33.15
29.65 0.34 35.85
29.75 0.37 36.30

30.65 0.31 36.11

30.03 0.29 36.27
32.51 0.72 33.93
32.76 0.67 34.07
32.52 0.71 33.55
32.25 0.64 33.52
32.71 0.61 34.16

WoÁ(cu) W%(As) Total
0.11 0.o2 99.73
0.10 0.o2 100.64
0.05 0.00 99.71

0.02 0.00 99.69
0.00 0.00 101 81

0.07 0.00 101 .17

0.01 0.00 99.24
0.00 0.00 100.26
0.03 0.00 101 .85

0.00 0.00 100.45
0.01 0.00 't 00.68
0.00 0.00 99.95
0.04 0.00 100.43
0.01 0.00 100.42
0.00 0.00 100.87
0.00 0.00 100.36
0.00 0.00 100.71

0.03 0.03 99.89
0.07 0.00 100.08
0.00 0.00 99.39
0.01 0.0't 100.67
0.09 0.o2 100.16

0.00 0.00 101 .28

0.02 0.00 99.64
0.02 0.00 99.48
0.06 0.00 99.57

0.00 0 00 100.55
0.00 0.o2 101 .19

0.00 0.00 100.35
0.04 0.00 100.92
0.06 0.02 101.20
0.01 0.00 100.31

0.03 0.00 99.94
0.00 0.00 101 .05

Sulphide Class Ni/Co

MS-UB 27.93

MS-UB 27.78

MS-UB 25.13

MS-UB 28.11

MS-UB 27.55

MS-UB 27.19

ts-u 35.18

ts-u 33.76

ts-u 34.87

ts-u 33.54
SMS-ARC 225.9s

SMS-ARC 234.34
SMS-ARC 331 .28

MS-ARC 147.91

MS-ARC 137.83

MS-ARC f 60.62

MS-ARC 152.01

ts-u 70.61

ts-u 77.59

ts-u 70.92

ls-u 64.62

ts-u 58.04

ts-u 54.95

ts-u 35.11

ls-u 33.25
SMS-ARC 106.57

SMS-ARC 99,05

SMS-ARC 11s.37

SMS-ARC 126.81

ts-u 47.40

ls-u 50 71

IS-U 47.27

ts-u 52.02

ts-u 55.96

M/S
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Sample

DM98-1 C-02

DM98-1 C-02
DM98-1 C-03

DM98-1 C-03

DM98-1 C-03

DMgB-1C-04

DM98-1 C-04

DM98-1 C-04

DM98-1 C-05

DM98-1 C-05

DM98-1 C-05

DM98-1 C-06

DM98-1C-06

DM98-1 C-06

DM98-1 C-07

DM98-1 C-07

DM98-1 C-07

DM98-1C-08

DM98-1 C-08

DM98-1 C-08

DM98-1 C-09

DM98-l C-09

DM98-1 C-09

DM98-1 C-09

DM98-l C-09

JL99-SN-01

JL99.SN-01

JL99.SN-01

JL99-SN-02

JL99-SN.02
JL99-SN-02

JL99-SN-03

JL99.SN-03

JL99-SN-03

Mineral
pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

Ore Body

1C

1C

1C

1C

W%(S ) Wo,6(Fe)

34.09 32.74

33.44 32.91

33.99 32.53

34.04 32.86
33.84 33.00

33.61 33.07
33.65 33.47
33.51 33.30
32.67 33.75

34.05 34.96
34.06 35.00

33.55 34.20
33.52 34.20
33.73 34.40
33.62 31 .64
33.72 31 .71

33.45 31 .15

33.17 29.94
33.28 30.30
33.23 29.99

33.43 30.10

34.04 30.11

33.57 30.79

33.56 30.92

33.71 3',t.24

34.70 29.39

33.53 28.55
33.58 28.42
33.57 28.98

33.96 28.57
33.68 28.56
34.06 31 .40

33.70 31 .28

33.78 31 .34

1C

1C

1C

1C

1C

1C

lc
1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

1C

SN

SN

SN

SN

SN

SN

SN

SN

SN

WoÁ(Co)

0.61

0.63

0.70

071
0.67

0.60

0.61

0.66

0.79

0.81

0.77

0.76

o.71

0.85

0.42

o.47

0.40

0.54

0.62

0.70

0.04

o.o2

0.54

0.49

o.41

0.91

0.90

0.91

0.86

0.85

0.91

1.00

1.O7

l.'t0

woÁ(ND

33.58

33.41

34.02

33.97

33.67

33.16

33.25

32.97

30.50

31 .42

31 .60

32.38

32.14

32.19

35.55

35.32

36.22

35.86

36.24

36.01

37.42

37.56

36.04

36.01

36.22

35.89

37.45

37.81

36.84

37.Æ
37.59

34.99

35.31

35.12

W%(cu) Wo,6(As) Totat

0.06 0 00 101 .14
o.o2 0.02 100.59
0.03 0.02 101 .44
0.00 0.00 101 .69

0.04 0.00 101.28

0.01 0.00 100.59
0.05 0.00 101 .09
0.05 0.00 100.59
0.02 0.00 97.87
0.03 0.01 101 .34
0.02 0.01 101 .52

0.01 0.00 101 .02
0.00 0.01 100.63
0.00 0.00 101 .32
0.00 0.01 101 .31

0.00 0.02 101 .32

0.00 0.03 101 .36
0.00 0.03 99.61

0.01 0.00 100.64
0.02 0.02 100.10
0.03 0.00 101 .16

0.04 0.00 101 .92

0.04 0.00 10,t .06
0.04 0.00 101 .22
0.04 0.02 101 .78

0.08 0.06 101 .11

0.02 0.00 100.54
0.03 0.02 100.83
0.03 0.00 100.40
0.04 0.00 100.96
0.06 0.00 100.89
0.00 0.01 101 .60

o.02 0.00 101 .45

0.00 0.01 101 .40

Sulphide Class Ni/Co

ts-u 55.43
ts-u 53.11

ts-u ß.77
ls-u 47.67

ts-u 50.40

DS-U 55.44

DS-U s4.95

DS-U 50.30
DS-U 38.63

DS-U 38.93
DS-U 41 .03

DS-U 42.49
DS-U 45.42

DS-U 37.97

MS-SED 85,31

MS-SED 74.68
MS.SED 90.57

DS-SED 66,1,I

DS-SED 58.36

DS-SED 51 .18

DS-SED 102527
DS-SED 1887.62

DS-SED 66.40

DS-SED 74.19
DS-SED 88.23

SMS-SED 39.62

SMS-SED 41.52

SMS-SED 41 .33

SMS-SED 42.60

SMS.SED 43.83
SMS-SED 41 .47

SMS-SED 34.84
SMS-SED 32.95
SMS-SED 32.02

hex/mono
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Sample

JL99-SN-03

JL98-Tl -04

JL98-T1-04
JL98-ï1 -04

JL98-Tt -04

J 198-T1 -04

JL98-T1 -04

JL98-T1 -04

J 198-T1 -04

JL98-T1 -04

JL98-T1 -04

JL98-T1 -04

J 198-ï1 -04

JL98-T1 -04

JL98-T1 -07

J 198-T1 -07

JL98-T1 -07

JL98-T1 -07

JL98-T1-07

JL98-T1 -07

JL98-T1 -09A

JL98-T1 -09A

JL98-Tl -09A

JL9B.T1 -O9A

JL98-T1 -09A

JL98-T1 -09A

JL98-T1 -09A

J 198-T1 -09A

JL98-T1 -09A

JL98-T1 -098
JL98-T1 -098
J 198-T1 -098
JL98-T1 -1 0

JL98-T't -10

Mineral
pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

Ore Body

SN

T1

T1

T1

ï1
T1

T1

T1

T1

T1

T1

ï1
T1

TI
T1

TI
T1

T1

T1

TI
T1

T1

T1

T1

T1

T1

11

T1

T1

T,I

T1

ï1
T1

TI

woÁ(s )

33.44

33.13

33.13

33.45

33.38

33.30

33.45

33.38

33.45

33.39

33.73

33.29

33.20

33.31

33.43

33.34

33.51

33.38

33.36

33.36

33.93

33.'16

33.67

33.22

33.31

33.34

33.25

33.33

33.09

33.49

33.1 5

32.69

33.22

33.58

Woó(Fe) WoÁ(Co) Wo/6(Ni)

30.82 1.06 35.35
31 .15 0.74 33.85
31 .46 0.76 34.63
31 .71 0.81 34.69
30.87 0.81 35.12
30.71 0.79 34.81

31 .08 0.83 34.47
31 .65 0.78 35.79
31 .74 0.83 34.28
3'1 .38 0.89 35.34
32.57 0.84 33.94
31 .78 0 71 34.95
31 .27 0.74 35.01

31 .75 0.65 34.ß
31 .50 0.81 34.70
31 .72 0.72 35.09
31 .80 0.82 35.2'l
30.86 0.78 35.19
30.96 0.55 35.35
31 .87 0.79 35.09
31 .36 0.65 34.11

30.63 0.64 35.24
31 .15 0.65 35.57
31 .41 0.71 35.17
31 .47 0.59 35.55
31 .53 0.56 35.72
31.95 0.88 35.47
31 .87 0.82 35.75
31 .83 0.63 35.62
33.21 0.89 34.03
32.01 0.94 34.44
32.14 0.63 34.31

31 .58 0.50 35.02
32.60 0.46 33.74

Wo,6(Cu) WoÁ(As) Total
0.06 0.02 100.82
0.00 0.00 98.91

0.01 0.01 100.05
0.00 0.00 100.80
0.02 0.00 100.28

0.01 0.00 99.75
0.00 0.01 99.99
0.06 0.00 101 .83

o.02 0.01 100.40
0.00 0.00 101 .05

0.16 0.00 101 .33

0.08 0.00 100.94
0.03 0.03 100.36
0.05 0.00 100.31

0.01 0.03 100.58
0.04 0.00 101 .06

o.o2 0.02 101.41

0.04 0.02 100.32
0.04 0.00 100.30
0.04 0.00 101.21

0.11 0.00 100.26
0.03 0.01 99.73
0.02 0.00 ,t 

01 .1 6
o.o2 0.01 100.60
0.00 0.00 101.04
0.03 0.00 101 .28

0.04 0.00 101 .63

0.00 0.00 101 .84
0.18 0.04 101 .50

o.o2 0.00 101 .73

0.04 0.01 100.71

0.02 0.00 99.88
0.03 0.01 100.40
0.01 0.00 100.50

Sulphide Class Ni/Co

SMS-SED 33.49

MS-UB 45.98
MS-UB 45.72

MS-UB 42.66
MS-UB 43.59
MS-UB 44.34
MS.UB 41 .77

MS-UB 45.86
DS-U 41.12

DS-U 39.85

DS-U 40.44

DS-U 49.23

DS-U 47.20
DS-U 52.9s

MS-UB 42.72

MS-UB 48.60

MS-UB 43.01

MS.UB 44.99

MS-UB 64.76

MS-UB 44.47

MS-UB 52.52

MS-UB 55.06

MS-UB 55,02

MS-UB 49.38

MS-UB 60.16

MS-UB 64.22

MS-UB 40.13

MS-UB 43.55
MS-UB 56.63

DS-U 38.35

DS-U 36.49

DS-U 54.60
DS-U 69.99
DS-U 73.13

he)dmono
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Sample

JL98-T1 -1 0

JL98-T1 -1 0
JL98-Tl -'1 0

JL98-T1 -1 1

JL98-T1-1 1

JL98-T1 -1 1

JL98-T1 -1 1

JL98-r1-12
J 198-T1 -1 2

JL98-T1 -1 2

JL98-T1 -1 2
J 198-T1 -1 2

JL98-T1 -1 2
JL98-T1 -1 2

JL98-T1 -1 2

JL98-T1 -1 2

J 198-T1 -r 2

JL98-T'1-1 2
JL98-T'1-12

JL98-T1 -1 3

JL98-T1 -1 3

JL98-T1 -1 3

J 198-T1 -1 3

JL98-T1 -1 3

JL98-T1 -1 3

JL9B-T1 -1 3

JL98-T1 -1 9

J 198-T1 -t I
JL98-T1 -1 I
JL98-T1 -1 I
J 198-T1 -1 I
JL98-WL-03
JL98-WL-03
JL98-WL-03

Mineral Ore Body Wo/6(S )
pn T1 33.69
pn T1 33.51
pn T1 33.52
pn T1 33.50
pn ï1 33.28
pn T1 33.46
pn T1 33.24
pn T1 33.14
pn T1 33.'t '1

pn T1 33.04
pn T1 33.27
pn Tl 33.41
pn T1 33.02
pn ïl 33.04
pn T1 32.92
pn T1 33.10
pn T1 32.71
pn T1 33.07
pn T1 33.1'l
pn T1 33.16
pn T1 33.29
pn T1 33.09
pn T1 33.18
pn ïl 33.16
pn ï1 33.21
pn f 1 33.27
pn ïl 33.18
pn T1 33.21
pn T1 33.05
pn T1 32.89
pn f 1 33.03
pn WL 33.42
pn WL 33.84
pn WL 33.21

W%(Fe) WoÁ(Co) W%(Ni)
32.25 0.s5 34.56
32.31 0.44 34.44
31 .57 0.51 34.05
32.14 0.68 35.36
32.05 0.70 3s.73
30.63 0.74 35 59
31 .'10 0.74 34.25
31 .66 0.61 34.43
31 .24 0.55 34.65
31 .60 0.52 34.66
30.78 0.68 34.61

30.64 0.66 33.99
31 .41 0.52 34.34
3l .13 0.57 34.81
31 .60 0.58 33.92
31.18 0.69 34.15
31 .62 0.74 33.85
31 .O2 0.64 34.21

31 .18 0.63 33.79
31 .34 0.81 34.41

31 .46 0.82 34.88
30.97 0.92 34.47
31 .84 0.69 35.13
30.97 0.69 35.71

31 .34 0.77 35.63
31 .74 0.73 34.18
28.90 0.70 38.1s
29.14 0.60 38.76
29.06 0.58 37.57
28.83 0.65 37.45
29.26 0.58 36.55
30.14 0.47 35.40
30.50 0.38 35.62
28.80 0.49 37.72

