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Abstract

Variolites are mafic to intermediate volcanic rocks containing centimetre-sized,
spherical domains, termed varioles. Varioles are dominantly composed of plagioclase
spherulites. Variolitic volcanic rocks host ore in many epigenetic Au deposits within Archean
greenstone belts. The geochemistry and alteration of variolitic rocks were studied within the
Archean Abitibi Greenstone Belt in Harker Township, Ontario and in the Dome Mine area,
Timmins, Ontario. The study demonstrates that there is a connection between the anomalously
high Fe/Mg ratio of the variolites and disseminated sulphide-Au mineralization.

Variolites occur dominantly in the upper, more evolved parts of Fe tholeiitic volcanic
sequences. They commonly have a more differentiated composition than typical Fe tholeiitic
MORB rocks. They have elevated concentrations of incompatible elements, silica, iron,
titanium and phosphorous, and lower than expected concentrations of compatible elements
such as vanadium and magnesium. In addition, their Fe/Mg ratio is anomalously high,
commonly greater than 3.0. Varioles tend to be more concentrated in intermediate-acidic
flows, which are characterized by flow banding, extensive development of hyaloclastite, and
brittle fracture. Disequilibrium crystal habits, including plagioclase spherulites, branching
amphiboles (after pyroxene), and dendritic oxides, are common in variolites and are related
to diffusion limited growth conditions. These conditions were likely caused, in part, by the
relatively silica-rich nature of the lavas and undercooling.

The differentiation of the variolitic suites is interpreted to be due to fractional
crystallization. The compositional range of the suite is similar to other strongly differentiated
Archean tholeiitic rocks, such as the Golden Mile Dolerite in Kalgoorlie, Australia. The
variolitic suites are also similar to modern evolved, oceanic suites developed in areas of
thicker oceanic crust. The variolitic suites are interpreted to result from injection of tholeiitic
magma along faults to high levels in the crust where lower temperatures and pressures
promoted rapid and extensive differentiation.

Alteration studies of variolites associated with Au mineralization revealed that the
alteration mineralogy is partly related to the host rock composition. The upper, more evolved

flows of the variolitic suites tend to stabilize a complex mineral assemblage, including albite,
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Fe-Ti oxides, and pyrite whereas the lesser evolved flows stabilize a simpler assemblage,
generally dominated by carbonate minerals. In both areas, mineralized zones have significant
addition of CO,, S, and Au and depletion of H,0. Hydrothermal alteration in the Harker Lake
area is characterized by oxidation of the host rock with addition of Na,O and Sr and depletion
of Zn, MgO, MnO and, to a minor extent, HREE, whereas alteration at the Dome Mine is
characterized by reduction of the host rock, addition of K,0, Ba, CaO, B, and LREE, and
depletion of Na,O, Sr, and HREE. These results reflect differences between the two areas in
the size and intensity of the mineralizing events, the influence of structural styles, and the
local rock types. ‘

In variolites, Au is deposited by destabilization of the Au-bisulphide complex largely
due to removal of sulphur from solution by reaction with iron in the host rock to form pyrite.
Bohlke (1988) has demonstrated that the Fe/Mg ratio of the host rock plays a key role in
determining whether Fe-Mg(-Ca) carbonates or pyrite will be formed in the alteration zone.
Pyrite will tend to form in host rocks which have a high Fe/Mg ratio. This effect is enhanced
when the auriferous hydrothermal fluids have previously equilibrated with high magnesian
rocks. The anomalously high Fe/Mg ratio of variolitic rocks (> 2.0) makes them ideal
chemical traps for sulphide-Au mineralization. Additionally, their tendency for brittle fracture
enables the fluids to affect a greater volume of rock, enhancing the potential for
mineralization.

Variolites may be useful in the exploration for epigenetic Au deposits. As a
consequence of their composition, variolites have excellent potential to host disseminated
sulphide-Au mineralization in association with shear zones or faults, which have provided the

pathways for auriferous fluids.
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Sommaire

Les variolites sont des roches volcaniques mafiques 2 intermédiaires contenant des
zones sphériques centimétriques appelées varioles. Les varioles sont principalement
composées de sphérulites de plagioclase. Les roches volcaniques variolitiques sont
typiquement minéralisées dans plusieurs gisements d’or épigénétiques 2 I'intérieur de
ceintures de roches vertes archéennes. La géochimie et I'altération des roches variolitiques
furent étudiées 3 Harker Township, Ontario, et 3 la mine Dome, Timmins, Ontatio, a
I'intérieur de la ceinture de roches vertes de I’ Abitibi. Cette étude démontre qu’il y a un lien
entre le rapport élevé de Fe/Mg des variolites et la minéralisation disséminée de sulfures et
d’or.

