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ABSTRACT 

The interrlow sediments studied are part or the 

Boston iron range in the Larder Lake Group near· 

Kirkland Lake, Ontario. 

stock, transitional 

Due to the proximity or the Lebel 

contact metamorphism between 

hornblende-horn~els Facies and albite-epidote-hornrels 

racles has been fnrerred ror the study area. A 1 ater 

regional overprint or lower greenschist Facies has also 

been interpreted. 

Base metal mineralization in the area is Zn rich. 

However, it is not genetically related to the BIF. 

Instead, the base metal mineralization may have been 

introduced during the intrusion or the Lebel stock by 

metasomatic processes associated with contact metamorphism. 

Anomalous Au abundances ( > 10 ~pb) in the study 

area is inrerred to be associated with sulphide 

mineralization and possibly active carbon. Sulphide 

samples associated with anomalous Au concentrations usually 

d i sp I ay the annea 1 i ng recrysta 1 1 i zat ion or r i ne grained 

cataclastic pyrite. A statistically positive correlation 

between Zn and Au was also determined. This may imply that 

the Au was introduced synchronous 1 y with or post 

intrusion or the Lebel stock. Anomalous Au values in 
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the chemical sediments were noted to coincide with high As 

and Sb concentrations. 
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INTRODUCTION: 

1.0 LOCATION: 

CHAPTER I 

The samples used as the basis 'for this thesis are 

'from an I1.5 sq. km area immediately west o'f the Adams 

mine. The Adams mine is located approximately I2 km 

southeast o'f Kirkland Lake, Ontario in Boston Township (see 

Figure I.I), approximately II km east o'f Highway II via 

the Adams Mine Road. 

1.1 PREVIOUS GEOLOGICAL WORK: 

Systematic geological work in the Adams mine area 

was initiated by the Dominion Gul'f Company in 1948. This 

included an airborne magnetometer survey, reconnaissance 

mapping, ground magnetometer surveys, sampling, and 

dri l 1 ing. The property was optioned to 

Jones and Laugh! in in 1954 who later developed the Adams 

open pit mine producing 1,000,000 tons o'f iron ore pel lets 

annually. The property was sold to Dominion Foundaries and 

Steel, Limited o'f Hamilton (Oo'fasco) in 197I with Cl i'f'fs o'f 

Canada acting as managers (Dubuc, 1972; Jensen, 1978a). 

Dubuc (1972) later produced a report on the geology o'f the 

Boston iron range delineating the economic banded iron 



FIGURE 1.1· LOCATION AND GENERAL GEOLOGY MAP OF 
THE KIRKLAND LAKE- LARDER LAKE AREA 
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Formation (BIF) and some or the surrounding country rock in 

a 1:36,000 scaled map. In 1983, a MSc. thesis involving 

the detailed study or stratigraphy, petrography and 

geochemistry or an area immediate 1 y west or the South pit 

was initiated by Gordon McRoberts or McMaster University. 

The study included ground both within and beyond the bounds 

oF the mine property. 

1.2 OBJECTIVE OF THESIS: 

This thesis is part or a much larger study whose 

major objective is to evaluate possible genetic 

relationships between BIF and other mineralization (Crocket 

et al., 1983). With this objective in mind. an 

investigation oF the genesis oF BIFs and their 

relationships with the surrounding volcanosedimentary host 

rocks was undertaken. Ultimately. this study may evaluate 

the useFulness or Archean BIF as an exploration guide to 

precious and base metal mineralization and deposition. 

The objective oF this thesis is to classiFy and 

determine possible relationships or precious and base metal 

mineralization within a suite or interrlow sedimentary 

rocks. These sediments are thought to be closely related 

stratigraphically to the South pit economic BIF or the 

Adams mine (McRoberts. 1985). and are a part or 

Gordon McRoberts' MSc. Field study area. 
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1.3 METHODOLOGY: 

The samples ror this study were collected by Gordon 

McRoberts in a detailed sampling and mapping program or an 

area west or the Adams mine South pit during the 1983-84 

rield seasons. The area is bordered by the 

Lebel syenite stock to the north and the Boston rault 

(as named by Lawton, 1957) to the southeast. The 

physiographic and geo 1 og i ca I 1 ocat ion or the samp I es are 

shown in MAP (in sleeve at the back). The samples chosen 

ror analysis were mapped as detrital sediments, siliceous 

chemical sediments (cherts), graphitic chemical sediments 

(graphitic cherts) and sulphide-rich rocks. The samples 

under study are not a 1 1 rrom the same unit and have varying 

statigraphic relationships with respect to the BJF. 

Nineteen po 1 i shed thin and thin sections were 

studied under ref" I ect i ng and transmitted 

microscopy. Major and trace element analyses 

optical 

ror 25 

samp 1 es were obtai ned by X-Ray F 1 uorescence (XRF) and Au, 

As, Wand Sb were determined by Epithermal Instrumental 

Neutron Activation Analysis (EINAA). An acid evolution

gravimetric method and LECO determination was used to 

ana 1 yze the carbonate carbon content, wh i 1 e 1 oss on 

ignition (LOJ) was used to determine the volati Je content. 

These data he 1 ped to c 1 ass i ry the rocks and determine any 
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s~ematic relationships between the major and trace 

elements and precious and base metals. 



CHAPTER 2 

GENERAL GEOLOGY: 

2.0 REGIONAL STRATIGRAPHY OF THE KIRKLAND LAKE -

LARDER LAKE AREA: 

The area under study is southeast of Kirkland Lake 

and part of the Abitibi greenstone belt of the Superior 

province (see Figure 1.1). Two major volcanic cycles and 

a possible older, relict volcanic cycle have been 

identified in the Kirkland Lake area by Jensen (1978a). In 

this paper, Jensen defines a volcanic cycle as having a 

basal komatiitic sequence, a middle tholeiitic sequence and 

an upper calc-alkaline sequence. The volcanic cycles are 

separated by a sedimentary zone containing conglomerate, 

arg i 1 I i te, chert and 8 IF. 

Jensen ( 1978a, 1978b, 1979) has a 1 so described the 

region as a large sync! inorium approximately 80 to 120 km 

wfde that plunges to the east. The youngest volcanic cycle 

is in the north I imb while the two older cycles make up the 

south imb of the sync 1 i nor i urn. Jensen ( 1976) a I so 

mentions that the oldest volcanic cycle in the south 1 imb 

may be a re 1 i ct vo 1 can i c eye 1 e which was truncated by the 

Round Lake Batho I i th further to the south. The 

stratigraphy of the Kirkland Lake- Larder Lake area may be 
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seen in Figure 1. 1. 

Prior to 1978, sediments in the area were defined 

as part or the Timiskaming Group by workers such as Lawton 

(1957), Hewitt(1963) and Ridler (1970). However, the 

eastward extension or Lawton's Timiskaming Group showed 

that some or the sedimentary rocks were interlayered with 

calc-alkalic and komatiitic volcanic rocks. This suggested 

that the sediments were older and equivalent in age to the 

Boston iron range (Jensen, 1977). These interlayered 

sediments and volcanic flows were reclassified as the 

Larder Lake Group by Jensen (1978b). 

2.1 GEOLOGY OF THE BOSTON IRON RANGE: 

2. 1.1 GENERAL STRATIGRAPHY: 

The Boston iron range is round within the 

Larder Lake Group. The Larder Lake Group is the basal 

komat i it i c section or the youngest volcanic eye l e in the 

south 1 imb or Jensen's synclinorium and unconformably 

over l i es the Skead Group which is at the top or the o 1 der 

relict volcanic cycle further to the south (Jensen, 1978b). 

It consists or peridotitic komatiites, basaltic komatiites 

and Mg-rich tholeiitic basalts interlayered with turbiditic 

conglomerate, greywacke, arg i l 1 i te, carbonate and B IF 

(Jensen, 1978b). 

Eight volcanic sequences have been described and 
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mapped to the west or the BIF by McRoberts (1985). The 

oldest volcanic sequence, which overlies the Skead 

pyroclastics, consists or tholeiitic and calc-alkalic 

basalt. The remaining sequences are 

characterized by basal ultramaFic komatiite , 

genera 1 1 y 

rol lowed by 

high and low MgO komatiitic basalts, with a low MgO 

komatiitic andesite or a high Al203- low Mg- komatiitic 

basalt at the top or the sequence. The terminology used 

above to describe the volcanics is From McRoberts (1985). 