WoÁ(Cu) WoÁ(As) Totat

o.o2 0.o2 101 .12
0.04 0.00 100.82
0.08 0.01 99.95
0.05 0.02 101 .82
0.07 0.00 101 .91

0.03 0.00 100.60
0.00 0.03 99.51

0.09 0.04 100.08
o.o7 0.05 99.75
0.00 0.01 99.91

o.02 0.00 99.46
0.05 0 00 98.81

0.00 0.00 99.39
0.00 0.00 99.63
0.00 0.01 99.19
0.00 0.o2 99.18
0.00 0.00 99.06
0.04 0.00 99.02
o.22 0.00 98.99
0.01 0.03 99.86
0.00 0.01 100.51

0.04 0.00 99.62
0.03 0.02 101 .01

0.03 0.01 100.66
0.00 0.01 101 .06

0.07 0.01 100.07
0.05 0.00 101 .00
0.01 0.01 101 .89
0.00 0.00 100.34
0.01 0.00 99.86
0.01 0.02 99.55
0j7 0.00 99.68
0.03 0.00 100.44
0.01 0.00 100.28

Sulphide Class Ni/Co

DS-U 63.17
DS-U 79.11

DS-U 67.39
IS-U 51 .73

ts-u 51 .25

ts-u 48.05
ts-u 46.09

MS-UB 56.11

MS-UB 63.03
MS-UB 67.16

MS-UB 50.56
MS-UB 51 .55

MS-UB 65.80
MS-UB 60.79
MS-UB 58.50
MS.UB 49.66
MS-UB 45.99
MS.UB 53.42

MS-UB 53.66

ts-u 42.61

ts-u 42.44
ls-u 37.51

ts-u 51.22

ts-u 51 .58

ts-u 46.14

ts-u 46.82

MS-SED 54.87

MS-SED 64.91

MS-SED 65.14
MS-SED 57.21

MS-SED 63.03
ts-u 75.72
ts-u 93.23
ls-u 76 59

he></mono
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Sample

JL98-WL-03
JL98-WL-06
JL98-WL-06
JL98-WL-06
JLgB-WL-06

JL98.WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL.07
JL98-WL-07
JL98-WL-07
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL-10
JL98-WL-10
JL98-WL-24
JL98-WL-24
JL98-WL-24
JL98-WL-25
JL98-WL-25
JL98-WL-25
JL98-WL-25
JL98-WL-26
JL98-WL-26
JL98-WL-26
JL98-WL-26
JL98-WL-26
JL98-WL-26
JL98.WL-34
JL98-WL-34

Mineral Ore Body W%(S )
pn WL 33.68
pn WL 33.20
pn WL 33.27
pn WL 33.29
pn WL 33.62
pn WL 33.31

pn WL 33.25
pn WL 33.27
pn WL 33.31
pn WL 32.87
pn WL 33.09
pn WL 33.19
pn WL 33.02
pn WL 33.10
pn WL 33.20
pn WL 33.33
pn WL 33.15
pn WL 33.14
pn WL 33.43
pn WL 33.74
pn WL 32.95
pn WL 33.26
pn WL 33.33
pn WL 33.80
pn WL 33.87
pn WL 33.36
pn WL 33.17
pn WL 33.12
pn WL 33.13
pn WL 33.14
pn WL 33.39
pn WL 33.25
pn WL 33.54
pn WL 33.27

WoÁ(Fe) W%(co) WoÁ(Ni)

28.56 0.80 34.99
27.55 0.34 37.74
27.36 0.25 38.54
27.87 0.41 38.67
28.27 0.44 38.91

28.32 0.33 38.50
28.76 0.31 38.09
28.11 0.27 38.47
28.23 0.21 38.73
28.45 0.41 38.s2
28.41 0.37 38.16
28.91 0.37 38.35
28.27 0.38 38.68
28.51 0.71 36.62
28.63 0.76 37.27
28.58 0.72 38.12
28.62 0.84 37.16
27.88 0.85 37.90
28.58 0.62 38.09
30.54 0.66 35.80
30.82 0.67 34.98
30.77 0.69 35.84
29.01 0.19 38.02
28.34 0.20 38.02
27.57 0.21 38.46
28.30 0.12 39.10
28.75 0.41 37.71

28.30 0.48 36.53
28.76 0.55 37 17

28.18 0.43 36.77
29.22 0.50 35.40
29.15 0.60 36.98
29.45 0.79 36.04
28.26 0.69 37.45

W%(Cu) W%(As) Totat

0.07 0.00 98.21

0.o2 0.00 98.96
0.01 0.02 99.56
0.18 0.00 100.48
0.00 0.01 101 .35
0.03 0.00 100.59
0.04 0.00 100.52
0.01 0.o2 100.29
0.06 0.00 100.61

0.00 0.00 100.29
0.00 0.00 100.13
o.o2 0.00 100.92
0.01 0.00 100.46
0.03 0.00 99.02
0.03 0.01 99.99
o.o2 0.02 100.92
0.16 0.01 100.07
0.04 0.04 99.97
0.04 0.00 100.89
0.08 0.04 101 .05
o.02 0.00 99.53
0.00 0.05 100.69
0.00 0.03 100.68
0.00 0.00 100.49
0.04 0.01 100.30
0.04 0.00 101 .O2

0.04 0.00 100.21

0.01 0.00 98.60
0.00 0.03 99.72
0.04 0.00 98.70
0.00 0.00 98.64
0.o2 0.00 100.04
0.00 0.00 99.89
0.01 0.01 99.79

Sulphide Class Ni/Co

ts-u 43.66
ts-u 111 89
ts-u 152.64

ts-u 93.67
ts-u 88.32

MS-UB 115.26

MS-UB 121 .18

MS-UB 143.18

MS-UB '183.54

MS-UB 94.39
MS-UB 104.25

MS-UB 103.78

MS-UB 102.13

ts-u 51 .29

ts-u Æ.87
ts-u 52.89
ts-u 44.30

DS-U M.67
DS-U 61 .22

DS-U 54.03
DS-U 51.93
DS-U 51 .87

DS-U 198.00

DS-U 190.39

DS-U 185.90
DS-U 314.53

DS-SED 91 .52

DS-SED 75.96
DS-SED 67.17

DS-SED 86.01

DS-SED 70.88
DS-SED 61 .77

MS-SED 45.48

MS-SED 54.30
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Sample

JL98-WL-34
JLgB.WL-34
JL98-1 C-1 0

JL98-1 C-1 0

JL98-1 C-1 1

JL98-1 C-l 1

JL98-1 C-1 1

JL98-1 C-1 1

JL98-1 C-1 2

JL98-l C-1 2

JL98-l C-l 2

JL98-1 C-l 2
JL98-1 C-1 2

JL98-1 C-1 5

JL98-1 C-1 5

JL98-1 C-1 6

JL98-1 C-1 6

JL98-1 C-1 I
JL98-1 C-1 I
JL98-1 C-1 I
JL98-1 C-1 9

JL98-l C-20

JL98-1 C-20

JL98-1 C-20

JL98-1 C-21

JL98-1 C-21

JL98-1C-21

JL98-1 C-21

JL98-1 C-21

JL98-1C-22

JL98-1C-22

JL98:tC-22
JL98-1C-22

JL98-1 C-23

Mineral Ore Body W%(S )
pn WL 33.40
pn WL 33.26
cp 1C 34.82
cp 1C 34.99
cp 1C 34.47
cp 1C 34.26
cp lC 34.54
cp 1C 34.46
cp 1C 34.53
cp 1C 35.05
cp 1C 34.85
cp 1C 34.73
cp 1C 34.48
cp 1C 34.52
cp 1C 34.03
cp 1C 34.61

cp 1C 34.34
cp 1C 35.02
cp I C 34.65
cp 1C 34.89
cp 1C 34.75
cp 1C 34.66
cp 1C 34.75
cp 1C 34.72
cp 1C 34.86
cp 1C 35.05
cp lC 34.71

cp 1C 35.14
cp 1C 34.69
cp 1C 34.46
cp 1C 34.89
cp I C 34.64
cp 1C 34.99
cp 1C 34.95

Wo,6(Fe) WoÁ(Co) Wo/6(Ni)

28.71 0.57 37.63
29.30 0.68 36.59
30.66 0.00 0.01

30.71 0.03 0.07
30.04 0.03 0.00
29.99 0.02 0.00
30.86 0.03 0.01

29.97 0.00 0.00
30.18 0.0s o.o2
30.10 0.05 0.o2
30.36 0.05 0.02
30.42 0.05 0.01

29.Æ 0.00 0.03
30.20 0.04 0.00
30.25 0.00 0.01

30.32 0.03 0.00
30j2 0.o2 0.o2
30.17 0.06 0.05
31 .00 0.04 0.00
30.32 0.01 0.04
30.83 0.02 0.00
30.33 0.04 0.27
30.83 0.07 0.01

30.46 0.04 0.04
30.54 0.00 0.05
30.27 0.04 0.56
30.44 0.O2 0.01

30.07 0.03 0.03
30.29 0.01 0.08
30.47 0.03 0.01

30.04 0.02 0.00
30.74 0.03 0.03
30.32 0.03 0.05
30.14 0.03 0.o2

Wo,6(Cu) WoÁ(As) Total
0.04 0.00 100.38
0.82 0.00 100.80
34.23 0.00 99.86
33.42 0.00 99.36
34.49 0.02 99.11

34.59 0.00 98.90
34.23 0.00 99.75
34.34 0.0'l 98.84
34.66 0.00 99.48
34.45 0.00 99.75
34.72 0.00 100.10
34.05 0.00 99.39
34.71 0.01 98.72
34.11 0.00 98.90
33.72 0.03 98.15
33.90 0.03 98.94
33.91 0.00 98.47
34.83 0.01 100.23
35.26 0.00 101 .o2

35.51 0.00 100.90
35.45 0.00 101 .14
35.20 0.00 100.60
35.30 0.00 101 .01

35.11 0.00 100.38
35.1 I 0.00 100.66
34.57 0.00 100.58
35.39 0.00 100.79
35.33 0.03 100.70
34.80 0.00 99.86
34.53 0.01 99.59
34.34 0.00 99.47
33.82 0.03 99.78
34.82 0.00 100.23
34.41 0.0't 99.69

Sulphide Class Ni/Co

MS-SED 65.83

MS-SED 53,68
DS-SED 3.17

DS-SED 2.20
DS-SED O OO

DS-SED 0.18
DS.SED 0.57
DS-SED 47.OO

DS-SED O.42

DS-SED 0.39
DS.SED O.3O

DS-SED O.21

DS-SED 283.00
DS-SED O.O4

DS-SED 1 
,IO.OO

DS-SED O.OO

DS-SED 0.85
SMS-SED 0.78
SMS-SED O.O7

SMS-SED 5.35
SMS-SED O.O1

MS-SED 6.06

MS-SED 0.19

MS-SED 0.98
SMS-SED 78.00
SMS-SED 12.98

SMS-SED O.5O

SMS-SED 1.32

SMS-SED 10.80

DS-SED 0.17

DS-SED O.O1

DS-SED 0,94

DS-SED 1.5I
DS-SED 0.48

M/S her:/mono
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Sample

JL98-1 C-23

JL98-1 C-23

JL98-1 C-24A

JL98-1 C-24A

JL98-1 C-24A

JL98-1 C-258

JL98-1 C-258
JL98-1 C-258
JL98-1 C-258

JL98-1 C-258
JL98-1 C-258

JL98-1 C-258

JL98-1 C-258
JL98-1 C-250
JL98-1 C-28A

JL98-1 C-28A

JL98-1 C-28C

JL98-1 C-28C

JL98-1 C-29

JL98-'t C-29

JL98-1 C-29

JL98-1 C-29

JL98-1 C-30

JL98-1 C-30

JL98-1 C-30

JL98-1 C-30

JL98-1 C-30

JL98-l C-33

JL98-1 C-33

JL98-1 C-33

JL99-1 C-35

JL99-1 C-35

JL99-1 C-35

JL98-1 D-01

Mineral Ore Body Wo/6(S )
cp 1C 35.04
cp 1c 34.77
cp 1C 34.60
cp 1C 34.53
cp 1C 34.95
cp 1C 34.68
cp 1C 34.63
cp 1C 35.09
cp 1C 34.42
cp 1C 34.78
cp 1C 34.74
cp 1C 35.00
cp 1C 35.04
cp lC 35.15
cp 1C 34.98
cp 1C 34.76
cp 1C 34.91

cp 1C 34.64
cp 1C 34.87
cp 1C 35.01

cp 1C 34.98
cp lC 34.75
cp 1C 35.00
cp 1C 34.89
cp 1C 34.82
cp 1C 34.79
cp 1C 34.71

cp 1C 35.03
cp 1C 34.79
cp 1C 34.79
cp '1 C 35.41

cp 1C 35.07
cp 1C 34.79
cp 1D 34.85

WoÁ(Fe) Wo,6(Co) Wo,6(Ni)

30.39 0.06 0.03
30.33 0.04 0.0s
30.40 0.01 0.01

30.47 0.04 0.01

30.67 0.04 0.05
30.44 0.00 0.03
30.29 0.01 0.04
30.57 0.05 0.09
30.23 0.05 0.26
29.35 0.04 0.09
30.01 o.02 0.32
30.71 0.04 0.18
30.36 0.00 0.06
30.30 0.07 0.16
30.84 0.00 0.o2
31 .56 0.03 0.o2
32.17 0.04 0.00
31 .08 0.00 0.02
29.80 0.03 0.01