It diFfers From conventional terminology previously used to 

describe basic volcanic rocks because or their unusual 

geochemical nature. 

McRoberts (1985) noted the presence of twelve 

interrlow metasedimentary horizons. These metasedimentary 

horizons are stratigraphically above, below and equivalent 

to the economic BIF and are clastic and chemical in origin. 

It is from these metasedimentary horizons that the samples 

For this study have been chosen. 

2.1.2 IRON FORMATION: 

The Boston iron range is an Archean Algoman type 

iron Formation (Gross, 1965). Crocket et al. (1984) have 

proposed that there are three major economic BIF bands. 

Cycle I (the oldest cycle) includes the Peria and South 

pits, cycle II (the intermediate cycle) the Central and 
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North Central pits, and cycle III (the youngest cycle) 

consists or the West and West Central pits. To the west of 

the mine site there are at least two bands or uneconomic 

BIF. They are believed to be stratigraphical Jy equivalent 

to the South pit BIF (Crocket et a I., 1984; McRoberts, 

1 985; B 1 urn, 1 985) . 

2.1.3 INTRUSIVES: 

The Boston iron range and its surrounding 

volcanosedimentary pile have been intruded and deFormed by 

the Lebel syenite stock. The stock covers the southern 

halr of Lebel township to the north and stretches about 2.5 

km into the north part or Boston Township. As noted 

previous 1 y in the methode 1 ogy section, the Lebe 1 syenite 

stock represents the northernmost boundary or McRoberts' 

field area. Samples were taken up to 575 m rrom the 

stock. Therefore, one can not ignore the possible effects 

of contact metamorphism. 

Sf 1 1 s in the area are peridotitic, pyroxenitic, 

gabbroic, and microgabbroic in composition (McRoberts, 

1985). The sills are believed to represent the intrusive 

equivalent or the tholeiitic flows or the surrounding 

country rock (Jensen, 1976). 

Three distinct types or dykes found in the area are 

syenite, lamprophyre and diabase as described by Dubuc 
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(1972). The syenite dykes have a general N-5 and NW-SE 

orientation while the lamprophyre dykes trend NE-SW and 

E -w. The diabase dykes are the youngest or a 1 1 the dykes 

and are generally uncommon {Dubuc. 1972). 

2.1.4 STRUCTURE: 

The Boston iron range mimics the southern out 1 i ne 

or the Lebel stock in an arcuate curve and is cross-cut by 

-Fracture and fault zones radiating out perpendicular from 

the stock {Dubuc. 1972). Lawton (1957) first noted the 

presence or a major sync! ine with an axial strike or N3~E. 

Dubuc (1972) conrirmed the existence or the sync! ine and 

0 0 
noted that it had a southwester 1 y p 1 unge or about 50-60 . 

This sync! ine is also noted -Further to the southwest by 

McRoberts ( 1985) even though a p 1 unge was not determined. 

McRoberts (1985) referred to this syncline as the Lebel 

sync 1 i ne, and this term is adapted here. The strata 

hosting the BIF are part or the south 1 imb or the Lebel 

0 sync! ine and have dips or approximately 80 NW and a strike 
0 0 

between N30E to N45E. 
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CHAPTER 3 

PETROGRAPHY: 

3.0 SAMPLE CLASSIFICATION: 

The samples have been put into one or three 

c 1 asses. These classes are the carbonaceous chemical 

sediments (CCS), the non-carbonaceous chemical sediments 

(NCS) and the clastic sediments (CS). The CCS al 1 contain 

a black, Fine-grained, isotropic mineral which is usually 

smeared out due to poI ish i ng of" the thin section. In the 

Field, these rocks were termed graphitic cherts. Graphite 

has been der i ned by some authors as a mineraI consisting or 

graphitic carbon regardless or its crystal 1 ine perFection 

(Wi !son. 1985). An additional criterion proposed by Wilson 

(1985) is that the graphite must have a 3-dimensional 

structure. This deFinition distinguishes true "graphite" 

f'rom amorphous carbon. The samp 1 es were not ana 1 yzed ror 

crystal structure by dirrraction methods; thereFore, any 

samp 1 es which contained any poss i b 1 e graphite were 

classiFied as a carbonaceous chemical sediment. Only the 

presence or carbon in the thin sections was required ror 

the sample to be placed in this class. 

The chemical sediments are characterized by having 

a Fine-grained si 1 iceous appearance in hand sample and the 
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presence or microcrystal 1 ine and/or recrystal 1 ized quartz 

in thin section. They are thought to be the product or 

chemical precipitation. The abundance or Fine grained and 

recrystal I ized coarser grained quartz is between 20 to 70 

modal percent. The recrystal 1 ized quartz has unstrained 

extinction. polygonal Form and is about 1.5 mm in size. 

The clastic sediments generally have lower quartz 

and higher plagioclase Feldspar modal abundances than the 

chemical sediments. They are believed to be clastic in 

origin due to the presence or coarse grained quartz and 

Feldspar clasts enclosed in a Fine grained si 1 icious 

matrix. These sediments are part or turbiditic sequences 

in the area. The chemica 1 sediments are probab 1 y part or 

the E Bouma series units and the clastic sediments part or 

the A Bouma units. 

3.1 METAMORPHISM: 

3.1.1 METAMORPHIC GRADE: 

Rocks in two metamorphic grades have been 

identiFied For the area; one oF regional and the other or 

contact origin. Some rocks exhibit a metamorphic grade 

which appears to be transitional between upper epidote

amphibolite Facies and lower amphibolite Facies. The 

minerals present which indicate a low amphibolite grade 

Facies are plagioclase Feldspar (An>25), hornblende, 

--,_1 2 



garnet, diopside (see Plates 3.1 and 3.2) and cordierite. 

However, both albite (An>5) and oligoclase (An>20) exist in 

the same thin section. The presence or albite implies that 

there has not been a ru l l development or the amph i bo I i te 

"facies (Turner, 1981). Further evidence that the grade 

bridges the greenschist-amphibolite Facies transition, 

besides the presence or hornblende (see Plate 3.3) and 

garnet (see Plates 3.4 and 3.5), is the continuing presence 

of" chlorite and epidote. 

The ACF diagram For the regional metamorphism may 

be round in Figure 3.1. Sti lpnomelane occurs as brownish

red Felted masses in individual rectangular blades or 

approximately 0.1 mm in length. It has been observed in 

the matrix oF samp 1 es in a 1 I three c I asses, hydrotherma I 

quartz veins, and intergrown with pyrite (see Plate 3.6). 

The intergrowth or the pyrite and sti lpnomelane imp! ies 

that the minerals were Formed synchronously. As indicated 

by Table 3.1, stilpnomelane is round to occur predominantly 

in the non-carbonaceous sampl ies regardless or distance to 

the Lebel stock. Also, according to Turner (1981), 

sti Jpnomelane is never "formed by contact metamorphism. 

ThereFore, the stilpnomelane and the associated pyrite was 

"formed aFter the intrusion oF the Lebel stock by a regional 

metamorphic overprint represented by a lower greenschist 

Facies (chlorite zone) assemblage. 
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A 
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B 

c 

TABLE3,1: POLISHED THIN AND THIN SECTION TRANSMITTED LIGHT MINERALOGY 

MINERALOGY (MODAL %) 

SAMPLE c. QUARTZ ? GAR. CORD. HBL. DIOP. EPID. CHL. STILP . TREM.- PLAG. MUSC. SER. CT. ZIR. 
CARBON MATRIX VEIN GROUP GROUP ACTIN. 