29.67 0.00 0.00
30.20 0.01 0.03
29.35 0.o2 0.00
30.35 0.03 0.01

30.55 0.04 0.o2
30.76 0.07 0.01

29.85 0.06 0.03
29.71 0.00 0.o2
30.27 0.o2 0.04
30.03 0.01 0.01

30.26 0.o2 0.00
29.27 0.04 0.05
29.23 0.01 0.04
29.54 0.01 0.06
29.99 0.05 0.00

WoÁ(Cu) WoÁ(As) Total
34.44 0.00 100.06
34.33 0.02 99.59
34.81 0.01 99.86
34.46 0.00 99.56
34.36 0.o2 100.25
35.10 0.02 100.35
34.68 0.00 99.91

34.76 0.03 100.79
33.79 0.00 99.00
34.75 0.01 99.08
34.37 0.00 99.55
34.59 0.00 100.67
35.10 0.03 100.66
34.19 0.o2 100.12
34.56 0.01 100.51

35.17 0.00 101 .63

34.67 0.01 101 .91

35.18 0.02 101 .05
34.60 0.00 99.39
34.86 0.03 99.69
34.77 0.00 100.1 I
34.68 0.02 99.15
35.44 0.01 100.96
34.73 0.00 100.31

34.85 0.00 100.55
34.68 0.00 99.44
33.99 0.01 98.52
33.92 0.00 99.35
33.58 0.00 98.48
34.85 0.00 99.95
34.58 0.00 99.51

34.57 0.00 99.01

33.99 0.00 98 41

34.51 0.01 99.45

Sulphide Class Ni/Co

DS-SED 0.47
DS-SED 1.14
MS-SED 1.74

MS-SED 0.26
MS.SED 1.42

MS-SED 3O3.OO

MS-SED 2.52
MS-SED 1.94
MS-SED 5.09

MS-SED 2.33
MS-SED 14.82

MS-SED 4.06
MS-SED 569.00

MS-SED 2.33
DS-SED 164.00
DS-SED 0.69
DS-SED O.OO

DS-SED 213.00
DS-SED 0.37
DS-SED 1.OO

DS-SED 1.77

DS-SED 0.19
SMS-SED O.2O

SMS-SED 0.52
SMS-SED 0.15
SMS-SED 0.43
SMS-SED 161 .OO

DS-SED 1.56

DS-SED 0.57
DS-SED O.OO

MS-SED 1.31

MS-SED 4.67

MS-SED 10.46

DS-SED O.O5

hex/mono
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Sample

JL98-1 D-01

JL98-1 D-01

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-03

JL98-1 D-04

JL98-1 D-08

JL98-1 D-08

JL98-1 D-09

JL98-1 D-09
JL98-1 D-09

JL98-1 D-09
JL98-1 D-1 1

JL98-1 D-1 1

JL98-1 D-1 1

JL98-1 D-1 1

JL98-1 D-í3a
JL98-1 D-1 3a

JL98-1 D-1 3a

JL98-1 D-l 3a

JL98-1 D-l 3a

JL98-1 D-1 3a

JL98-1 D-1 3b

JL98-1 D-1 3b

JL98-1 D-1 3b

JL98-1 D-l3b
JL98-1 D-1 3b

JL98-1 D-1 4

JL98-1 D-14

JL98-1 D-1 4

Mineral Ore Body W%(S )
cp 1D 34.42
cp 1D 34.65
cp 1D 34.58
cp I D 34.89
cp 1D 34.93
cp 1D 34.55

cp I D 34.81

cp 1D 34.78

cp 1D 34.87
cp 1D 34.60
cp 1D 34.91

cp 1D 34.42
cp 1D 34.97
cp 1D 35.01

cp 1D 34.75
cp 1D 35.07
cp 1D 35.16
cp 1D 34.82
cp I D 34.82
cp 'l D 35.19
cp 1D 34.63
cp 1D 34.61

cp 1D 34.67
cp íD 34.63
cp 1D 34.85
cp 1D 34.77
cp 1D 35.06
cp 1D 35.10
cp 1D 35.35
cp 1D 34.77
cp 1D 34.53
cp 1D 34.95
cp I D 35.10
cp 1D 35.05

WoÁ(Fe) WoÁ(Co) W%(Ni)
29.09 0.03 0.00
30.33 0.03 0 01

3l .08 0.00 0.03
31 .56 0.02 0.00
31 .35 0.01 0.03
31 .O7 0.01 0.00
31 .52 0.04 0.00
31 .19 0.03 0.00
31 .15 0.02 0.o2
30.86 0.o2 0.06
30.86 0.02 0.00
30.31 0.o2 0.04
31 .33 0.04 0.00
30.81 0.03 0.o2
30.63 0.o2 0.03
31 .24 0.01 0.01

30.57 0.06 0.03
30.88 0.o2 0.00
30.69 0.00 0.o2
31 .05 0.00 0.o2
30.89 0.07 0.00
31 .35 0.07 0.03
30.84 0.04 0.o2
30.97 0.00 0.01

30.48 0.02 0.04
30.65 0.00 0.04
30.03 0.01 0.o2
29.99 0.o2 0.00
30.30 0.00 0.00
30.21 0.04 0.37
30.44 0.04 0.04
31 .1 6 0.00 0.04
30.89 0.02 0.00
30.63 0.03 0.o2

WoÁ(Cu) Wo,6(As) Total
34.51 0.00 98.11

34.17 0.02 99.26
34.19 0.01 99.97
34.00 0.00 100.s4
34.41 0.00 100.83
33.54 0.01 99.28
34.35 0.00 100.80
34.49 0.00 100.57
33.91 0.00 100.12

34.55 0.00 100.14
34.01 0.00 99.93
33.69 0.02 98.70
33.31 0.00 99.77
34.44 0.00 100.45
34.52 0.00 100.00
34.06 0.00 100.49
34.14 0.01 100.11

34.42 0.01 100.31

34.34 0.00 99.96
34.18 0.05 100.61

34.37 0.03 100.08
33.32 0.00 99.44
33.88 0.00 99.62
34.44 0.00 100.18
34.76 0.00 100.28

34.5',t 0.00 100.06
34.65 0.00 99.88
34.73 0.00 99.94
35.15 0.o2 100.89
34.57 0.00 100.02
34.90 0.00 100.09
34.00 0.01 100.27
34.44 0.00 100.52
34.59 0.04 100.42

Sulphide Class Ni/Co

DS-SED O.O9

DS-SED 0.28
DS-SED 3O5.OO

DS-SED O,OO

DS-SED 3.09

DS-SED O,O1

DS-SED O.O7

DS-SED O.OO

DS-SED 0.97
DS-SED 2.75

DS-SED O.O1

DS-SED 1.79

DS-SED O.OO

DS-SED 0.69
DS.SED 1.2O

DS-SED 0.79
DS-SED O.4O

DS-SED O.OO

DS-SED 14.58

DS-SED 4.08

SMS-SED O.OO

SMS-SED 0.48
SMS-SED 0.58
SMS-SED 4.84
SMS-SED 1,90

SMS-SED 358.00
DS-SED 3.45
DS.SED O.OO

DS-SED 1.OO

DS-SED 8.68

DS-SED 1.04
SMS-SED 14.23

SMS-SED O.O2

SMS.SED O.92
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Sample

JL98-1 D-1 4
JL98-1 D-1 4
JL98-1 D-1 4

JL98-1 D-1 5

JL98-'l D-15

JL98-1 D-1 5

JL98-1 D-1 6

JL98-1 D-1 6

JL98-1 D-1 6

JL98-l D-1 6

JL98-1 D-1 6

JL98-1 D-1 6

JL98-1 D-1 6
JL98-'1 D-16
JL98-1 D-1 6

JL98-1 D-16

JL98-1 D-'t6

JL98-1 D-1 8A

JL98-1 D-1 8A
JL98-1 D-1 8A
JL98-1 D-1 88
JL98-1 D-1 8B

JL98-1 D-1 I
JL98-1 D-l I
JL98-1 D-1 I
JL98-1 D-1 I
JL98-l D-19

JL98-1 D-21

JL98-1 D-21

JL98-1 D-21

JL98-1 D-21

JL98-1 D-21

JL98-1D-22
JL98-1D-22

Mineral Ore Body Wo,6(S )
cp 1D 35.07
cp 1D 34.40
cp 1D 34.86
cp 1D 34.72
cp 1D 34.59
cp 1D 34.87
cp 1D 34.69
cp 1D 34.44
cp 1D 35.34
cp I D 34.61

cp 1D 34.85
cp 1D 34.82
cp 1D 34.93
cp 1D 34.65
cp 1D 34.98
cp 1D 34.86
cp 1D 34.82
cp 1D 34.75
cp 1D 34.84
cp 1D 35.32
cp 1D 35.20
cp 1D 34.67
cp 'l D 34.94
cp 1 D 35.'15

cp 1D 35.02
cp I D 34.95
cp 1D 35.00
cp 1D 34.79
cp 1D 34.81

cp 1D 34.45
cp lD 34.54
cp 1D 34.45
cp I D 35.19
cp I D 35.21

Wo,6(Fe) WoÁ(co) WoÁ(N¡)

30.99 0.05 0.06
30.77 0.03 0.05
30.39 0.03 0.05
30.65 0.04 0.05
30.75 0.03 0.00
30.77 0.03 0.13
29.86 0.00 0.01

30.74 0.04 0.05
30.43 0.02 0.00
31 .36 0.01 0.01

30.35 0.03 0.04
30.73 0.03 0.03
30.77 0.01 0.00
30.78 0.o2 0.00
31 .06 0.01 0.00
30.94 0.01 0.17
30.70 0.03 0.00
30.44 0.03 0.03
30.45 0.05 0.02
31 .06 0.02 0.18
30.74 0.03 0.00
31 .O2 0.o2 0 00
31 .13 0.02 0.03
30.89 0.03 0.04
31 .15 0.02 0.03
30.90 0.05 0.02
31 .01 0.01 0.00
30.27 0.00 0 00
29.79 0.04 0.00
29.92 0.04 0.06
29.60 0.03 0.00
29.95 0.06 0.05
29.72 0.02 0.00
29.68 0.03 0.01

Wo,6(Cu) WoÁ(As) Totat

34.15 0.00 100.39
34.55 0.01 99.95
34.57 0.03 100.11

34.43 0.00 99.94
34.ß 0.01 99.88
33.89 0.00 99.70
34.81 0.00 99.44
35.33 0.00 100.62
34.86 0.00 100.74
34.70 0.o2 100.75
34.52 0.00 99.88
35.06 0.00 100.79
35.07 0.01 100.89
35.31 0.00 100.91

35.28 0.02 10.t.50
35.26 0.01 101 .31

35.32 0.00 100.93
33.60 0.00 98.88
34.79 0.00 100.27

35.21 0.o2 101 .86

34.53 0.00 100.63
34.85 0.02 100.68
34.48 0.01 100.69
34.64 0.00 100.76
34.93 0.00 101 .23

34.80 0.00 100.84
34.42 0.00 100.52
34.94 0.01 100.02
34.52 0.o2 99.28
35.04 0.02 99.64
34.22 0.03 98.45
34.49 0.00 99.19
34.31 0.00 99.33
34.60 0.00 99.55

Sulphide Class Ni/Co

SMS.SED 1.07

SMS-SED 1.65

SMS-SED 1.65

SMS.SED 1.23

SMS-SED O.O7

SMS-SED 4.41

SMS-SED 53.00
SMS-SED 1.28

SMS.SED 0,15
SMS-SED 1,45

SMS-SED I.3O

SMS-SED 1.06

SMS-SED O.O1

SMS-SED O.O9

SMS-SED O.O1

SMS-SED 26.29

SMS.SED 0.11

SMS-SED 1.36

SMS-SED 0.38
sMs-sED 7.¿ß

DS-SED O.OO

DS-SED O.OO

SMS-SED 2.19
SMS-SED 1,31

SMS-SED 1.76

SMS-SED O.32

SMS-SED O 01

DS-SED O.O2

DS-SED O.OO

DS-SED 1.27

DS-SED O.OO

DS-SED 0.87

DS-SED O.O1

DS-SED 0.39

M/S
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Sample

JL98-1D-22

JL98-1D-22

JL98-BT-02

JL98-BT-02

JL98-BT.03
JL98-BT-1 O

JL98-BT-1 O

J 198-BT-1 O

JL98-BT-1 1

JL98-BT-1 1

J 198-BT-,12

JL98-BT-I 2
JL98.BT-1 2
JL98.BT-1 2
JL98-BT-1 2
JL98-BT-1 3

JL98-BT-1 3

JL98.BT-1 3

JL98-BT-1 3

JL98-BT-1 5
JL98-BT-1 6A

JL98-BÏ-1 6A

JL98.BT-1 6B

JL98-BT-1 6B

JL98-BT-I 6B

JL98-BT-1 6B

JL98.BT-I 6B

JL98-BT-1 6B

JL98-BT-1 8

JL98-BT-1 8

JL98.BT-22
JL98-BT-22

JL98-BT-22

JL98-BT-22

Mineral Ore Body WoÁ(S )

cp 1D 34.41

cp 1D 35.04
cp BT 34.78
cp BT 34.85
cp BT 34.90
cp BT 34.89
cp BT 34.70
cp BT 34.79
cp BT 35J12
cp BT 35.32
cp BT 34.59
cp BT 34.94
cp BT 35.03
cp BT 35.'t 3

cp BT 34.95
cp BT 35.04
cp BT 34.91

cp BT 35.12
cp BT 34.51

cp BT 34.99
cp BT 34.15
cp BT 34.50
cp BT 34.23
cp BT 34.21

cp BT 34.10
cp BT 33.82
cp BT 33.90
cp BT 34.08
cp BT 34.79
cp BT 35.19
cp BT 33.52
cp BT 33.83
cp BT 34.29
cp BT 33.66

WoÁ(Fe) WoÁ(Co) Wo,6(Ni)

29.40 0.00 0.03
29.73 0.01 0.03
30.05 0.o2 0.00
29.50 0.o2 0.01

31.19 0.1 1 0.59
31 .57 0.04 0.15
30.98 0.06 0.01

30.65 0.01 0.o2
31 .62 0.00 0.00
31 .43 0.o2 0.05
30.70 0.00 0.00
30.78 0.03 0.03
31 .36 0.09 0j2
30.74 0.05 0.06
31 .37 0.05 0.02
31 .O4 0.02 0.00
30.93 0.04 0.04
31 .58 0.01 0.00
30.83 0.02 0.03
30.68 0.54 0.31

30.06 0.00 0.o2
31 .14 0.02 0.03
30.54 0.01 0.13
31 .'t3 0.01 0.01

30.63 0.o2 0.01

30.64 0.00 0.06
30.81 0.03 0.o2
31 .13 0.04 0.03
30.32 0.04 0.04
31 .05 0.04 0.00
30.14 0.09 0.65
30.13 0.07 0.42
31 .58 0.03 0.01

31 .66 0.03 0.00

Wo,6(Cu) WoÁ(As) Total
34.45 0.03 98.34
34.07 0.00 98.96
34.59 0.01 99.53
34.02 0.02 98.46

33.33 0.00 100.15
34.96 0.02 101.70

34.75 0.00 100.60
33.92 0.00 99.42
34.34 0.o2 101 .'16

33.34 0.00 100.25
34.37 0.00 99.79
34.14 0.02 100.02
33.76 0.00 100.45
34.82 0.01 100.87
34.19 0.00 100.61

34.07 0.00 100.20
34.03 0.00 100.14
33.80 0.00 100.54
33.59 0.04 99.05
34.37 0.03 101 .00

34.60 0.02 98.93
34.67 0.00 100.43
34.38 0.00 99.38
35.36 0.00 100.74
35.09 0.00 99.91

35.15 0.00 99.70
34.15 0.00 99.01

35.63 0.01 100.98
34.80 0.03 1 00.1 3

34.91 0.04 101 .31

34.21 0.00 98.65
34.ß 0.00 98.95
34.98 0.00 100.93
34.45 0.00 99.86

Sulphide Class Ni/Co

DS-SED 27O.OO

DS-SED 1.83

MS-UB 0.01

MS-UB 0.64

ls-u 5.52

MS.SED 3.82

MS-SED 0.21

MS-SED 2.67
DS-U 0.03
DS-U 3.15

DS.SED 1.OO

DS-SED 1.24
DS-SED 1.29
DS-SED 1.27

DS.SED 0.49
DS-SED O 01

DS-SED 0.88

DS-SED 0.75
DS-SED 1.ß
MS-SED 0.56

DS-U 204.OO

DS-U 1.72

MS-UB 16.31

MS-UB 0.56

MS-UB 0.69

MS-UB 638.00

MS-UB 0.62

MS-UB 0.62

DS.SED 1,03

DS-SED O,OO

ts-u 7.00
ls-u 5 80

ts-u 0.23

IS-U 0.00

hex/mono
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Sample

JL98-T1 -03

JL98-T1 -03

JL98-ï1 -03

JL98-T1 -03

JL98-T1 -03

JL98-T1 -04
JL98-T1 -04
JL98-T1 -04
JL98-Tl -04

JL98-T1 -04

J 198-T1 -04
J 198-T1 -04
J 198-T1 -04
J 198-T1-04

JL98-Tl -04
JL98-T1 -06

JL98-T1 -06

JL98-T1 -06

JL98-T1 -07

JL98-Tl -07

JL98-T1 -07

J 198-T1 -07

J 198-T1 -07

JL98-T1 -07

JL98-T1 -07

J 198-T1 -09A

J LgB-T1 -O9A

JL98-T1 -09A

JL98-T1 -09A

JL98-T1 -09A

JL98-T1 -09A

JL98-T1 -09A

JL98-T1 -09A

J 198-T1 -1 1

Mineral

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

Ore Body

T1

TI
T1

T1

T,I

T1

T1

T1

T1

TI
T1

T1

T1

T1

T1

T1

T1

T1

T1

TI
TI
T1

T1

T1

ï1
T1

T1

TI
ï1
T1

T1

T,I

T1

TI

wo,6(s )

34.79

34.51

34.29

34.87

34.36

34.80

35.00

34.66

34.78

34.59

35.35

35.04

35.26

34.84

34.88

34.84

34.46

35.02

34.95

34.76

35.04

34.90

35.29

34.87

34.67

34.69

34.52

34.75

34.95

35.11

34.44

34.42

34.Æ
34.83

Wo,6(Fe) Wo,6(Co) W%(Ni)
30.49 0.04 0.03
30.89 0.03 0.02
30.38 0.06 0.00

29.36 0.00 0.02
30.00 0.04 0.00

29.95 0.01 0.03
29.75 0.00 0.03
30.42 0.04 0.03
30.19 0.05 0.06
30.41 0.02 0.15
30.78 0.o2 0.00
31 .36 0.04 0.04
30.74 0.O2 0.o2
30.77 0.04 0.13
30.80 0.04 0.07
31.06 0.03 0.01

30.76 0.00 0.03
30.84 0.O2 0.00
30.74 0.05 0.01

30.58 0.00 0.05
30.53 0.03 0.70
30.63 0.04 0.35
30.80 0.04 0.04
30.63 0.03 0.03
31 .03 0.25 0.15
30.57 0.04 0.00

30.05 0.03 0.05
30.34 0.03 0.04

31 .24 0.00 0.05
30.95 0.O2 0.06
30.65 0.02 0.06

31 .06 0.00 0.00
31 .37 0.01 0.18
31 .76 0.03 0.00

W%(Cu) Wo,6(As)

33.95 0.01

34.20 0.01

34.35 0.00

33.97 0 00

33.88 0.O2

34.12 0.00

34.26 0.00

34.40 0.06

34.87 0.00

34.57 0.00

35.25 0.o2

34.47 0.01

35.18 0.00

34.80 0.00
34.94 0.00

34.49 0.00

34.01 0.03

34.38 0.00

34.Æ 0.00

34.01 0.01

33.78 0.00

34.38 0.00

34.14 0.00

34.52 0.01

34.19 0.02

34.69 0.00

34.53 0.00

34.90 0.01

34.75 0.04

34.79 0.00

34.60 0.01

34.62 0.00

34.57 0.00

34.27 0.00

Total

99.40

99.81

99.08

98.36

98.36

98.96

99.19

99.76

100.12
oo ot

101 .54

101 .01

101 .35

100.73

100.86

100.47

99.36
'100.36

100.26

99.59

100.24

100.30

100.39

100.23

100.47

100.11

99.26

100.12

101 .10

100.99

99.78

100.16

100.75

101 .00

Sulphide Class Ni/Co

DS.SED O.72

DS-SED 0,69

DS-SED O,OO

DS-SED ,I91 
.OO

DS.SED O,O4

MS.UB 2,37

MS-UB 281 .00

MS-UB 0.83

MS-UB 1.03

MS-UB 7.53

MS-UB O.OO

MS-UB 1.01

MS-UB 1.31

DS-U 3.25

DS-U 1.77

DS-SED 0.42

DS.SED 279.00

DS-SED O.O1

MS-UB 0.18

MS-UB 467.00

MS-UB 22,79
MS.UB 9.78

MS.UB O.78

MS-UB 1.03

MS-UB 0.60

MS-UB O.OO

MS-UB 1.81

MS-UB 1.38

MS-UB 506.00

MS-UB 2.92

MS-UB 4.OO

MS-UB 1.00

MS.UB 13.42

IS-U 0.00
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Sample

JL98-T1 -1 1

JL98-T1 -1 1

JL98-T1-12

J 198-T1 -'t 2

JL98-T1 -1 2

JL98-T1 -1 2

JL98-r1 -1 2

JL98-T1 -1 3

JL98-T1-'13

JL98-T1 -1 3

JL98-T'1-16

J 198-T1 -1 6

JL98-T1 -1 6

JL98-T'1-16

JL98-T1 -1 6

JL98-T1 -1 6

J 198-T1 -1 9

JL98-T1-19

J 198-T1 -20
JL98-T1 -20

JL98-T1 -20

JL99-T1 -25

J 199-T1 -2s
JL99-T1 -26

JL99-T1 -26

JL98-WL-03
JL98-WL-03
JL98.WL-03
JL98-WL-06
JL98-WL-06
JL98-WL-06
JL98-WL-06
JL98-WL.07
JL98-WL-07

Mineral Ore Body Wo,6(S )
cp T1 33.57
cp T1 35.02
cp T1 34.51

cp T1 34.56
cp ï1 34.37
cp T1 34.61

cp T1 34.34
cp T1 34.84
cp T1 34.75
cp f 1 34.90
cp T1 34.57
cp ï1 34.73
cp T1 34.62
cp ï1 34.66
cp f 1 34.47
cp T1 34.76
cp Tl 34.41

cp T1 34.59
cp ï1 35.12
cp T1 34.92
cp T1 34.93
cp T1 35.53
cp T1 35.23
cp ï1 35.76
cp T1 35.22
cp WL 34.65
cp WL 34.84
cp WL 34.65
cp WL 34.80
cp WL 34.83
cp WL 35.18
cp WL 35.62
cp WL 34.57
cp WL 35.13

Woz6(Fe) Wo,6(Co) Wo/6(Ni)

30.70 0.05 0.55

30.89 0.04 0.00
30.96 0.03 0.04
30.40 0.03 0.03
30.41 0.O2 0.O2

30.84 0.00 0.08
31 .13 0.06 0.29
30.60 0.01 0.06
30.92 0.O2 0.04
30.72 0.04 0.18
29.64 0.O2 0.o2
29.93 0.O2 0.00
30.73 0.o2 0.03
30.82 0.00 0.01

30.40 0.01 0.01

30.93 0.01 0.o2
30.24 0.00 0.29
29.75 0.00 0.02
30.83 0.00 0.00
3í .18 0.03 0.o2
30.58 0.03 0.00
30.74 0.00 0.02
30.63 0.00 0.02
29.85 0.02 0.00

29.94 0.04 0.03
30.18 0.o2 0j2
30.06 0.08 0.15

30.63 0.06 0.01

29.67 0.00 0.06

29.60 0.04 0.05
30.20 0.03 0.21

31 .06 0.06 0.20
30.45 0.02 0.23
30.65 0.03 0.'19

WoÁ(Cu) WoÁ(As) Total
33.09 0.00 98.08
34.74 0.04 100.81

34.05 0.00 99 64

34.59 0.00 99.65
34.62 0.00 99.54
34.08 0.01 99.75
34.35 0.00 100.24
34.47 0.00 100.05
34.Æ 0.00 100.26
34.65 0.00 100.57
33.88 0.00 98.26
33.46 0.01 98.22
34.14 0.00 99.65
34.52 0.00 100.16
34.25 0.00 99.24
34.87 0.00 100.67
33.98 0.O2 99.10
34.22 0.01 98.67
34.65 0.01 100.71

33.99 0.02 100.24
34.41 0.00 100.00
34.42 0.00 100.77
34.18 0.00 100..13

34.29 0.00 100.25
34.42 0.02 99.73
34.52 0.00 99.54

34.75 0.01 100.07
35.50 0.01 100.91

35.37 0.00 100.06
35.08 0.03 99.68
34.99 0.00 100.76
33.52 0.00 100.47

34.08 0.00 99.42
34.18 0.00 100.28

Sulphide Class Ni/Co

ts-u 10.91

ts-u 0.03

MS-UB 1 .18

MS-UB 1.10

MS-UB 1.I O

MS-UB 810.00

MS-UB 4.58

ls-u 7.85
ts-u 2.84
ts-u 4.37

DS.SED 0.62

DS-SED O.OO

DS-SED 1.39

DS-SED 72.00

DS-SED O.7O

DS-SED 2.OO

MS-SED 2852.00

MS-SED 5.02

DS-SED 1.OO

DS-SED 0.93

DS-SED O.OO

BMS-SED 224.00
BMS-SED 195.00

BMS-SED O.O1

BMS-SED 0.62

IS-U 5.55

ts-u 1.96

ts-u 0.18

ts-u 601 .00

ts-u 1.34

ls-u 6.98

ls-u 3.35

MS-UB 12.50

MS-UB 6.93
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Sample

JL98.WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98-WL-09
JL98.WL-I O

JL98.WL-10
JL98.WL-10
JL98-WL-I O

JLgB-WL-I 1

JLg8-WL-I 1

JL98.WL-1 I
JL98-WL-13
JL98.WL-13
JL98-WL-13

JL98-WL-,I8A
JL98-WL-18A
JL98-WL-19
JL98-WL-19
JL98-WL-19
JL98-WL-I9
JL98-WL-19
JL98-WL-2I
JL98.WL-2I
JL98.WL-21

JL98-WL-21

JL98-WL-23

Mineral

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

cp

Ore Body

WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL
WL

WoÁ(S ) Wo,6(Fe)