M-320 35 40 5 9 4 
M-279 35 25 10 7 4 9 
M-647 4 74 7 6 3 
M-065 65 25 3 2 3 2 
M-781 20 65 10 2 
M-7558 5 77 7 3 3 tr tr 
M-146 15 40 12 5 23 
M-408 20 32 3 2 10 

--------------------------------------------------------------------------------------------------------------------
M-784 
M-419 
M-415 
M-774A 
M-7748 
M-775A 
M-771 
M-783 
M-089 

M-211 
M-592 

39 
20 
45 
66 
70 
32 
78 
60 
68 

30 
10 

10 
2 

5 

10 
3 

2 
2 

2 

10 

12 

5 

4 15 
11 

8 

8 

2 

7 

3 
12 
10 

8 

3 

7 
3 

12 
12 

5 

8 
6 
3 

tr 
13 

42 
10 

4 

3 

2 
5 

10 
17 

2 

3 

30 
12 

2(?) tr 
2 

5 tr 
==================================================================================================================== 

EXPLANATION 
A -Carbonaceous Chemical Sediment; B- Non-Carbonaceous Chemical Sediment; C -Clastic sediment; tr - trace; 

indicates feature not present in samp I e. Mi neraI abbreviations as fo I I ows: C. - Carbonaceous; GAR. -
Garnet; CORD.- Cordierite; HBL.- Hornblende; DIOP.- Diopside; EPID.- Epidote; CHL.- Ch lorite; STILP.
Sti lpnomelane; TREM.-ACTIN.- Tremol ite-Actinol ite; PLAG.- Plagioclase; MUSC.- Muscovite; SER.- Sericite; CT.
Calcite ; ZIR.- Zircon 



PLATE 3.1: Diopside (A) with diallage enclosed in pyrite 
and quartz exhibiting strained extinction. 
From M-784 under polarized transmitted light 
(63x). 
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PLATE 3. 2: Ofopside exhibiting 45° extinction. 
polarized transmitted light (63x). 
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PLATE 3.3: Hornblende· section para! lei to (010). 
From M-783 under polarized transmitted I ight 
(250x). 
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Cdcite 

A 

Spessart ine 
__.:.><::/"-Cti ori t e 

Stilpnomelane 

Actinolite 

after Turner, 1981 ( pg 343 J 

Figure 3.1: ACF diagram showing the lower greenschist 
(chlorite zone) equilibrium assemblage for 
the regional metamorphism. 
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3.1.2 CONTACT METAMORPHISM AND METASOMATISM: 

The intrusion or the Lebel stock is responsible For 

contact metamorphism and probably metasomatism in the area. 

Evidence For contact metamorphism is imp 1 i ed by the 

m i nera 1 ogy or the rocks in the vicinity or the Lebe I stock. 

Generally, there is an increase in metamorphic grade as the 

distance to the Lebe 1 stock decreases. The principle 

minerals which indicate metamorphic grade are garnet and 

di ops ide. Both the geographic position and the abundances 

oF garnet and diopside in the samples are diagnostic or 

grade. 

More than one type or garnet is present. Some 

exhibit weak anisotropism and zoning while others are 

isotropic (see Plate 3.4). The anisotropic zoned garnets 

probably belong to the ugrandite series while the isotropic 

garnets are part of' the pyra 1 spite series. The ugrand i te 

garnets present are possibly andradite as suggested by the 

high CaO and I ow A I 203 contents f'or M-784 and M-41 9 

relative to Cameron and Garrels' (1980) values f'ound in 

Tab I e 4. I. In a study or the contact qureo 1 e surrounding 

the Otto stock, Jolly (1978) has noted the presence oF 

andradite. Andradite typ i ca 1 1 y occurs in contact or 

thermally metamorphosed impure calcareous sediments and in 

metasomatic skarn deposits where Fe203 and Si02 have been 

added to the system (Deer, Howie, and Zussman, 1980). 
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The pyralspite series or garnets may be represented 

by spessartine and almandine. Spessartine is characterized 

by high MnO (as in M-784 and M-419) which may be due to 

metasomatism associated with adjacent igneous intrusions or 

with a more wide spread reg i ona I metasomatism. It is a I so 

known From veins in greywackes and in signiFicant amounts 

with almandine From igneous and metamorphic rocks 

associated with thermal aureoles (Deer, Howie and Zussman, 

1 98 0). ThereFore, the presence or andradite and 

spessartine reinForces the possibi I ity oF contact 

metamorphism. IF contact metamorphism is the case For the 

study area, the inFerred metamorphic Facies wou I d be 

transitional between hornblende-hornFels Facies and albite

epidote-hornFels racies. This metamorphic grade would then 

have been rol lowed by regional metamorphism or lower 

greenschist Facies. 

Metasomatism oF the area is represented by 

sil icirication, the sericitization or plagioclase Feldspar 

(see Plate 3.7), and the introduction or various cations 

and anions (Moorehouse, 1959) such as S , Fe, Zn and Mn; 

probably represented in the minerals pyrite, sphalerite and 

garnet respectively. Metasomatic quartz is considered to be 

the same as hydrothermal quartz and 

(Moorehouse, 1959) with undu I ose 

is coarse grained 

extinction. The 

hydrothermal quartz veinlets Found in the sections are 0.5 

20 



PLATE 3.4: Zoned garnet exh1b1t1ng an1sotropfsm {A) and 
isotropism (B). From M-784 under 
polarized transmitted 1 ight (63x). 
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PLATE 3.5: Garnet showing euhedral and anhedral Form. 
From M-784 under transmitted plane light (63x). 
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PLATE 3.6: Felted masses (A) and rectangular 
st i l pnome lane i ntergrown with 
St i l pnome lane a l so shows para l l e l to 
extinction (0). From M-419 under 
transmitted partially polarized light 

23 

blades (8) of 
pyrite (C). 
sub-para l l e l 

( 63x) . 



PLATE 3.7: Sericitized plagioclase (A) showing albite 
twinning. Also , note the highly birerringent 
epidote. From M-211 under transmitted 
polarized light (25x). 
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to 1.0 mm in width and typically make up only 2 to 10 

percent or a s 1 ide. They are randomly oriented in the 

sections where present. The cross-cutting nature or these 

veinlets suggest that they either post-date or are 

synchronous with the metamorphism. 

Mineral changes associated with the introduction or 

sulphur have brought the Formation or hydrothermal 

sulphides such as pyr i te9 pyrrhot i te9 and spha 1 er i te. 

Also9 Jolly (1978) has attributed the Formation or 

cl inozoisite9 hematite9 and andradite9 in a contact aureole 

surrounding the Otto stock9 to a high r02 resu 1 t i ng From 

the introduction or hydrothermal Fluids during the 

intrusion or a volatile rich alkaline stock. Another 

source For solutions producing metasomatism is connate 

water trapped in the sediments and surrounding volcanics 

(Moorehouse, 1959). 

3.1.3 DYNAMIC METAMORPHISM: 

The metamorphic textures i 1 lustrating mechanical 

deFormation or the area are the strain extinctions or 

quartz9 schistosity due to the rol iation or sti lpnomelane9 

muscovite, and sericite and the single occurrence or an 

augen texture around a grain or polycrystal 1 ine quartz in 

M-146. Since sti lpnomelane helps deFine the rol iation9 one 

may i nrer that part or the dynamic metamorphism is due to 



regional deFormation. Another source oF deFormation would 

be the intrusion or the Lebe 1 stock. Dynamic metamorphic 

textures observed in the sulphides wi 1 1 be discussed in the 

reFlected 1 ight petrography section. 

3.2 REFLECTED LIGHT PETROGRAPHY: 

The metal 1 ic minerals present in polished thin 

sections are pyrite, pyrrhotite, pentlandite, sphalerite, 

chalcopyrite, magnetite and chromite. The estimated modal 

percentages oF the various minerals may be round in Table 

3.2. In general, the sulphide minerals occur as 

disseminated grains throughout a section, as Fracture 

control led grains and in concentrated recrystal 1 ized zones. 

Due to structural deFormation and the proximity or 

the study area to the Lebel stock, textures are expected to 

reFlect both regional and contact metamorphism. 

Catac 1 ast i c derormat ion and recrysta 1 1 i zat f on can be 

expected to result From deFormation whereas contact 

metamorphism shou I d promote recrysta I 1 f zat ion and 

remobi I ization oF existing sulphides and the development oF 

new sulphide phases (Spry, 1976; Stanton, 1972). 