34.63 30.30

34.81 29.77

34.86 30.54

34.41 30.74

34.31 30.75

34.48 30.04

34.81 31 .19

34.67 30.95

34.86 31 .20

34.83 30.91

34.62 30.96

34.80 30.90

34.56 31 .',t7

34.73 30.89

34.62 30.28

34.84 30.73

34.95 30.98

34.74 30.87

34.64 30.57

34.66 30.94

35.15 30.84

34.85 30.03

34.28 30.25

34.45 31 .20

34.78 30.90

34.83 31 .09

34.96 30.51

34.81 30.02

34.70 30.59

34.65 30.87

34.60 31 .27

34.61 31 .01

35.02 31 .15

34.90 31 .20

Wo,6(Co) WoÁ(Ni)

o.o2 0.13

0.01 0.11

0.00 0.00

0.02 0.05

0.05 0.10

0.02 0.32

0.01 0.03

0.04 0.05

0.04 0 08

0.01 0 01

0.02 0.06
0.03 0.o2
o.o2 0.04
o.o2 0.01

0.03 0.07

0.01 0.o7

0.04 0.00

0.00 0.01

0.00 0.01

0.03 0.00

0.03 0.00

o.o2 0.o2

0.04 0.01

0.00 0.01

0.03 0.01

0.03 0.00

0.02 0.02

0.05 0.00

0.00 0.02

0.01 0.04

0.01 0.02

0.06 0.00

0.03 0.00
0.00 0.00

Wo,6(Cu) W%(As)
34.59 0.02

34.47 0.00

34.22 0.00

34.49 0.01

33.92 0.00

33.74 0.00
34.24 0.00

34.29 0.00
34.39 0.03

34.84 0 00
34.70 0.O2

34.84 0.00

34.21 0.O2

34.24 0.01

34.22 0.00

34.23 0.00

34.49 0.00

34.57 0.0'1

34.70 0.00

34.38 0.00

34.23 0.03

34.21 0.00

34.07 0.00

33.89 0.00

34.75 0.00

35.14 0.02

35.88 0.00

34.97 0.00

34.52 0.04

34.46 0.00

33.96 0.00

34.50 0.01

34.66 0.02
33.88 0.00

Total

99.75

99.20

99.74

99.80

99.18

98.71

100.28

100.05

100.68

100.65

100.5s

100.67

100.05

99.97

99.28

99.94

100.53

100.22

100.06

100.04

100.32

99.18

98.72

99.65

100.53

101 .13

101 .48
oo oÃ

100.00

100.10

99.94

100.25

100.94

100.10

Sulphide Class Ni/Co

MS-UB 5.41

MS-UB 8.35

MS-UB 1.00

MS-UB 1.89

ts-u 2.O7

ts-u 17.15

ts-u 2.72

ts-u 1.24

ts-u 2.15

ts-u 1.57

ts-u 2.62

ls-u 0.86

DS-U 2.s2

DS-U 0.65

DS-U 2.O3

DS-U 5.02

MS-SED O.OO

MS-SED 3.33

MS-SED 8.OO

BMS-SED O.OO

BMS-SED O.OO

BMS-SED 1.25

BMS-SED 0.41

BMS-SED 121 .OO

BMS.SED 0.26

BMS-SED O.OO

BMS-SED 0.99

BMS-SED O.OO

BMS-SED 2O3.OO

DS-SED 7.84

DS-SED 2.24

DS.SED O.OO

DS.SED O.OO

DS-SED 27.OO
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Sample

JL98-WL-23
JL98-WL-23
JLgB-WL-24

JL98-WL-24
JL98.WL-25
JL98-WL-26
JL98-WL-26
JL98-W1.26
JL98-WL-30
JL98-WL-30
JL98-WL-30
JL98.WL-30
JL98-WL-30
JL98-WL-30
JL98-WL-3,I

JL98-WL-31

JL98-WL-31

JL98-WL-33
JL98-WL-33
JL98-W1.33
JL98-WL-33
JLgB-WL-34
JL98-WL-34
JL98-WL-34
JL98-WL-34
JL98-1 C-1 0

JL98-1 C-1 2

JL98-1 C-1 2

JL98-1 C-1 2

JL98-1 C-20

JL98-1 C-20

JL98-1 C-20

JL98-1 C-23

JL98-1 C-23

Mineral Ore Body Wo/6(S )
cp WL 34.72

cp WL 34.81

cp WL 34.69

cp WL 35.03

cp WL 34.89

cp WL 34.77

cp WL 34.52

cp WL 34.65

cp WL 34.95

cp WL 34.82

cp WL 34.89

cp WL 34.77
cp Wt 34.94
cp WL 34.79
cp WL 34.76
cp WL 35.0'l
cp WL 35.05

cp WL 34.51

cp WL 35.15

cp WL 34.84

cp WL 34.72
cp WL 34.87
cp WL 34.9'l
cp WL 34.65

cp WL 34.71

py 1C 53.65
py 1C 53.86
py lC 53.80
py 1C s3.48
py 1c 53.72
py 1C 53.75
py 1C 53.27
py 1C 53.91
py 1c 53.57

W%(Fe) WoÁ(Co) WoÁ(Ni)

30.47 0.02 0.03
30.16 0.03 0.o2
30.42 0.o2 0.18
30.47 0.04 0.o2
30.89 0.05 0.24
29.88 0.02 0.00
29.76 0.00 0.04
29.62 0.00 0.05
30.80 0.01 0.01

31 .44 0.03 0.00
31 .25 0.03 0.00
30.74 0.00 0.03
30.36 0.00 0.02
30.98 0.01 0.00
29.Æ 0.01 0.00

29.38 0.04 0.00

29.26 0.01 0.o2
30.41 0.03 0.02

30.59 0.04 0.02
30.70 0.00 0.03
30.67 0.01 0.02

30.82 0.03 0.00
30.52 0.00 0.01

30.90 0.00 0.03

31 .56 0.06 0.03

47.05 0.10 0.03

44.50 2.15 0.03

46.18 1.50 0.01

44.95 0.03 0.o2

ß.49 0.94 0.05

46.22 1.50 0.03

45.90 1.49 0.05

47.43 0.15 0.o2
47.19 0.15 0.06

W%(cu) WoÁ(As) Total
33.94 0.00 99.25
34.22 0.00 99.34

34.10 0.00 99.53
34.54 0.00 100.18
33.89 0.00 100.06
34.63 0.00 99.46

34.11 0.00 98.56
34.26 0.00 98.65
s3.78 0.00 99.60
34.20 0.00 100.59
34.90 0.03 101 .27

34.86 0.00 100.47
34.28 0.00 100.43
34.12 0.00 99.99
34.78 0.00 99.09
34.42 0.00 98.91

34.46 0.00 98.88
34.42 0.00 99.51

34.ß 0.01 100.35
34.66 0.00 100.37

34.34 0.00 99.85

34.84 0.00 100.66
34.64 0.00 100.22
34.70 0.00 100.34
33.94 0.00 100.45

0.01 0.00 101 .00

0.00 0.04 100.62
0.o2 0.01 101 .64

0.01 0.00 98.57

0.10 0.00 101 .35

0.00 0.02 101 .61

0.00 0.00 '100.76

0.00 0.01 101 .56

0.01 0.01 101 .04

Sulphide Class Ni/Co

DS.SED 1.42

DS.SED 0.73

DS-U 11.34

DS.U O.M
DS-U 5.10

DS-SED O.OI

DS-SED 387.00

DS-SED 528.00

BMS-SED 1.08

BMS-SED 0.16

BMS-SED O,OO

BMS-SED 272.00
BMS-SED 205.00

BMS-SED O.O1

BMS-SED O.32

BMS-SED O.O9

BMS-SED I.65
MS-SED 0.48

MS.SED 0.38

MS-SED 337.00

MS-SED 2.96

MS-SED O.OO

MS-SED 128.00

MS-SED 316.00

MS-SED 0.51

DS-SED 0.25

DS-SED O.O1

DS-SED O.O1

DS-SED 0.76

MS-SED 0,06

MS-SED O.O2

MS-SED O.O3

DS-SED 0.11

DS-SED O.41
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Sample

JL98-1 C-23

JL98-1 C-29

JL98-1 C-29

JL98-1 C-29

JL99-1 C-35

JL98-1 D-01

JL98-1 D-03

JL98-1 D-04

JL98-1 D-04

JL98-1 D-04

JL98-'1 D-04

JL98-1 D-04

JL98-'t D-04

JL98-1 D-08

JL98-1 D-08

JL98-1 D-08

JL98-1 D-l 8A

JL98-1 D-1 9

JL98-BT-06

JL98.BT-06
JL98-BÏ-1 8
JL98-BÏ-I 8

JL98-BT-1 8

JL99-BU-01

JL99-BU-OI

JL99.BU-01

JL99-BU-01

JL99-BU-02
JL99-BU-02

JL99.BU-02
JL99-BU-02

JL99-BU-08

JL99-BU-08

DM98-1C-07

Mineral Ore Body W%(S )

py 1c 53.92
py 1C 53.46
py 1C 53.51

py 1c 53.88
py 1c 53.93
py 1D s3 65
py 1D 53.52
py 1D 53.49
py 1D 53.79
py 1D s3.72
py 1D 53.64
py I D s3.s7
py 1D 53.s1
py 1D 53.43
py 1D s3.40
py 1D 53.48
py 1D 53.62
py 1D 53.64
py BT 53.66
py BT 53.72
py BT s3.67
py BT 53.77
py BT 52.27
py BU 54.17
py BU 54.01

py BU 53.85
py BU s4.43
py BU 54.64
py BU 54.07
py BU 54.24
py BU s4.08
py BU s4.19
py BU 5s.77
py 1c 54.22

Wo,6(Fe) W%(Co) Wo/6(Ni)

47.58 0.00 0.00

46.76 0.05 0.00

47.04 0.01 0.00

47.03 0.04 0.o2

44.50 0.38 0.93
47.07 0.04 0.01

48.30 0.03 0.00
48.14 0.o2 0.05
47.67 0.10 0.o2
46.83 0.08 0.75
47.79 0.05 0.o2
47.75 0.04 0.04

46.19 0.03 0.04
46.69 0.O2 0.06

46.68 0.06 0.36

47.53 0.01 0.00

47.98 0.02 0.03
4tì.05 0.04 0.00
47.64 0.06 0.01

47.36 0.01 0.00

47.96 0.02 0.00

Æ.o4 0.o2 0.01

46.82 0.04 0.04

43.80 3.34 0.63

43.13 4.54 0.46

46.04 0.52 0.64
46.65 0.85 0.35

43.09 3.83 0.25

46.38 1.27 0.17

Æ.26 2.67 0.10
45.71 1.24 0.18
44.86 2.01 0.17
43.63 3.30 0.19
46.77 0.65 0.36

W%(Cu) W%(As) Total
0.01 0.00 101 .57

0.00 0.00 100.37
0.00 0.04 100.69
0.01 0.00 101 .02

0.06 0.01 99.84

0.02 0.03 101 .00

0.01 0.03 101.93
0.00 0.o2 101 .80

0.00 0.03 101 .69

0.00 0.00 101 .42

0.00 0.01 101 .60

0.00 0.00 'to1 .46

0.00 0.00 99.85
0.01 0.00 100.30
0.00 0.00 100.54
0.05 0.00 101 ..10

0.04 0.01 101 .73

0.00 0.00 101 .80

0.03 0.00 101 .43

0.00 0.00 101 .15

0.01 0.00 101 .76

0.01 0.01 101 .90

0.00 0.00 99.26

0.01 0.01 102.01

0.00 0.00 102.21

0.03 0.02 101.17
0.02 0.00 102.40

0.o2 0.03 101 .89

o.o2 0.00 101 .99

0.00 0.02 102.32
0.00 0.00 101 .27

0.04 0.00 101 .33

0.00 0.00 100.92
0.00 0.00 102.04

Sulphide Class Ni/Co

DS-SED 1,OO

DS-SED O.OO

DS.SED O.O1

DS.SED 0.45

MS-SED 2.43

DS-SED 0.39

DS-SED O,OO

DS.SED 2.48

DS-SED O.2O

DS-SED 8.87

DS-SED O.41

DS-SED 0.94

DS-SED 1.32

DS-SED 3.12

DS-SED 5.96

DS-SED O.O1

SMS-SED 1.58

SMS-SED O.OO

DS-SED O.O8

DS-SED O.O1

DS.SED O.O7

DS-SED O.27

DS-SED 0.91

SMS-ARC 0.19

SMS-ARC O.1O

SMS-ARC 1.23

SMS-ARC 0.41

MS.ARC O.O7

MS.ARC 0.13

MS-ARC O.O4

MS-ARC O.14

SMS-ARC O.O8

sMs-ARC 0.06

MS-SED 0.56

M/S hex/mono
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Sample

DM98-1 C-07

DM98-1 C-07

DM98-1 C-09

DM98-1 C-09

DM98-1 C-1 1

DM98-1 C-l 1

DM98-1 C-11

DM98-1 C-12

DM98-1 C-1 2

DM98-1 C-12

DM98-1 C-12

JL98-WL-06
JL98-WL-06
JL98-WL-07
JL98-WL-07
JL98-WL-07
JL98-WL-13
JL98-WL-13
JL98-WL-13
JL98-WL-13
JL98-WL-,I4
JL98-WL-I4
JL98-WL-I4
JL98-WL-14
JL98-WL-14
JL98-WL-14
JL98-WL-14
JL98.WL-14
JL98-WL-14
JL98-WL-I4
JL98-WL-14

JL98.WL-18A

JL98-WL-23
JL98-WL-23

Mineral Ore Body Wo,6(S )
py 1c 53.88
py 1C 53.81

py 1C 54.30
py I c s3.23
py I c s3.86
py 1C 54.12
py 1c 54.27
py 1C 54.09
py 1C 53.99
py 1c 54.07
py lC 53.30
py WL 52.98
py WL 53.05
py WL 52.68
py WL 52.71
py WL 52.80
py WL 53.36
py WL 53.47
py WL 52.86
py WL 53.59
py WL s2.33
py WL 52.65
py WL 52.27
py WL 53.07
py WL 52.57
py WL 52.43
py wL 52.36
py WL 53.02
py WL 53.51

py WL 52.7s
py WL 52.43
py WL 53.47
py WL 53.3'l
py WL 53.30

Wo,6(Fe) Wo,6(Co) WoÁ(Ni)

46.37 0.79 0.87
45.64 1.94 0.43
43.89 2.70 0.24
45.97 0.20 1.12
46.88 0.03 1.14
47.63 0.27 0.03
47.98 0.05 0.01

46.05 1.84 0.00
47.57 0.o2 0.61

45.61 1.96 0.00
47.94 0.03 0.11

45.19 0.04 0.46
46.09 0.05 0.29
47.24 0.04 0.41

46.90 0.04 0.51

47.03 0.03 0.67
47 .14 0.08 0.73
46.97 0.05 0.52
46.70 0.05 0.35
46.41 0.O2 0.34
45.97 0.04 0.23
47.28 0.01 0.39
46.98 0.04 0.32
46.03 0.06 0.01

47.20 0.00 0.04
47.52 0.06 0.25
47.33 0.03 0.17
ß.27 0.03 0.00
47.29 0.04 0.00
47.33 0.02 0.22
47.89 0.04 0.27
46.95 1.28 0.00
46.93 0.03 0.02
48.04 0.00 0.00

W%(cu) WoÁ(As) Total
0.00 0.00 102.00
0.05 0.00 101 .92

0.03 0.02 101 .29

0.00 0.00 100.54
0.01 0.05 102.04
0.00 0.06 102.24
0.05 0.03 102.46

0.00 0.00 102.03
0.02 0.01 102.23
0.00 0.00 101 .77

o.o2 0.00 101 .43

0.03 0.00 98.76
0.00 0.01 99.55
0.00 0.01 100.38
0.03 0.00 100.29
o.o7 0.00 100.68
0.07 0.00 101 .49

0.00 0.00 I 01 .1 6

0.01 0.04 100.05
0.00 0.01 100.44
o.02 0.00 98.61

0.00 0.00 100.43
0.00 0.00 99.66
0.00 0.00 99.26
0.00 0.01 99.90
0.06 0.00 100.40
0.00 0.00 99.95
0.00 0.00 101 .36

0.00 0.00 100.90
0.11 0.00 100.46
0.00 0.01 100.68
0.00 0.02 101 .80

0.01 0.00 100.40
0.00 0.00 101 .39

Sulphide Class Ni/Co

MS.SED 1.11

MS-SED 0.22
DS-SED O.O9

DS-SED 5.57

DS-SED 41 .23

DS-SED 0.12

DS-SED O.21

DS-SED O,OO

DS-SED 26.99
DS-SED O.OO

DS-SED 3.26
ls-u 11.83

ts-u 6.32
MS-UB 9.69

MS-UB 14.01

MS-UB 22.20

BMS-SED 9.22

BMS-SED 10.60

BMS-SED 6.45
BMS-SED ,I5.OO

DS-SED 6.08
DS-SED 30.44

DS.SED 8.43

DS-SED O.2O

DS-SED 216.00

DS-SED 3.93

DS-SED 4.81

DS-SED O.OO

DS-SED O.OO

DS-SED 14,27

DS.SED 6.79
BMS-SED O.OO

DS-SED O.5O

DS-SED O.O7

hex/mono
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Sample

JL98-WL-23
JL98-WL-23
JL98-WL-23

JL98-WL-23

JL98-1 C-1 I
JL98-1 C-1 I
J 198-1 C-l I

JL98-r C-258

JL98-1 C-258
JL98-1 C-258
JL98-1 C-25D

JL98-1 C-25D

JL98-1 C-25D
J 198-l D-1 3a

JL98-1 D-1 3a

JL98-1 D-'t 3a

JL98-1 D-14

JL98-l D-14

JL98-1 D-1 4
JL98-1 D-1 4
JL98-1 D-14

JL98-1 D-1 5

JL98-1 D-1 5

JL98-'1 D-15
JL98-1 D-1 5

JL98-l D-15

JL98-1 D-1 6

JL98-1 D-'16

JL98-1 D-1 6

JL98-1 D-1 6

JL98-1 D-1 8A

JL98-1 D-1 8A

JL98-BT-1 O

JL98-BT-1 O

Mineral
pv

pv

pv

pv

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

Ore Body

WL
WL
WL
WL
1C

1C

1C

1C

1C

1C

1C

1C

1C

1D

1D

1D

1D

1D

1D

1D

1D

1D

1D

1D

1D

1D
,I 

D

1D

ID
1D

1D

1D

BÏ
BT

wo,6(s )

53.35

53.51

53.09

53.11

18.70

18.21

18.47

18.53

18.22

17.83

18.29

17.85

18.06

18.31

18.39

Iö.JJ

18.66

18.55

18.67

18.76

18.'l 6

18.34

18.09

18.04

18.28

18.05

18.O7

17.96

18.17

18.20

18.45

18.59
't9.30

19.22

Woó(Fe) Wo,6(Co) WoÁ(Ni)

47.59 0.03 0.16
47.90 0.01 0.02
47.20 0.02 0.10
44.45 0.05 0.18
6.28 8.61 20.87
5.90 7.62 22.34
6.18 8.08 21 .31

6.11 8.75 20.03
6.24 8.04 20.81

5.63 7.55 21 .90

6.51 8.84 20.29
5.74 7.46 20.82
6.34 8.34 20.82
4.21 4.27 26.53
4.16 4.08 26.27
4.59 4.59 26íÐ
4.79 4.51 26.02
4.96 4.87 25.33
4.33 4.49 25.89
5.52 6.',t2 23.64
4.14 4.34 25.51

4.41 4.65 26.13
4.38 4.45 26.41

4.39 4.5't 26j7
4.38 4.58 26.05
4.31 4.31 26.44
4.34 4.32 27.40
4.56 4.47 27.24
4.40 4.14 26.78
4.54 4.44 27.08
4.64 4.51 26.26
4.91 4.77 26.19
5.76 19.41 9.58
6.29 19.40 9.62

W%(cu) WoÁ(As) Total
0.00 0.00 101 .16

0.02 0.00 101 .53

0.25 0.00 100.72

0.31 0.00 98.20
0.00 45.66 100.47

0.00 46.18 100.63
0.03 45.44 99.85
0.13 46.33 100..18

0.08 46.69 100.36
0.01 47.16 100.46
0.03 46.76 101 .06

0.04 46.88 99.13
0.04 46.95 100.91

o.o2 46.53 100.21

0.00 46.27 99.54
0.04 46.29 100.52
0.03 46.23 100.55
0.o2 46.30 100.39
0.00 46.25 99.98
0.04 46.02 100.44
0.03 46.67 99.18
0.05 46.31 100.20
0.00 46.71 100.49
0.04 46.37 99.96
0.01 46.46 100.30
0.01 46.51 99.94
o.12 46.28 100.92
o.14 46.50 101 .19

0.22 45.96 100.01

0.12 46.55 101 .27

0.04 45.73 100.02
0.00 45.51 100.36
0.04 45.18 99.55
0.01 45.27 100.06

Sulphide Class Ni/Co

DS-SED 6.02
DS.SED 2.14
DS-SED 4.81

DS-SED 3,75
SMS-SED 2.42
SMS-SED 2.93
SMS-SED 2.64
MS-SED 2.29
MS-SED 2.59

MS-SED 2.9O

MS-SED 2.3O

MS.SED 2.79
MS-SED 2.5O

SMS-SED 6.22
SMS-SED 6.45

SMS-SED 5,75

SMS-SED 5.77
SMS-SED 5.20

SMS-SED 5.77
SMS-SED 3.86

SMS-SED 5.88
SMS-SED 5.62
SMS-SED 5.94

SMS-SED 5.80
SMS-SED 5,69
SMS-SED 6.13
SMS-SED 6.34

SMS-SED 6.10

SMS-SED 6.47

SMS-SED 6.10
SMS-SED 5.83
SMS-SED 5.48
MS-SED 0.49

MS-SED O,5O

hex/mono
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Sample

JL98-8T.1 5

JL98-BT-1 5

JL98-T1 -07

JL98-T1 -07

JL98-TI -1 1

JL98-T1-1 1

J 198-T1 -r 2

JL98-T1-12

JL98-T1 -1 3

JL98-T1 -1 3

J L9B.T1 -,1 9

J 198-ï1 -1 I
JL98-T1 -1 I
JL98-T1 -1 I
JL98-T1 -1 I
J L9B-T1 -,I 9

J 198-Tl -1 I

Mineral

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

gd

ni

ni

ni

Ore Body WoÁ(S )

BT 18.85
BT 18.83

T1 18.67
T1 19.14

T1 17.71

ï1 17.s4
T1 18.41

T1 18.07

11 18.38

T1 18.20

T1 18.20

Tl 18.20

T1 17.78

T1 17.99

T1 0.26

T1 0.23

ï1 0.22

Wo,6(Fe) Wo,6(Co) W%(ND
6.63 14.19 14.67

6.79 14.77 14.48

7.19 8.78 19.63
7.62 9.40 18.7'l

6.73 6.38 22.79
6.29 6.45 22.87
7.24 8.50 19.05
7.12 7.85 20.01

6.86 8.4U 19.35

6.4 6.70 21 .50

6.10 7.21 22.18
5.81 5.88 23.02
5.88 6.25 22.'t3
5.88 6.87 22.23
0.06 0.01 45.60
0.05 0.o2 44.69
o.o2 0.04 44.63

Wo,6(Cu) WoÁ(As) Total
0.00 46.14 100.79
0.01 46.30 101 .49

0.07 45.87 100.54
o.12 44.96 100.38
0.01 47.59 101 .53

0.05 47.30 100.88
0.00 46.09 99.54
0.01 46.41 99.74
0.04 45.40 98.76
0.00 46.13 99.23
0.08 45.59 99.66
0.04 46.81 100.18
o.o2 46.09 98.53
0.02 46.35 99.66
0.00 54.56 100.90
0.00 54.83 100.36
0.05 54.27 99.83

Sulphide Class Ni/Co

MS-SED 1.03

MS-SED 0.98

MS-UB 2.23

MS-UB 1.99

ts-u 3.57

ts-u 3.55

MS-UB 2.24

MS-UB 2.55

ts-u 2.28
ts-u 3.21

MS-SED 3.07

MS.SED 3,92

MS-SED 3.54

MS-SED 3.24

MS-SED 5560.85

MS-SED 2468.82

MS-SED 1206.11

he)dmono
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APPENDIX 4: PIXE DATA

Data is sorted by mineral, then by ore body

Abbreviations:

Mineral:
. po : pyrrhotite
. pn: pentlandite
. cp : chalcopyrite
. py : pyrite
. gd : gersdorffite
o ni : niccolite

Ore body
o lC : iC ore body, Thompson Mine
. lD : lD ore body, Thompson Mine
o Tl : Tl Mine, Thompson Mine
¡ BT: Birchtree Mine
o BU: Bucko Lake
. SN: Soab North
. WL = William Lake deposit
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Sample

J 198-'t C-1 I
JL98-1C-19

JL98-1 C-1 I
JL98-1 C-1 I
JL98-1 C-1 9

JL98-1 C-20

JL98-1 C-20

JL98-1 C-20

JL98-1 C-24A

JL98-1 C-244

JL98-1 C-24A

JL98-1 C-258

JL98-1 C-2sB

JL98-1 C-28A

JL98-1 C-28A

JL98-r C-28A

JL98-1 C-33

J 198-'t C-33

JL98-1 C-33

JL98-1 D-o'r

JL98-1 D-01

JL98-1 D-1 3A

JL98-1 D-1 3A

JL98-1 D-l 3B

JL98-1 D-1 38

JL98-1 D-1 3B

JL98-1 D-1 6

JL98-'t D-16

JL98-1 D-1 6

JL98-1 D-1 8A

JL98-1 D-1 8A

JL98-1 D-1 8A

JL98-1 D-1 BB

JL98-1 D-1 8B

JL98-1 D-1 8B

JL98-1 D-21

JL98-1 D-21

JL98-1 D-21

JL98-BT-01

JL98-BT-02

JL98-BT-02

JL98-BT-02

JL98.BT-03

JL98-BT-03

JL98-BT-05

JL98-BT-05

JL98.BT-08

JL98-BT-08

JLgB-BT-1 O

JL98-BT-1 O

JL98.BT-1 O

JL98-BT-1 O

JL98-BT-1 1

JL98-BT-1 1

Mineral Ore Body

po 1C

po lC
po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po 1C

po '1 D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po 1D

po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT
po BT

Fe (ppm) co (ppm)

591 958 6858

587544 6932

581647 6310
586171 7355

586833 6662

582020 6183

583040 6748

584399 6876

597361 6842

595345 6870

592865 71s0

580907 6108

582467 6198

601 648 8335

598982 7150

595536 7756

600996 7551

599644 798't

602103 7480

606435 8325

608160 7526
591503 7171

588626 6894

590208 7274

586988 6696

598025 6438

550222 6632

587173 6691

592847 6510

586258 5808

584656 6533

588400 6878

589908 7038

586553 6793

587356 6443

588708 6436

586473 6848

s89063 711s
584955 6007

588436 6812

588227 7311

584138 5865

589030 7322

589065 6656

592065 7538

594346 8153

583898 7903

585187 6762

593708 6721

597673 7146

598980 6589

595495 6579

601134 7100

614031 6568

Ni (ppm) cu (ppm)

4402 36

4879 37

4723 52

4650 30
5197 45

3589 29

3652 I
3357 14

6395 35

6215 35
5847 45

11474 56

11467 63

464 17

516 I
471 11

1979 23

3477 37

2566 30

2083 19

1909 93

7632 61

6857 28

6319 43

4744 39

7677 50

4720 80
s221 67

7106 51

9573 39

9738 46

9073 60

4192 41

3803 49

4156 25

3982 39

3934 33

3738 17

7088 72

2919 29

1817 25

2319 3

1488 3't

2412 12

1328 27
1 141 aEI t¿J l¿

1218 21

1371 22

3151 25

4750 27

5203 35

5136 20

2769 19

2382 12

Zn (ppm)
a

1

10

6

6

b

I
7

4

11

12

l¿

7

2

1

0

J

2

4

4
aJ

14

I
ô

I
4

15

4

7

J

t4
12

7

9

15

Lt

4a
IJ

2

1

11

3
1a

J

14

1

2

1

0

2

6
41

I
o

a

As (ppm)