The textura I evidence For metamorphism inc I udes 

cataclastic pyrite (see Plate 3.8), annea I i ng 

recrystallization oF Fine grained cataclastic pyrite (see 

Plate 3.9), epitaxial growth or secondary pyrite on primary 
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pyrite (see Plates 3.10 and 3.11), atoll structures in 

pyrite, subgraining of' pyrrhotite and very minor 

remobi I ization or chalcopyrite. AI I samples with> 5 modal 

percent sulphide, regardless of' petrographic class (ie. 

ccs. NCS and CS), exhibit deFormation textures. 

M echan i ca I derormat ion may be direct I y I inked to the 

intrusion of the Lebel stock since the local stratigraphy 

of' the Boston iron range is an arcuate curve which mimics 

the out! ine or the stock. 

The polymetamorphism or the pyrite indicates a 

comp I ex hi story or derormat ion in the area. The 

i nt ergrowt h of' s ubhedra I and euhedra I pyrite with 

metamorphic silicate minerals, such as stilpnomelane (see 

Plate 3.6), shows that some or the pyrite was Formed 

synchronously with the metamorphic si I icates (Py III). The 

anhedral pyrite with silicate+ chalcopyrite+ pyrrhotite 

inclusions and atol I textures are indicative of a selective 

secondary rep I acement process (Spry, 1976) where s i l i cate 

is replacing pyrite (Py I). The minor chalcopyrite 

inclusions are problably due to the growth of pyrite around 

such inclusions whereas the pyrrhotite inclusions may be an 

alteration product due to sulfur loss (Crocket, personal 

communication). The cataclastic pyrite round in slides M-

415 and M-7558 best exempliFy the polymetamorphism of the 

sulphide minerals fn the area as they ref'lect both 
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TABLE~: POLISHED THIN SECTION REFLECTED LIGHT MINERALOGY AND TEXTURES 

Samples 

M-320* 
M-279 
M-065 
M-781 
M-7558* 
M-408 

M-784 
M-419 
M-415 
M-774 A 

8 
M-775A* 
M-783 
M-89 

M-211* 
M-592 

Mineralogy (Modal %) 

Py Po Pn Sph Cpy Mt Cr 

tr 1.5 
3.5 3.5 

2 
10 
2 4 

14 2 
3 5 
8 

10 
13 
20 2 
4 3 

10 tr 
40 1 

1.5 2 
tr 3 tr 

tr 
1 

tr 2 
5 2 

4 
tr 

2 

tr tr 

2 
2 3 

EXPLANATION 

Cataclastic 
Defm. 

+ 

+ 

+ 

+ 

+ 

Recrystal-
1 i zati on 

+ 

+ 

+ 

Over 
growths 

+ 

+ 

+ 

+ 

Textures 
Po Sub
grains 

+ 

Atoll 
structures 

+ 

+ 

+ 

+ 

+ 

Remobi 1-

ization 
Corona

Colloform 

+ 

+ 

+ 

+ 

+ 

*Au values >10 ppb; A - Carbonaceous Chemical Sediment; 8- Non-Carbonaceous Chemical Sediment; C- Clastic sediment; 
tr - trace; + indicates feature present in sample; -- indicates feature not present in sample. 

Mineral abbreviations as follows: Py -pyrite; Po -pyrrhotite; Sph -sphalerite; Cpy- chalcopyrite; Mt- magnetite; 
Cr - chromite 



PLATE 3.8: Cataclastic derormation or pyrite. 
under rerlected light (20x). 

29 

From M-415 



PLATE 3. 9: Annea 1 i ng recrysta 1 1 i zat ion of fine grained 
pyrite (A). From M-7558 under reflected 

1 i ght ( 2 Ox) • 
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PLATE 3.10: Epitaxial growth or Fine grained pyrite From 
cataclastic deFormation Fusing onto larger 
subhedral pyrite grains . From M-7558 under 
reFlected light (179x). 
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PLATE 3.11: Pyrite overgrowths (E) on subhedral pyrite 
(F). From M-408 under rerl ected 1 ight 
(64x). 
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annealing and subsequent recrystal 1 ization as seen in Plate 

3.9. The presence or pyrite overgrowths may represent a 

second generation or pyrite (Py I I) or possibly epitaxial 

growth or Fine grained pyrite produced From cataclastic 

deFormation onto the surFace or subhedral to euhedral 

pyrite (Py I). Since this texture is only Found in M-408, 

a deFinitive explantion For the pyrite overgrowths cannot 

be substantiated. 

As previously mentioned, randomly oriented 

hydrotherma 1 quartz vein 1 ets are syn- or post-

metamorphism. A second generation (mi nera 1 i zat ion I I) or 

Fracture centro 1 1 ed su 1 phi de m i nera 1 i zat ion has been 

observed in these veinlets (see Plates 3.13 and 3.14). 

A peculiar texture shown in Figures 3.12, 3.13 and 

3. I 4 occurs i n rna n y or the s 1 i des. This texture is 

characterized by a colloidal and a poorly reFlecting, Fine 

grained core with a "corona" or sulphide around it. Arter 

Fine polishing with 0.3 micron polishing powder, the 

colloidal out! ines and core were discovered to be partly 

tarnished. But, the co 1 1 o i d type out 1 i nes and the cores 

were st i 1 I detectab 1 e aFter re-po 1 ish i ng. The su 1 phi de 

"coronas" have a pa I er or deeper ye I 1 ow co 1 our and a I so a 

lower rei ier than pyrite as shown in Plate 3.12. Also, the 

cores are usual Jy slightly anisotropic while the coronas 

are isotropic. This, however, is not always the case as 
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the cores may also be isotropic (see Plate 3.14). Samples 

displaying this texture have relatively high Ni contents 

compared to the rest or the suite. The author proposes that 

the isotropic "coronas" and colloidal sulphides grains may 

be a secondary oxidizing Ni-rich mineral mineral or the 

development or a Ni-rich phase rrom pyrrhotite due to 

contact metamorphic errects. Further testing, such as 

microprobe ana 1 ys is. is required berore a certain m i nera 1 

i dent i r i cation can be made. It should be noted, however, 

that this texture occurs both within rracture r i I led 

hydrothermal veins and throughout the host rock. 

Thererore, one may inrer that the rormation or the rracture 

control led sulphides was possibly arrected in part by 

contact metamorphism and was syn- or post-intrusion or the 

Lebe 1 stock. 

The remobi 1 izatfon or chalcopyrite is only round in 

M-41 9. The 1 ack or remob i 1 i zat ion is a rer 1 ect ion or the 

minor amounts or cha 1 copyr i te present. Based on the 

previous discussion, the paragenetfc sequence ror the 

rerlecting mineralogy is suggested in Figure 3.2. 
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PLATE 3.12: Ni-rich corona-col loForm textured assemblage 
(I) associated with hematite (J) and pyrite 
(K). Note the 1 ower re 1 i eF and pa 1 er ye 1 1 ow 
co 1 our oF the N i -rich su 1 phi de compared to 
the pyrite. From M-419 under reFlected 
1 i ght ( 64x) . 
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PLATE 3.13: Fracture contro 1 1 ed spha 1 er ite (C) and 
pyrrhotite core (0) with possible Ni-rich 
corona (E). From M-320 under reFlected 
( 64x) • 
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PLATE 3.14: Same Frame as PLATE 3.13 except under 
reFlected polarized 1 ight. The tarnished 
or reaction zone oF the Fine grained core 
i~he bright yellow rimming the black core 
(64x). 

37 



FIGURE 3.2: Paragenesis based on ref 1 ected 1 i ght 
mineralogy. 

Legend: 

I I 

I I I 

Py 

Po 

Cpy 

Mt 

Cr 

First generation of 
m i nera 1 i zat ion. 

Second generation of 
mineralization. 

Third generation of 
m i nera 1 i zat ion. 

pyrite. 

pyrrhotite. 

chalcopyrite. 

magnetite. 

chromite. 

Sph sphalerite. 



Py.I I Fb, Cpy I Ht,Cr 

corloct metamorphism 
& metasomctism 

a l cataclast ic Py I 
b) atoll shctures in Pyi 
cl reroobmion ot CPf 
d) epitaxial growth of f.g. py 
e) fructure controlloo PyJ[:t Poli±SP'J I 

l'e'J ional metamorphism 

a l Py ][ (intergl'tM'nwith sti!p1anelane l 

Tirre 

- 38 



CHAPTER 4 

GEOCHEMISTRY: 

4.0 GEOCHEMICAL ANALYSIS: 

The samples were analyzed by XRF For the major 

elements and sulphur. C02 abundances were determined by 

LECO and an acid evolution-gravimetric method while LOI was 

determined by outgassing the sample in air at approximately 

1000° C. The results are displayed in Table 4.1. XRF was 

also used to determine the abundances or Cu, Pb, Zn, Ni, 

Co, Cr, and V, and Epitherma 1 Instrumenta 1 Neutron 

Activation Analysis (EINAA) was used to determine the 

abundances or Au, As, W and Sb. These va 1 ues are shown in 

Tab I e 4.2. ReFer to Appendix A For a detailed description 

oF the experimental procedures and calculations. 

4.1 GENERAL TRENDS: 

The values in Tables 4.1 and 4.2 are compared to 

values From Bowins (unpublished data), Cameron and Garrels 

(1980) and Goodwin (1977). Bowins' values are For cherty, 

carbonaceous sediments taken From the Peria pit or the 

Adams Mine. The Peria pit is believed to be an eastward 

extension oF the South pit economic 8 IF. These data were 

used to compare carbonaceous sediments From the economic 



TABLE 4.1: Major element geochemical analysis. 
(by XRF) 

Legend: BOWINS- unpublished data From R. Bowins on 
carbonaceous cherts/shale From the 
Adams mine Peria pit. 

CAM+GARR- data From Cameron and Garrels 
(1979). 

MAT/LLK+K Matachewan and Larder Lake and 
Kenojevis Riveraverage values 
For 67 samples. 

WGHDAVE Weighed average or 406 Archean 
shale samples. 

GOODWIN- data From Goodwin (1990). 

* 

Weighed average oF extrusive 
volcanics in the Superior province. 

value determined experimentally 
by LECO. 



SAmE Si02(1J AI203(1J feZ03(1J Hg0(1J Ca0(1J Na20(1J K20(1J T i 02 ( 1J HnO!U P20511J LOII:J SUI! S(U C02(1J Ha20/KZO 
H-320 65.52 7. 70 2. 94 0. 64 I.ZJ 0.30 6. 98 0.27 0. 05 0.07 14.30 I 00.00 10.06 0.15 0. 04 
H-Z79 74.35 9.28 4.26 0.26 6.64 I. 01 0.37 0.15 0. 05 0. 01 ).60 100.00 3.63 0.08 2. 73 
H47 71.70 II. 71 I. 96 0.24 1.31 2. 08 3. 92 0.17 0. oz 0.03 0.80 100.00 O.Z8 '0. 76 0.53 

A H-06s 77.54 6. 09 0. 52 0.09 0.27 o. 79 1.86 0.29 0. 0 I 0. 02 12.50 100.00 I. 94 0.16 0.42 
H-781 91.24 3.05 0.89 0.02 0.53 I. 08 0.54 0.12 0. 00 0.02 2. 50 I 00.00 0.86 '8. 97 z. 00 
H-7558 69.68 5.33 II. 72 0. 04 0.36 1.22 1.00 0.09 0. DO 0. 04 10.50 100.00 0. 33 0.11 I.ZZ 
H-146 12.89 13.63 3 .II 1.10 I. 97 3. 93 I. 79 0.25 0. 04 0. 08 1.20 I 00.00 3. 26 0.00 2.20 
HOB 66.88 15.40 5.60 1.38 1.81 3.84 2.51 0.26 o. 05 0. 04 2.20 100.00 5.05 0.12 1.53 

H-184 13.12 2.05 IZ .66 0.14 5.89 0.35 0.24 0.01 0.26 0.01 5.20 100.00 12.01 0.42 1.46 
H19 39.43 5.67 32.66 4. zo 1.65 0. 96 0. 90 D.35 0.36 0. oz 7.60 100.00 19.77 0.11 1.07 

HIS 77.92 2.55 12.67 0.18 3.02 0.23 0. 06 0.11 0.11 0.03 3.10 100.00 5.90 0.12 3.83 
H-714 58.69 5. 99 20.58 2.34 0.20 0.18 0.44 o. 20 0.14 0.13 II. I 0 I 00.00 13.20 0.14 0. 41 

H-715A 54.08 7.49 16.74 0. 54 0.31 1.32 1.53 0.15 0. 00 0.03 17.80 100.00 21.75 0.12 0.86 

B H7o 76.25 13.11 0. 96 0.19 0.47 1.12 5.81 0.13 0. 00 0. 05 I. 90 I 00.00 0.33 '3.16 0.19 

H-111 73.02 15.52 2.33 0.56 1.13 1.35 4.54 0.20 0. oz 0.03 I. 30 100.00 0.08 '0. 45 0.30 

H-772 71.38 15.53 1.09 0.50 4.29 3.25 2.68 0.25 0. 06 0.17 0.80 100.00 0. 51 '0.14 1.21 

H-773 75.68 13.39 2.21 0.52 0.68 5.35 1.21 0.26 0.02 0.08 0.60 100.00 0.31 '0. 01 4.42 

ft-780 83.85 B. 97 1.19 0. 06 1.64 2.83 o. 75 0.23 0. 03 0.05 0.40 100.00 0.10 '0.19 3. 77 

ft-783 56.23 16.38 9.34 3.42 5. 48 4.69 1.38 0. 74 0. 26 0.18 I. 90 I 00.00 4.14 0.19 3.40 

H-130 70.28 14.71 4.87 0.83 1.63 3.07 2.50 0.44 0.07 0.13 1.40 I 00.00 0.81 '0.17 1.23 

-I"- ft-089 13.22 9.60 5. 99 0.17 3.80 3.01 2.36 0.27 0.12 0. 07 1.40 I 00.00 I. 81 o. 71 1.28 
0 

ft-319 62.87 I 0.44 11.31 1.85 5. 96 3.57 0.55 0.33 0.13 0.20 2.80 I 00.00 8.13 0.18 6.49 

c ft-143 72.56 14.53 2.10 0.25 4. 76 2. 76 1.81 0.28 o. 07 0.06 0.80 100.00 o. 76 '1.00 1.52 

ft-2 II 48.69 13.24 12.48 2. 57 I. 68 us 1.52 0. 30 0. 06 0.11 14.80 I 00.00 13.48 0.10 2.99 
ft-592 45.81 9.56 22.00 1.11 1.68 z. 45 I. 33 0.24 0.06 0.06 15.10 I 00.00 23.24 0. 08 1.84 

DUPLICATE 
ft-211 48.91 13.15 12.30 z .68 I. 74 4.35 1.61 0. 32 0. 06 0. 07 14.80 100.00 13.53 0. 08 z. 70 

ft-781 92.04 2.65 0. 53 0.05 0. 40 1.13 0.56 0.12 0. 00 0.02 2. 50 I CO. 00 I. 03 '8.82 2. 02 

H-784 74.30 I. 93 II. 50 0.10 6. 02 0.34 0.24 0. 08 0.25 o. 02 5.20 100.00 9. 75 0.26 1.42 

ft-130 
ft-419 
ft-592 

BOW INS 
PIICI 54.05 12.48 19.99 4.30 o. 71 o. 00 6. 00 0. 53 0.13 0.10 98.29 
Pl2 39.30 3. 97 38.05 7.97 7.29 0.33 1.89 0.18 0. 79 o. 25 99.99 
KLGS 58.13 5.22 17.72 o. 64 6.17 0. 00 I .48 0.18 o.aa o. 09 89.71 
Pl3C 

mtGARR 
ftAT/LWK 57.50 18.40 8.10 3. SJ I. 39 2. 50 3. 20 0.83 0. 09 0.19 4.40 0.14 0. 90 

WGHOAVE 58.00 16.90 7.60 3.33 2.07 z. 50 2. 73 o. 73 0.09 0.16 4. 50 o. 66 1.10 

GOODWIN 
BASALT 49.10 14.60 11.20 6.20 8. 90 2.62 0. 51 1.15 O. Z I 0.14 3.30 1.17 

ANDESITE 5S.IO 15.90 1. 90 4.30 5. 90 3.85 1.14 0. 96 0.17 0.20 
OAC ITE 66.90 15.40 4.40 I. 90 2. 70 4.20 1.30 o. 50 0.10 0.10 
RHYDLI T£ 74.20 13.30 8.10 0.80 0.80 3. 70 z .10 0.30 0.10 0.10 