0

4

4

7

0

1

1

1

4

0

1

1

o

5

0

0

4

4

0
o

E

1

3

5

1

0

1

4

2
t

1

0
a

0

2

1

4

2

2

7

0

3

6

4

0

2

2

1

1

4

2
E

1

Appendix 4 198



Sample

JL98-BT-1 3

J 198-BT-I 3

JL98-BT-,13

JL98-BT-1 4

JL98-BT-I 4

JL98-BT-1 4

JL98-BT-1 5

JL98-BT-1 5

J 198-BT-I 5

JL98-WL-06

JL98-WL-06

JL98-WL-06

JL98-WL-07

JL98-WL-07

JL98-WL-12

JL98-WL-I2
J 198-WL-1 2

JL98-WL-19

JL98-W1.19
JL98-WL-19

JL98-WL-30

JL98-WL-30

JL98-WL-31

JL98-WL-33

JL98-WL-33

J 198-W1.34

JL98-WL-34

JL98-1 C-'r9

JL98-1 C-1 I
JL98-1 C-19

JL98-1 C-1 I
JL98-1 C-1 I
JLgB-1 C-20

JL98-1 C-20

JL98-1 C-20

JL98-1 C-24A

JL98-1 C-24A

JL98-1 C-24A

JL98-1 C-258

JL98-1 C-258

JL98-1 C-258

JL98-1 D-1 3A

JL98-1 D-1 3A

JL98-1 D-r 3A

JL98-1 D-1 6

JL98-1 D-l 6

JL98-1 D-1 8A

JLgB.,1 D-18A

JLgB-I D-1 8A

JL98-BT-02

JL98-BT-02

JL98-BT-02

JL98-BT-02

JL98-BT-08

Minerai

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

po

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

pn

Ore Body Fe (ppm)

BT 602599

BT 603827

BT 598762

BT 598976

BT 587670

BT 599656

BT 602338

BT 589207

BT 593898

wL 590278

wL 587051

wL 590264

wL 585631

wL 5870s9

wL 596429

wL 598256

wL s95973

wL 599074

wL 5981 16

wL s97832
wL 599109

wL 595786

wL 5831 85

wL 602150

wL 602668

wL 590005

wL 592949

1 C 306650

1 C 303730

1C 309762
1C 300162

1C 308726

1C 308182
11 a^EEOE
I V JUJJOJ

1 C 307695

1C 304326

1 C 306108

1C 304391

1C 294664

1C 294976

1C 298307

1 D 305394

1D s10484
'1 D 304626
'l D 306122

1 D 303005

1 D 294631

1 D 293211

1D 295894

BT 308310

BT 306210

BT 310710

BT 307162
BT 317943

co (ppm) N¡ (ppm)

6568 22s2

6780 2396

6019 2671

8490 1574

7585 1528
7577 1384

6752 6329

^a7,4. 
??Oq

651 1 5326

5581 7363

7083 6782
7058 6349

6255 6313

6435 6604

6479 7085

6775 7206

6726 6598

7727 4514

6766 4332

6351 4277

7302 495

7436 476

7168 413

7068 3705

7547 3954

6435 7250

7'1 66 61 91

't '1059 364033

9554 365887

8893 368193

9518 362488

9239 366184

4484 358585

4059 362841

4806 363190

6848 365837

7478 366196

6894 361 185

109s2 375569

1 041 9 3751 86

11280 373197

6439 376023

5771 373081

6507 371696

7008 370469

6133 365458

6997 383371

6824 379158

6945 382102

16222 333961

17962 336245

17164 340165

17465 333885

19571 33'1463

cu (ppm) Zn (ppm) As (ppm)

63 16 1

3641
103 16 2

1222
23 16
11 3 3

2260
2200
2432
2984
4020
47 l0 0

4400
38 10
7734
52 16 4

4966
3874
31 02
4343
010
19 0 2

402
34 '1 0 0

25 13 0

4972
3484
0 11 0

15 22 0

93475
91276
2348
0200
28177
17 13 10

24243
0 15 3

72203
6200
804
22220
48 20 11

95296
19 24 0

000
109 4 5

0148
24 16 13

0 13 4

35 18 4
aÊ7t¿ ¿¿

2394
18 20 0

o275
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Sample

JL98-BT-08

JL98-BT-08

JL98-BT-1 O

JL98-BT-I O

JL98-BT-1 O

JL98-BT-1 ,f

JL98-BT-1 1

JL98-BT-1 5

JL98-BT-,I5

JL98-BT-I 5

JL98-W1.34
JL98-WL-34
JL98-1 C-1 I

JL98-1 C-258

JL98-1 C-258

JL98-1 D-1 3A

JL98-'1 D-13A

JL98-1 D-1 3A

JL98-1 D-1 6

JL98-BT-02

JL98-BT-02

JL98-BT-08

JL98-BT-08

JLgB-BT-08

JL98-BT-1 O

JL98-WL-11

JL98-WL-34
JL98-WL-34
JL98-1 C-20

JL98-1 C-20

JL98-1 C-20

JL98-'l D- t 3A

JL98-r D-1 3A

JL98-1 D-1 8A

JLgB.1 D-1 8A

JL98-1 D-'18A

JL98-BT-05

JL98-BT-05

J 198-BT-05

JL98.WL-,1 1

JL98-WL-11

Mineral Ore Body

pn BT

pn BT
pn BT
pn BT
pn BT
pn BT
pn BT
pn BT
pn BT

pn BT
pn WL
pn WL
cp 1C

cp 1C

cp 1C

cp 1D

cp 1D

cp 1D

cp 1D

cp BT

cp BT
cp BT

cp BT

cp BT

cp BT
cp WL
cp WL
cp WL
py 1C

py 1C

pv 'l c
py 1D

pv 1D

pv 1D

py 1D

py 1D

PY BT

PY BT

PY BT

PY WL

PY WL

Fe (ppm) co (ppm)

318197 19391

31 8280 1 9549
307741 20068
307816 20157
304753 20509
318666 16474

317209 17968

303534 16617

303871 16403
306558 16688

291358 11876

238667 11874
306718 6398
322529 3173

325200 2853

312270 529s

297233 4807

312716 3758

308201 3955

321235 7336

327947 6874

302972 3309

304362 6386

315586 6535

318586 7131

299143 6336

321219 2915

306957 399

451961 19385

450505 16760

434601 19191

453407 1s192

454387 18066

466101 5454

462369 4921

465110 5164

472465 5375

471477 5438

473098 5644

456702 10506

458372 8955

Ni(ppm) cu (ppm)
327671 0

328617 0

344408 33
340056 33

342983 0

324641 92

334560 0

356169 75

JO/O4o t4
357086 46

380421 38

358506 26
0 346582

0 339646

42 341187

0 345131

71 344783

o 348812
565 347746
989 338855

416 329571

63 344723

1544 339065

539 342508

0 343269

0 340067

200 344853

0 344675

201 17

354 41

406 102
3734 51

4025 957

420
13 0

44 14

2074 32
1EÔ1
¡ JO I ¿t

554 5

603 411

264 67

Zn (ppm) As (ppm)

220
00
06
287
24 1

20 1

17
17 1

14 0

445
400
00

ó¿U U

168 0

470
505 0

247 1

311 0

352 0

0 11

76 12

251 1

145 0

890
273 I
134 0

90 13

114 0

410
1 197

4 409

11
14 10

937
0 153

8 lB
042
330
2 toJJO

80
¿ô
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APPENDIX 5: WHOLE-ROCK GEOCHEMICAL DATA

Abbreviations:

Sulphide classes:
. DS-SED : disseminated sulphides in metasediments
. DS-U : disseminated sulphides in ultramafrc rocks
. IS-U : interstitial sulphides in ultramafic rocks
o MS-U : massive sulphides in ultramafic breccia
¡ BMS-SED : barren massive sulphides in metasediments
. MS-SED : massive sulphides in metasediments
. SMS-SED : semi-massive sulphides in metasediments.
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Sam

Thompson 1C ore body

JL98-1 C-06

JL98-1 C-07

JL98-1 C-r 0

JL98-1 C-1 1

JL98-1 C-1 2

JL98-1 C-1 4

JL98-1 C-1 7

JL98-1 C-1 I
JL98-'t C-19A

JL98-1 C-1 98
JL98-1 C-20

JL98-r C-2sA

JL98-1 C-258

JL98-1 C-25D

JL98-1 C-268

JL98-1 C-28A

JL98-1 C-29

JL98-1 C-33

wt0,6

Class SiO2

DS-SED

DS-SED

DS.SED

DS-SED

DS-SED

DS-SED

DS.SED

DS-SED

SMS-SED

SMS-SED

MS.SED

MS-SED

MS-SED

MS-SED

DS-SED

DS-SED

DS-SED

DS-SED

wt%

rioz

52 03

49.36

60.1 7

63.47

85.63

76.00

86.60

51.54

57.44

wt0/6

4t203

0.76

098
0.78

0.55

011
0.41

0.13

0.84

006
0.84

0.00

0.11

0.07

0.04

0.18

o.17

052
0.67

wto/o

Fe2O3

12.75

20.73

16.29

7.46

10.94

6.99

14.22

2.65

19.49

0.87

1.79

2.40

1.69

9.58

4.39

14.13

19 28

Thompson 'l D ore body

wtoÁ

MnO

JL98-1 D-01

JL98-1 D-03

JL98-1 D-05

JL98-1 D-08

JL98-1 D-09

JL98-1 D-1 1

JL98-1 D-1 2

JL98-1 D-1 4

JL98-1 D-1 8A

JL98-1 D-'188

11.52

13.04

742
8.02

1.06

.7.t¿

1.34

12.81

74.06

8.98

80 71

77.39

I t.ôô
76.55

2.62

25.65

5.43

692

80.70

60.1 3

67.47

62 40

0.187

0.263

0.165

0.055

0.01 1

0.053

0.007

0.196

0.143

0.296

0.031

0.041

0.050

0.062

0 009

I .¿Oó

o.o47

0.055

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

SMS.SED

SMS.SED

DS-SED

8.36

12.91

2.35

1.85

0.31

1.13

0.61

8.66

2.94

0.o2

0.21

0.24

0.17

o.72

3.57

194
1.96

59 04

66.53

51 .98

60.66

57 26

65.32

62.62

59.11

wt016

Na2O

7.65

3.94

1.65

t.¿J

1.24

1.92

0.49

7.56

039
1.64

0.75

0.19

0.34

0.23

1.68

3.13

2.42

1.23

1.14

0.51

0.97

0.65

0.38

0.50

0.87

o.12

0.09

o.79

2.46

0.69

2.27

2.06

1.74

2.24

1.86

2.34

0.08

2.83

0.03

0.08

0.28

0.12

2.84

0.35

3.67

2.10

16.78

14.11

13.56

17.37

13.48

16.61

16.60
,oÃ
ÀÈa

19.23

0.78

3.20

2.74

405
1.27

1.48

1.92

0.50

0.56

3.43

0.06

0.50

0.43

o.34

1 .11

0.04

1.91

3.55

10.21

7.13

12.63

7.65

13.O2

5.56

Õ.J¿

60.52

48.55
a??

0.03

0.08

0.03

0.03

0.01

0.04

o.02

0.06

o.20

0.03

0.21

o.20

o.21

o.21

o.o2

0.46

0.03

0.04

0 160

0 084

0.200

0.'130

0.024
0.061

0.156

o o21

0.0'18

o.217

\,Vto/o

LOt

t?o

1.47

8.44
a 4E

1 .14

1.61

1.81

0.25

0.04
aEa

3.04

2.95

1.983
ôÃ

1.07

2.15

o.423
1 .616

1.86

4.28

1.94

8.29
aaa

1 .18

1.80
aaa

0.19

o.47

1.27

u.l3

0 9'l

o.21

o.29

0.3

2.51

3.40

1.43

4.35

2.66
aÀa

o.12

0.68

z.tu
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2.27

2.14

o.74

1.80

1.1¿

2.45

2.20

0.75

097
368

0.11

0.01

0.08

0.o2

0.01

0.03

0.05

0.18

o.17

0.06

0.8

1.62

2,32

1.758

1.11

2.541

1.593

2.85

6.963

2.981

o.947

2.82

o.23
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Sam

JL98-1 D-20

JL98-'t D-21

JL98-1D-22

JL98-l D-23

JL99-1 D-31

JL99-1 D-32

JL99-1 D-33

JL99-1 D-34

JL99-1 D-35

JL99-'1 D-36

JL99-1 D-37

JL99-'t D-38

JL99-1 D-39

Blrchtree [/line

JL98-BT-01

JL98.BT-02

JL98-BT-03

JL98.BT-04
JL98-BT-05

JL98-BT-O8B

JL98.BT-OS

JL98-BT-1 O

JL98-BT-1 1

JL98-BT-1 2

JLgB-8T.1 5

JL98-8T.1 6B

JL98-BT-1 8

JL98-BT-20

JL98-BT-25

Sulph Class

SMS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

DS-SED

SMS-SED

BMS-SED

DS-SED

BMS.SED

BMS-SED

BMS-SED

wtoÁ

si02
wt0/6

Tio2

58 77

58.65

63.84

66 92

61 23

65 07

67.76

0.o7

o.41

0.78

0.57

0.49

0.73

0.61

0.38

0.06

0.35

0.15

0.38

0.10

wt%

4t203

a2a

14.66

16 64

18.15

17.26

17.64

11.83

1.55

14.85

3.97

6.84

1.72

vYto/o

Fe2O3

61.90

IJ.þU

987
7.60

6.76

8.49

6.32

22.77

64.88

605
50 02

37.28

61.60

DS-U

MS-UB

IS-U

DS-SED

DS-SED

MS-UB

DS-U

MS-SED

DS-U

DS-SED

MS-SED

MS-UB

DS-SED

MS-UB

DS-U

wtoÁ

MnO

0.019

0.759

wt%

MqC

?, Ão

34.18

60.05

60 39

37.22

48.47

51 .42

64 16

33.41

0.016

0.131

0.'106

o.125
0.205

0.043

0.018

o.152

0.029

0.078

0.015

0.06

3.06

2.37

1.89

1.70

1.93

1.87

0.03

I.JJ

lqo

aaa

0.38

wto/o

CaO

0.0't

0.01

o.17

0.45

0.34

0.01

0.10

0.18

0.90

0.01

0.01

o62
0.o2

0.01

0.47

2.47

2.O4

o.78

1.89

1.73

1.01

2.O2

0.32

2.05

0.56

o.32

0.45

wt0Á

Na2O

032
093
1.63

11.94

9.10

0.83

¿.ôJ

0.3'1

504
14 60

0.77

1.03

17.23

1 .19

0,28

051

2.56

3.38

1.62

J. I /

¿.t4
1.51

2.79
nt?