TABLE 4.2: Trace Element Geochemical Analysis 
(by EINAA and XRF) 

LEGEND: same as Table 4. I 



SAmE Au (ppb) As(ppm) W(ppm) Sb(ppm) Cu(ppm) Pb(ppm) Zn(ppm) N i (ppm) Co(ppm) Cr(ppm) V(ppm) 
H20 12.52 693.12 2.20 5.31 290.00 15.00 2934.00 137.00 163.00 7 I. 00 41.00 
H79 5.07 0. 79 0.24 0. 35 66.00 18.00 1684.00 134.00 46. DO 420.00 31.00 
K-647 4.34 1.7Z 0.47 0.14 I I. DO 14.00 46.00 7.00 2. 00 283.00 8.00 

:A K-065 0.39 23.38 0.47 0.35 4.00 15.00 19.00 13.00 9.0D I OO.OD 36. oo 
HBI 3.37 6.32 0.54 0.16 53.00 15.00 944.0D 27.00 42. DD 2D. 00 z. 00 
H-7558 36. D4 85.35 0.39 6.33 7.00 IZ.OD 95.00 17.00 21.0D 318. DO 4. DO 
H46 0.34 0. 70 0. DO 0. D7 52.00 24.00 342.00 78.00 39.00 387.DO 60.00 
HOB 2.36 12.43 1.20 0.34 42.00 13.00 242.DO 44.00 20.00 321.00 62.00 

H-784 1.15 8. 93 1.26 0.18 38.00 8.00 25 I. 00 130.00 21.00 3 I. OD 16. oo 
HJ9 4.22 2.28 D .88 0.01 231.00 11.00 176.00 1235.00 72. DO 1744.00 94.00 
HIS 7.18 0. 77 1.71 0.08 suo I 0.00 118.00 47.00 17. OD 392.00 12.00 
K-714 9.49 9. 74 0. 78 0. 63 28.00 12.00 156.00 149. DO llb.OO 52.00 57.00 
H75A 30.68 147.27 1.17 7. 03 I O. 00 I 1.00 127. DO 96.00 25.00 26.00 17.00 

B H-770 2.87 3.67 0.22 0.17 9. 00 3 I. 00 52.00 7. 00 4. 00 25 I. 00 I 0.00 
H-771 3. 62 D.83 0. 77 0 .II 34.00 zo. 00 109.00 I 0.00 6. 00 259.00 19.00 
H-772 0.34 1.4D D. 51 D. D7 I!.OD 17 .DO 20. DO 7.00 3. DO ! 93.00 36.00 
H73 1.69 D.86 D.l6 D. DD 43.00 13.00 116.00 I 1.00 B. DO 255.00 45.00 
HBD I. D6 693.12 0 .I D D. DB II. DO 13 .OD 48. DD 13. DD 6. 00 I 0 I. 00 58.00 
K-783 5.14 2.69 I. 71 0. DB 33.00 13.00 141.00 64.0D 19. DO 105.00 119.00 
H30 3.32 14.66 0. 71 0. 24 34. OD 36.DD 125.0D 24. DD 15. DD 301.00 59.00 
K-089 2. 54 3. 07 3. 98 1.34 112.00 47 .oo 168.00 30.00 27.00 242.00 70. CD 

Hl9 4.38 D.B9 0. 90 D.OO 223.00 13.00 231.00 147.00 72. OD 44.00 56.00 

c H43 3.62 6.75 0.31 0. 06 26. DO 12.00 69.00 18.00 12. DD 6J.OD 63.0D 
HII !0.09 35.71 1.97 0.25 56.0D 14.00 12.00 BUD 53.0D 46. DD 53.00 
K-592 5.59 12.80 0. 00 D.42 288.0D 12.00 181.00 198.00 49.00 78.00 41. DO 

OUPLI CATE 
HII 66.00 IZ.OD 73. OD 82.00 48.00 48.00 47.00 
H81 55.00 12.00 890.00 20.00 29.00 55.00 4. OD 
H84 40. DO 8. 00 67.00 83.00 !3. 00 54.00 13.00 
H-1 30 3.26 I 0.19 0.03 0. 27 
Hl9 U4 2. 65 I. 05 0.10 
M-592 7.65 14.76 I. 05 0. 27 

SOW INS 
PI! Cl 48.00 7. 00 123. DO 82.00 !0. DD 185.DD 77.00 
PIZ !6. 95 1.8D 73.42 0.17 480.00 3 .OD 357.0D 155.00 52.00 IS.OD 39.00 
KLGS 489.DD 188.25 2.21 4.15 92 .OD IS.OD m.DO I I 4. DD 35.00 127 .OD 39. OD 
P!JC 16.95 1.80 73.42 0.17 

CAHGARR 
MT /LLK+K 61.0D D. 7D 52.00 !6.DO I I 4. OD 14D. OD 35.00 168.00 150. OD 
WGHOAVE 46.00 1.20 66.00 26.00 323.00 IZ7. 00 35.00 133.00 130.00 

GOO OW IN 
BASALT 106.00 3. 90 81.00 170.00 36.00 245.00 372.00 
ANDES lTE 64.00 8.10 17.00 55.00 29.00 I 05.00 231.00 
OAC ITE 32.00 6. 70 71.00 2!.00 II. 00 22.00 83.00 
RHYOLITE 33.00 7.20 44.00 14.00 11.00 49.00 
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B IF and those ana I yzed "from the study area. Genera 1 1 y. 

the economic BIF carbonaceous sediments have higher Au, w. 

and Cu values but lower Pb and Cr values. Also. the 

economic BIF samples have higher Fe203 abundances compared 

to the thesis area samples. The higher Fe203 content in 

Bowins' samples may be attributed to the greater percentage 

of" Fe-sulphides (pyrite + pyrrhotite + arsenopyrite) 

present (up to approximately 35% sulphide in the KLGS hand 

sample) or else leaching "from the BIF. Also. Bowins' 

samples generally have a lower Na20/K20 ratio than the 

carbonaceous thesis samples. This may be attributed to the 

occurrence oF albite in the study samples. 

Two sets or geochemical data have been 1 isted rrom 

Cameron and Garre 1 s ( 19 SD) in Tab 1 es 4.1 and 4.2. The 

First set oF data represents an average oF 67 shale samples 

From the Matachewan and Larder Lake and Kenojevis River 

region. The second set oF data is a compositional weighted 

average oF 406 samples From Archean shales in the Superior 

province. The main purpose oF these two sets oF data is to 

provide a general compositional average with which to 

compare the study samples. 

M-419 is diFFerent From other samples due to the 

relatively low Si02 content and high Ni, Cr, Fe and MgO 

contents. The MgO content of" M-419, however, is too low to 

be considered a komatiite or basaltic komatiite as these 
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types or rocks have 18% and 10% MgO respectively (Vi ljoen 

and Vi ljoen, 1969). Also, the Si02 content or M-419 is too 

low to be considered a basalt (see Goodwin values in Tables 

4.1 and 4.2). Thererore, this rock may possibly be an Fe

r i ch component or the s i l i cate rae i es 8 IF ( Fyon, personal 

communication). The high Ni abundance may be due to the 

assumed N i -rich corona-col l ororm textured assemblage 

discussed in Chapter 3 or the metamorphic d i rrus ion or N i 

rrom surrounding ultramaric rocks into the sulphide- rich 

metasediments (Groves et a l ., I 980). 

4.2 BASE METAL ANALYSIS: 

From the Ni-Cu-Zn ternary diagram in Figure 4.1, 

the samples tend to be enriched in Zn and genera I 1 y 

depleted in Cu and Ni. Data points ror this plot were 

calculated in weight percent and then normalized to 100%. 

The carbonaceous samples show the strongest enrichment in 

Zn while M-419 lies in the Ni-rich 'field. M-320, M-279 

and M-781 are signiricantly enriched with Zn compared to 

the averages f'rom Cameron and Garrels (1980). Sphalerite 

occurs main I y as a rracture centro l 1 ed m i nera 1 (Tab l e 3.2; 

also see Plates 3.13 and 3.14) and is probably due to 

mob i 1 i zat ion or Zn and S during metasomatism. 

Ni content samples round within the suite (ie. 

The higher 

> 130 ppm) 

are usually associated with high Co contents (as in Figure 
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4.2) and the occurrence or the corona-co I I o ida I textured 

mineral assemblage. But, this is not always the case as in 

M-783 and M-592, where, as stated ear I i er, the reI at i ve I y 

high N i contents may be due to the deve I opment or a N i -rich 

phase 'from pyrrhotite due to contact metamorphic effects. 

Ni may also be associated with spheroidal and col Jororm 

pyrite and pyrrhotite in carbonaceous sediments or the 

Abitibi greenstone belt (Coad, 1979; Muir and Comba, 1979). 

4.3 PRECIOUS METAL ANALYSIS: 

Background values ror Au in the continental crust 

is 4 ppb (Tay I or, 1 964). ThereFore, samp I es with Au 

abundances > 10 ppb have been designated as samples having 

anoma I ous Au concentrations. This statement is made as a 

relative comparison with respect to background values. 

Samp I es with high Au contents occur in a I I three c I asses 

deFined earlier (ie. CCS, NCS and CS). 

Binary plots or major and trace elements against Au 

were perFormed to assist in deFining possible trends. The 

I ines 'for these plots were derived by I inear regression and 

tested statistical Jy at the 95% signiFicance level. The 

solid I ine plots indicate that there is a signiFicant 

correlation between Au and that particular element at the 

951. conFidence level. The dashed 1 ine plots indicate that 

there is no signiFicant correlation at the 95% con-fidence 

44 



FIGURE 4.1: Nf-Cu-Zn Ternary Plot. 

Legend: X Carbonaceous chemical sediments. 

Non-carbonaceous chemical 
sediments. 

Clastic sediments. 
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level. A sample calculation may be found in Appendix B. 

4.3.1 MAJOR ELEMENT TRENDS WITH Au: 

Au abundances above 10 ppb in the suite are 

characterized by low Al203 (see Figure 4.3) and MgO 

(see Figure 4.4) and high Fe203 and S contents (see Figure 

4.5 and 4.6 respectively). The low Al203 association to Au 

implies the absence. or low modal percentages. of micas. 

hornblende and/or feldspar. 

The association of high Au with high Fe203 and low 

Mgo abundances implies that the Au is not related to the 

mafic component of the rock. but more 1 ike 1 y the su 1 phi de 

mineralization. Pyrite and pyrrhotite are the most 

commonly intergrown sulphides with Au in Archean deposits 

(Colvine et al .• 1984). Above background Au values may be 

due to pyrite and/or pyrrhotite acting as control sites for 

the Au. Wells and Mull ens ( 1973) and Hausen ( 1981) have 

noted that the Au content of pyrite at the Carl in Mine 

varies with pyrite morpho 1 ogy. They found that fine 

grained spheroidal aggregates of pyrite yield the highest 

Au va 1 ues. rims or overgrowths of pyrite around euhedra 1 

pyrite yield intermediate Au values and the euhedral 

crysta 1 s of pyrite y i e 1 d the I owest va I ues. This scheme 

may be applied to the study area as there is a possible 
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Figure 4 . 3 : Al203 (Wt%) vs. Au (ppb) 
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------------------------------

Figure 4. 5: Fe203(w%) vs. Au(ppb) 
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correlation between Au and rine grained pyrite aggregates 

rormed rrom cataclastic deFormation and subsequent 

annealing recrystal 1 ization (see Table 3.2). This also 

imp! ies that Au deposition was synchronous with or post 

deFormation or the area. There does not seem to be any 

correlation between pyrite overgrowths and Au abundance in 

the suite. 

Except ror M-320, high Au va 1 ues are usua 1 l y 

associated with modal percentages> 10% ror pyrite. But. 

the same can not be said ror the converse. The high Au 

abundance in M-320 and M-755B may be attributed in part to 

the adsorptive properties or activated organic/inorganic 

carbon (Wi 1 son, 1985). Active carbon is capable or 

reducing Au complexes, such as AuCI or Au(HS)2 inducing the 

precipitation or rree Au (Col vine eta!., 1984: Wi I son, 

1985). 

4.3.2 TRACE ELEMENT ASSOCIATIONS WITH Au: 

Au is not statistically correlated with Sb and As 

(Figures 4.7 and 4.8 respectively). But, anomalous Au 

values usually coincide with values or > 85 ppm As and > 5 

ppm Sb. The clastic sediment M-211 does not rol low this 

trend completely as it is depleted in Sb and has a 

relatively low As concentration. 
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W and Zn were calculated to have signif"icant 

positive correlations with Au (Figures 4.9 and 4.10 

respectively). This is not surprising as Au may be 

associated with chalcopyrite, molybdenum and sphalerite 

(Col vine et a I . , 1 984). It= the Au is genet i ca 1 1 y 1 inked 

with Zn, then the Au may quite possibly be related to the 

intrusion of" the Lebel stock and the subsequent metasomatic 

processes associated with contact metamorphism. A word or 

caution should be noted as anomalous Au values are not 

always associated with high Zn values. The same is true 

"for the converse. Cu produces a scatter diagram (Figure 

4.11) and is not statistically correlated with Au. 
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Figure 4.11: Cu (ppm) vs. Au (ppb) 
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CHAPTER 5 

CONCLUSIONS: 

The depositional environment oF the Boston iron 

range wou 1 d have been an idea I site For the deposition oF a 

distal massive sulphide deposit. But, the prevalent base 

metal in the study area. Zn. occurs in Fracture control led 

hydrothermal veinlets. ThereFore, the base meta 1 

mineralization is not related to typical volcanic 

exha 1 at i ve massive su 1 phi de deposits. Instead, the 

mineralization is probably associated with metasomatic 

processes resulting From contact metamorphism oF the Lebel 

stock on the surrounding rock. 

The Au va I ues above background 1 eve 1 s ( > 10 ppb) 

are associated with the deFormation oF the area by the 

coexistence or high Au values with derormation textures 

such as catac 1 ast i c pyrite and subsequent annea 1 i ng 

recrystallization. 

Geochem i ca 1 1 y. Au was Found to have a statist i ca 1 1 y 

signiFicant positive correlation with W and Zn. Ir the Au 

is related to the Zn, then both the Au and Zn may be 

related to the intrusion oF the Lebel stock. But, the 

highest Au values are not always associated with high Zn 

contents. The same applies For the converse. The chemical 
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sediments with > 5 ppm Sb and> 85 ppm As had anomalous Au 

values but general Jy were not round to be statistically 

correlatable. 

60 



APPENDIX A 

EXPERIMENTAL PROCEDURES 

AI 1 samples were broken and crushed into pieces up 

to 1.0 em in diameter with a chipmunk jaw crusher. These 

pieces were then crushed with a ceramic I ined pulverizer 

Followed by a steel hand pulverizer. The resultant sample 

powder was then passed through a -200 mesh screen. The 

sample powder used in the rol lowing experimental procedures 

were alI crushed using the above procedure. 
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LOSS ON IGNITION (LOI) ANALYSIS: 

Approximate 1 y I. 0 gram or powdered samp 1 e was 
0 

heated at 1 I 0 C in a ceramic cruc i b 1 e t=or approximate 1 y 8 

hours. This step removed any atmospheric moisture t=rom the 

sample. The samples were then weighed and reheated at 

1000°C t=or 1.0 hour. This step ignited the volatiles 

CC02(g), H20(g), S, F, Cl and to some extent the alkali 

metals) present in the sample (Maxwel 1, 1968). The samples 

were then reweighed. The weight 1 oss t=or each samp 1 e was 

then calculated and expressed as a percentage ot= the sample 

weight recorded aFter removal or atmospheric moisture. 



C02 DETERMINATION: 

Two procedures were used to determine C02 values or 

the samples. LECO analysis was used ror samples with S 

contents or less than 4 weight percent while the remaining 

samples were analyzed using an acid evolution-gravimetric 

method. Only lowS samples were determined by LECO because 

or S02 interence on the C02 analysis. 