3.48

0.55

0.54

0.57

Wto/o

K20

10.79
OE È1

18.84
'15.50

17.51

86.'18

979
87.28

11.53

12.87

83.68

58.37

497
aa aa

'10.30

067
1.66
aa1

3.74

2.29

2.ô3

3.87

2.19

o.28

1.70

1.08

2.O4

0.37

wtoó

P205

0.093

0.037

0.052

o.847

0.585

0.028

0.090

0.015

o.221

0.196

0.022

0.025

0.053

0.035

0.188

0.19

0.07

004
o.02

0.02

0.02

0.02

0.13

o.23

o02
0.11

0.09

0.13

39.10

0.73

34.99

3.82

498
191

35.88

0.12

zo.tI
/.JÖ

063
3.67
't .68

0.79

38 96

wtoó

c02

406

wt%

LOt

0.04

0.09

0.09
'l .55

094
0.18

o.25

0.08

3.95

5.36

o.28

1.O7

0.24

0.05

0 31

002
081
0.88
ñtÕ

0.02

0.49

0.01

0.39

374
o.02

5.47

0.03

0.35

2.15

3.1't

1.82

2.55

¿.ö

214

2.23

N,M.

N.M.

N.M.

0.10

2.96

1.82

0.02

0.03

1.23

0.05

001
2.09

0.16

9.27

1.62

16.3

001
o.23

0.1 0

0.1 6

u.¿l
0.01

0.22

0.03

0.05

0.23

0.21

0.05

o.24
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0.09

0.09

0.1

0.06

0.08

o12

16.27

8.59

J.ôl

J.b9

2.539

1.244

16 l8
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Sample

Thompson T1 Mine

JL98-Tl -03

JL98-T1 -06

JL98-T1 -09A

JL98-T't-10

JL98-T1 -1 1

JL98-T1 -1 2

JL98-T1 -1 6

JL98-T1 -1 7

JL98-T1 -1 I
J 198-Tl -20
JL98-Í1-22
JL98-T1 -23

JL99-T1 -24

JL99-T1 -2s

JL99-T't-26

Jt99-T1-27
JL99-T1 -32

JL99-T1 -33

JL99-T1 -34

JL99-T't-35

JL99-Tl -36

\üto/o

h Class SiO2

DS-SED

DS-SED

N4S-UB

DS-U

IS-U

MS-UB

DS-SED

DS-SED

MS-SED

DS-SED

MS-UB

DS-SED

DS-SED

BMS-SED

BMS-SED

DS-SED

DS-SED

DS-SED

DS.SED

MS-SED

DS-SED

wtoÁ

Tio2

82.63

61.34

wt0/6

4t203

36.48
2l ao

38.1 1

63.58

68.36

68.32

40.70

64.78

68.74

s1.51

87.62

62.45

0 0í
0.74

0.07

0.07

o.17

o.72

0.05

o37
054
o.24

0.06

003
0.39

o.26

0.95

0.05

o.o2

0.66

wtoÁ

Fe2O3

o.29

18.78

0.46

2.UU

2.01

0.42

2.88

18.77

1.94
'f 3.08

840
1434
501
1.84

o.12

14.83

15.83

13.81

594
1.01

16.69

Wto/o

MnO

9.18

704
82.12

12.29

22.20

81.48

27.39

b.bJ

75.84
E a4

29.24

5.96

34 26

6257

7.52

1.78

12.72

084
57.27

717

wt%

0.023

0 083

U

0.034

0.184

0.199

o.o22

0.400

4.042
0.087

0.039

0.093

0.243

4.315
0.035

0.026

0.080

o.341

0.010

0.026

0.041

Wto/o

CaO

1.97

2.79

o07
38.26

31 .28

o.52

7.22

1.90

0.36

2.09

2.69

2.O3

7.13

o.12

2.49

o.92

10.81

0.14

2.O4

wt0,6

Na2O

2.79

L68
094
0.24

0 5'1

0.09

13.16

o92
U-Jb

2.O8

2.14
tao

0.34

0.05
)o)
1.91

3.24

0.70

0,1 I
t.o/

037
2.76

0.01

0.70

0.05

0.01

0.40

1.80

0.20

3.98

0.36

2.63

o.o4

o.29

0.10

2.81

3.88

0.29
'1 .35

0.08

5 U/

0.01

2.94

0.06

0.14

0.57

o.o2

0.13

3.69

0.39

1.91

2.01

2.78

0.34

o.22

o.14
'l .85

5.31
À 1E

2.22

0.20

2.18

wt%

vul

0.14

0.03

0.23

0.22

2.34

U.Ub

0.22

0.06

0.'16

0.04

0.45

0.19

0.09

0.15

0.08

0.07

0.01

018
0.02

vYto/o

LOI

0.98

008
o.14

o.47

0.67

2.801

1.963

8.29

908

6.82

2.09

z.ö

1 268
2.763

N.M.

2.452
1.33

2.41

1.3

3,938
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Thompson '1 C ore body

JL98-1 C-06 DS-SED 2.70
JL98-1 C-07 DS-SED 0.01

JL98-1 C-10 DS-SED 0.06
JL98-1 C-1 1 DS-SED 1.56

JL98-1 C-12 DS-SED O.21

JL98-1 C-14 DS-SED 0.64
JL98-1 C-17 DS-SED 0.19
JL98-1 C-18 DS-SED 0.03

JL98-'t C-19A SMS-SED 33.30
JL98-1 C.198 SMS-SED 0.29
JL98-'r C-20 MS-SED 37.30

JL98-r C-25A MS-SED 34.60
JL98-1 C-258 MS-SED 33.60
JL98-1 C-2sD MS-SED 35.50
JL98-'t C-268 DS-SED 0.36
JL98-1 C-28A DS-SED 0.52
JL98-1 C-29 DS-SED 0.76
JL98-l C-33 DS-SED 0.s7

Thompson '1 D ore body

J198.1 D-01 DS-SED O.43

JL98-1 D-03 DS,SED 1.18
JL9B-1 D-05 DS-SED 0.17
JL98-1 D-08 DS-SED 0.87
JL98-1 D-09 DS-SED 5.99
JL98-1 D-11 DS-SED 0.63
JL98-1 D-l2 DS-SED O.29

JL98-1 D-14 SMS-SED 33.80
JL98-1 D-18A SMS-SED 27 .40

JL98-I D-188 DS-SED O.52

Wto/o

ò

ppm ppm ppm ppm

Ni Co Cu Zn

418

118
oa

aa

65

294
312
155

670

1 530

1 170

860
10

46

82

122

102 66

395 59

80 54

39 64

20 103

49 78
'18 98

227 75

75120 1336

1 133 39

82280 1071

66600 1323
66240 1496

86400 1 955

38 104

7

43 21

65 50

125

2

4

188

4

54
'13

26

2560
1E

628

3376

3042

3078

109

126

100

88

27

60

25

103

ppb ppb ppb ppb ppb ppm ppb ppm

Ru Rh Pt Pd Au Bi Se As

56
'101

368

1 '15

64

80

62

268
aÁE

121

169

62

EA

69

ZJJ

43
vtl
72

Jb

1 08840

84040

515

113.4

141 .0

163.0

138.0

144 0

438

153

104

368.8 120.0

458.8 131 .0

431 .8 143.0

396.8 141 .O

446.8 156.0

47

135

226

113

27 69

54 100

65 65

44 215

174 328
39 174

31 0

1535 3200

744 8s6

38 290

7.7 226.6

7.8 291 .6

¿¿.o ôtt.ô
28.7 6726
27.3 915.6

121

72

103 0.1

115

64

77

115

2000

1 '100

1.27 25200 33.5
0.03 326

2.92 24500 44.3
4.O2 31 100 84.2

4.1 27600 97

5.06 32200 85.5

47.5

114.O

130
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13.9

10.0

18.3

0.6

14.9

0.7

265.8 '1 16.0

181 9 136.0

6.9 18 4

0.12 396

0.06 233

10.3

360.8

09

1050.6 49.5

1587 5 95.6

4000

2500 1.4

34.57 31500 323

26600 264
0.07 177
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JL98-1 D-20

JL98-1 D-21

JL98-1D-22

JL98-1 D-23

JL99-1 D-31

JL99-1 D-32

JL99-'t D-33

JL99-1 D-34

JL99-1 D-35

JL99-1 D-36

JL99-1 D-37

JL99-1 D-38

JL99-1 D-39

Birchtree Mlne

JL98-BT-01

JL98-BT-02

JL98-BT-03

JL98-BT-04

JL98-BT-05

JL98-BT-O8B

JL98-BT-09

JL98-BT-1 O

JL98-BT-1 1

JL98-BT-1 2

JL98-BT-1 5

JL98-BT-I 6B

JL98-BT-1 8

JL98-BT-20

JL98-8T.25

SMS-SED 31 .50

DS-SED 2.22

DS-SED 277
DS-SED 0.39

DS-SED 0.82

DS-SED O74

DS-SED 0.18

SMS-SED 8.71

BMS-SED 33.40

DS-SED 1.O4

BMS-SED 24.60
BMS-SED ,I 5.80

BMS-SED 3,I .80

141

120

94

118

96
laE

96

100

27

162
'1 10

242

21

1 1 4120

2224

157

o¿

49

154

72

328
430
10

9570

6152
12821

1325

30

54
q.)

62

68

103
C'

125

93

157

DS-U

MS-UB

IS-U

DS-SED

DS-SED

MS-UB

DS-U

MS-SED

DS-U

DS-SED

I\¡S-SED

MS-UB

DS-SED

MS-UB

DS-U

1842
aEa

308

o22
37.30

3.03

0.68

2.84

37.70

0.89

o32
33.30

32.60

0.12

37.00

0.1 I

21

70

220
14

666

314
48

591

796

264

131

112

98

91

112

98

106

71

80

129

229
104

a1 ÊE

800

2863

103

70

558

3078

91

2600

292

340
1250
o?

307

2038

570
0.0

0.1

6794
45280

6600

31

23840

4120

42280

2511

215
50560

43760
Êa

48520
a À10

97.8

o.2

0.1

92.0

0.3

o.2

153

2034

135

4Õ

10

940
oa

177 4

76

oÕ

1825

IJ/U

56

1 901

97

15.0 1017.6 28.6
3.5 29.O 8.4

4.4 4.8 3 0

104

588

190
E4

t/J
aaa

14

426
oq

¿tó

1010

7720

ôt
IJJII

77

4J

76

102

22

28

51

200
108

ET

57.4

9.0

2.8

12.O

2.2

56.'1

31 .4

¿oo

7.3

28 46 22600 321

o.14 3400 1.2

0 '15 396

9.6 2.1

148.8 27.2

12.3 4.4

71 .8 15.5

5.1 1.1

47 .6 10.1

2.2 0.6

145.8 27.7

96.9 21 .3

140.8 36.0

9.3 2.4

4
'71

28

13.5

lô.4

tJ I

88.6

8.5

12.1

5.2
40 a

4.O

123.6

51 .9

71 .1

17.O

'1400 6.5

12700 1.7

1 000

1 1 100 26.2

7400 7.4

1 '1900 9.8
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0.5 0.14

21 .2 0.52

19.4 014

0.83

3.9 0 31

7.4 0.12

0.37

1.8 0.07

4.2 1.52

1432.6

13.8 1.95

1.9 0.14

E'

0.6

1.7

t\
1.3

5.4

9.5

478

22300 49.1

1770

2400 8.3

21900 8.1

69

19000 34.3

466

23000 71.3

1s700 95.5

1 300

17400 81 5

414
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Thompson T1 Mine

J 198-T1 -03

JL98-T1 -06

JL98-T1 -09A

JL98-Tl -1 0

JL98-T1 -1 1

JL98-T1 -t 2
JL98-T1 -l 6
JL98-T1 -1 7
JL98-T1 -1 I
JL98-T1-20

JL98-T1-22

JL9B-T1-23

JL99-T1,24

JL99-ï1 -25

JL99-T1 -26

JL99-r1-27
JL99-T1 -32

JL99-T1 -33

JL99-T1 -34

JL99-T1 -3s

JL99-T1 -36

Sulph Class

Wto/o ppm

DS-SED 4.15
DS-SED O.77

MS-UB 38.20

DS-U 1.79

ls-u 8.89

MS-UB 37.90

DS-SED 6.57

DS-SED O.O1

MS-SED 35.00

DS-SED 0.94

tvls-u B '1 6.00

DS-SED 0.37

DS-SED 4.50

BMS-SED 30,70

BMS-SED 37.00

DS-SED 2.10

DS-SED O 03

DS-SED 0.06

DS.SED O 15

IMS-SED 35,50

DS-SED 1.84

17

112

26

4081

7136
ot

10

s4

370
70

734

119
E'JJ

25

30

78

49

405

to
262

109

11

ça

79920

11720

16120

70240

74

öo

52720

41

24680

81

45

I I tO

1 590

52

JI

302
22

7660

bb

127
tra

1 785

t4z
âoo

t¿zt
.E

72
o<t

424

oz

65

l8
80
OE

72

141

1 093

80

ppm

1s5

lJo

2810

268
2112

2054
1022

2
2ÁE

70

1370

95

Jbtl

770

876

64

J

1

J

2502
73

ppb

44

183

ppb

3.9 4.4 38.1 5.1

538 11.0 32.5 9.5 50.8
98 22.6 40.5 37.0 13.3

23.6 38.0 28.7 1.7

ppb

JO

95

74

85

114

IJÕ

IJJ

't 65

256
1't 9

126

25

ppb ppb

110.0

96.0

ppb

370.8 130.0 28.9

247.9 100 0 30 6

395.6 10.4

66.9 27.1

149.6 163.9

138.6 1 .1

s64.6 51.6

555.5 47 6

157.0 439.9 198.0 32.4 848.5 17.0

5.36 22200

0.5 2600
1.49 9200

4.12 34300

1.11 2200

5.74 24400 114

0.09 342

1 1800 69.6

10100 1s

10300 23.8

1to
50.1

EA

86.5

12.8
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900

2000

32000 108
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