The acid evolution-gravimetric method, as described 

by Maxwel I (1968), involved the 1 iberation or C02(g) rrom 

1. 0 gram or powdered samp 1 e by acid treatment and bo i i ng 

"for 1.5 minutes. The reaction which took place was : 

CaC03(s) + 2 HCl(l)~CaC12(1) + H20(g) + C02(g). 

The HC1-H20(g) vapour rormed by the process was removed by 

a condenser attached to the decomposition rlask while 

volatiles 1 iberated by the process were passed through 

absorbers. The absorbers puriried the gas unti 1 C02(g) was 

the on 1 y vo 1 at i 1 e component 1 ert a 1 ong with the nitrogen 

carrier gas. A previously weighed C02-absorption tube was 

used to remove the puriried C02(g) "from the carrier gas. 

Arter 0.5 hours, the C02(g) absorption tube was removed 

"from the system and reweighed. The weight gained by the 

absorption tube represented the C02 1 iberated rrom the 

sample and was expressed as a percentage or the original 

powdered sample weight. 
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X-RAY FLUORESCENCE ANALYSIS PROCEDURE: 

A 1 1 the geochem i ca 1 va 1 ues f'or S, trace and major 

elements were obtained by standard x-ray Fluorescence (XRF) 

procedures using powdered pel lets and a Phi I I ips 1450 X-Ray 

F 1 uorescence Spectrometer. Powder pe 1 1 ets were used 

instead of' f'used pe 1 1 ets because many of' the samp 1 es had 

sulphur abundances greater than 5 weight percent. This 

prevented damage to the platinum alloy crucible used to 

prepare Fusion pel lets. Powdered pel let analyses is known 

not to be as accurate as Fusion pel lets. 

POWDER PELLET PREPARATION: 

Three to f'our drops of' motor oi 1 was added into 

approximately 5.0 grams of' powdered sample and mixed unti 1 

un i f'orm. The motor oil acted as an adhesive. The mixture 

was then put in an a 1 urn i num pe I I et f'orm and compressed to 

20 tonnes/square inch. 
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EPITHERMAL INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS 
CEINAA) THEORY: 

Epithermal instrumental neutron activation analysis 

(EINAA) was perFormed to determine Au. As. W and Sb 

abundances. The rol lowing discussion on EINAA is a 

synthesis or inFormation From Reeves and Brooks (1978) and 

From a Mac Short Course on NAA (1980) to serve as an 

outline describing the basic principles or this type or 

ana 1 ys is. Neutron activation is based on irradiation or a 

1.5' stable nucleus (such as 33 As) under a Flux or neutrons to 

produce an isotope with a mass one greater than the 

original e I ement. An examp 1 e or a reaction by As due to 

absorption of thermal neutrons is 

7t.A v 
0 

n ---:~,.U s + 1 

?&As A-,y 7 's (stable) 
3J Z.&."f HI's. > Yf e 

• 7& y 7& which may also be wr1tten as MAs(n,,) As. 

IF the sample is surrounded by a suitable metal 

foil, the total neutron Flux can be modified. Cadmium is a 

strong absorber or thermal (low energy) neutrons. but 

allows good transmission of neutrons with energies above 10 

eV (electron volts). Thus. Cd-sh i e I ded samples are 

irradiated by the > 10 eV or ep i therma 1 part of the reactor 

neutron spectrum. Au. As and other elements have high 

neutron absorption cross sections for ep i therma 1 neutrons 

but, many common major elements such as Na do not. 
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ThereFore, epithermal activation increases the Au/Na ratio 

of activity compared to Ful 1 flux thermal neutron 

activiation. 

After cooling, the gamma-rays being emitted are 

recorded by a Li drifted Germanium semi-conductor detector. 

The gamma-rays activate conduction band electrons in the 

detector and generate a flow of current. The gamma ray 

flux impinging on the detector is directly proportional to 

the nuclide concentration in the sample. Through the use of 

built-in computer programs, the spectrometer then separates 

the significant photopeaks, determines the net photopeak 

above background energy produced by Compton scattering and 

calculates the concentration of the element being detected. 
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EPITHERMAL INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS 
(EINAA) PROCEDURE: 

Approximately 0.5 grams or samp I e crushed to -200 

mesh was weighed and sealed in polyethylene vials. The 

samples, duplicates and chemical standards, in packages or 

15, were irradiated in the McMaster pool type nuclear 

reactor ror 1.0 MWH by a neutron rlux or 

1.5 x IOEE13 neutrons/em. sq./sec. The samples were 

rotated during the i rrad i at ion and sh i e 1 ded with cadm i urn. 

They were then allowed to cool For approximately 59 hours 

aFter irradiation. Normal counting procedures were then 

perFormed For As and Sb using a coaxial intrinsic Germanium 

detector capabled to a Canberra Series 80 multichannel 

ana I yzer ( MCA) . The detector has an 18.4 em active area~ 

55 em active volume and a 0.05 em window thickness. The 

energy resolution is less than 0.85 keV at 122 keV and 1.8 

keY at 1.332 MeV with a relative erriciency or greater than 

10% and a peak to Compton ratio oF 35:1. Data From the MCA 

was read out on punched paper tape. Approximately 110 

hours arter irradiation, counting was resumed For Au and W 

using the same irradiated samples and apparatus as beFore. 

The activity recorded by the spectrometer was then used to 

calculate the orignal activity at the start or the cooling 

period using the decay equation: 
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A = A e-)lt 
i:. 0 

where At= activity at time t (spectrometer reading) 

A
0

= original activity (at time zero) 

t= time elapsed since the start or the cooling 
period. 

= decay constant ror a particular element 
0.693147 

elemental halr-1 ire (T~) 

The calculated original activity (corrected count 

rate) was then divided by the average number obtained rrom 

the standards ror a particular element and was then 

converted into ppm by dividing the value with the weight or 

the samp I e. A ppb va I ue was obtai ned by dividing the ppm 

value by 1000. The experimental and calculation procedure 

has been previously tested to have a sensitivity level or 5 

ppb ror Au and 0.0 I ppm ror As. Sb and W. 
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APPENDIX B 
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ERROR ANALYSIS: 

TABLE 1: GEO C HEM I GAL DATA ERRORS 
ELEMENT ERROR{%) ELEMENT ERROR(%) VOLAT! LES ERROR(%) 
Au 20.55 Si02 .83 LOI 3.37 
As 20.9 A1203 2.93 s 10.95 w 83.06 Fe203 5.97 C02 2.83 
Sb 32.7 MgO 5. 16 
Cu 8.27 CaO 3. I 
Pb 12.8 Na20 4.26 
Zn 20.45 K20 5.7 
Ni 27.35 TI02 0 
Co 19.1 Mn02 0 
Cr 40.44 P205 0 
v 12.7 

Error values in Table I were calculated using the 

pooled variance estimate or precision error using the 

equation rrom Dixon and Massey (pg. 145, 1957): 

~ I: ( X·. - Xi )L 
Sp2. = _J_·=-• _t_,._J ---'-J ----

~ nj- k 
J 

where X· · = va 1 ue or the i. th rep 1 i cate or the J. th samp 1 e. lJ 

X = mean value ror the j th sample. 

k =total number or samples (6). 

nj =number or replicates in the jth sample (3). 

This value was then converted into a coerricient or 

variance expressed as a percentage: 

c = 
lOO·Sp 

x 
where X= grand mean ror all samples. 
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LINEAR REGRESSION: 

The plots derived by 1 inear regression were tested 

at the 95% signiFicance level using at-test. A samp 1 e 

calculation would proceed as Followed: 

For Co vs. N i : 
From 1 inear regression the variance= r 4 = 0.47 

thereFore, the correlation coeFFicient = JrT = 0.6856 

t = 

= 

r JN - 2 

,j 1 - r 

where r= correlation coeFFicient. 

Y. 
(0.6856)(24-2)'-

N= total number oF points in 
sample set under 
consideration. 

[ 1 - (0.6856).t ])£. 

= 4.474 > 1.717 
(From Davis, pg. 95, 1973) 

Since t > 1.717, then there is a correlation at the 

95% signiFicance level between Co and Ni. 
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