Les variolites sont situées principalement dans la partie supérieure et évoluée des
séquences volcaniques tholéiitiques riches en fer. Iis ont communément une composition plus
différenciée que les roches tholéiitiques riches en fer de type MORB. Les variolites ont des
teneurs €lévées en Eléments incompatibles, silice, fer, titane, et phosphore, et des teneurs
faibles en éléments compatibles tel que le vanadium et le magnésium. De plus, leur rapport
en Fe/Mg est enrichi (Fe/Mg > 3.0). Les varioles ont tendance 2 étre concentrées dans les
coulées intérmediaires 2 felsiques, lesquelles sont characterisées par la présence de couches
rubannées, par 1’abondance de hyaloclastite, et par la présence de fractures & comportement
fragile. Les cristaux montrant des morphologies 2 I’état de déséquilibre, tels les sphérulites
de plagioclase, lcé amphiboles (aprés pyroxene) en forme de branches, et les oxydes
dendritiques, sont communs dans les variolites, et furent formés dans des conditions limitées
par la diffusion. Ces conditions furent principalement causées par I’enrichissement des
coulées en silice, et par un taux élevé de refroidissement.

La différenciation des séquences variolitiques est interpretée comme étant le résultat
d’une cristallisation fractionnée. La variation en composition des séquences est semblable 2
d’autres roches tholéiitiques archéennes fortement différenciées, tel le Golden Mile Dolerite
a Kalgoorlie, Australie. Les séquences variolitiques sont également semblables aux roches
océaniques modernes évoluées, produites dans les régions od la crolite océanique est épaisse.

Les séquences variolitiques sont interprétées comme étant le résultat d’injections de magma
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tholéiitique le long des failles, 3 des niveaux élevés de la crodte, ol les températures et
pressions réduites ont favorisé une différenciation rapide et considérable.

Les études portant sur I'altération des variolites minéralisées ont démontré que la
minéralogie associée 2 I'altération est reliée 2 la composition initiale des roches. Les coulées
supérieures évoluées des séquences variolitiques ont tendance A stabiliser un assemblage de
minéraux complexes, comprenant 1’albite, les oxydes riches en fer et titane, et la pyrite. Par
contre, les coulées inférieures stabilisent un assemblage plus simple, généralement dominé
par des carbonates. Dans les roches encaissantes, la minéralisation est associée 2 une addition
significative de CO,, S, et Au, et 2 une réduction de H,0. L’altération dans la région de
Harker Lake est caractérisée par ’oxydation des roches encaissantes, par 1’addition de Na,O
et Sr, et par un appauvrissement en Zn, MgO, MnO, et éléments lourds des terres rares. Par
contre, I'altération 2 la mine Dome est représentée par la réduction des roches encaissantes,
par I’addition de K;O, Ba, CaO, B, et des éléments légers des terres rares, et par un
appauvrissement en Na,O, Sr, et en €léments lourds des terres rares. Ces résultats mettent en
évidence les différences entre les deux régions, en terme de la grosseur et de I’intensité du
gisement, de la géologie structurale, et de la lithologie environnante.

L’or est déposé dans les variolites par la déstabilisation du complexe Au-bisulphide,
due principalement 2 I'enlévement du soufre en solution pour former de la pyrite. Bohlke
(1988) a démontré que la présence de carbonates riches en fer ou de pyrite dans la zone
d’altération est relié au rapport initial de Fe/Mg des roches encaissantes, la pyrite se formant
quand le rapport de Fe/Mg est anormalement €levé. La formation de pyrite est accentuée
lorsque le fluide aurifére hydrothermal s’est équilibré au préalable avec des roches riches en
magnésium. Le rapport anomal de Fe/Mg fait des roches variolitiques un site idéal pour la
minéralisation disséminée de sulfures et d’or. De plus, leur tendance 2 se fracturer permet au
fluide de pénétrer la roche en profondeur, améliorant ainsi le potentiel 2 se minéraliser.

Les roches variolitiques peuvent servir d’outil dans I’exploration de gisements d’or
épigénétiques. Par leur composition, elles ont un excellent potentiel 2 étre le site de gisements
disséminés de sulfures et d’or, lorsque associées a des zones de cisaillement ou des failles

ayant procuré des conduits aux fluides auriféres.
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1. Introduction

1.01 Prelude

Variolites are mafic volcanic rocks containing centimetre sized, globular domains,
termed varioles. Varioles may occur as distinct individuals, or as coalesced masses in
variolitic rocks (Plate 1.1.1). Microscopic examination of varioles normally shows that they
are composed of one or more spherulites (Plate 1.1.2), radiating fibres of plagioclase which
have grown from a nucleus, resulting from disequilibrium crystallization (Fowler er al, 1987).
Plagioclase spherulites, particularly open spherulites, may also be found in the groundmass
of massive parts of variolitic flows, where varioles may not be distinguishable. Varioles also
contain other minerals, notably amphibole (after pyroxene) and Fe-Ti oxides, in dendritic and
branching forms also resulting from disequilibrium crystallization. Variolites are commonly
high iron mafic to intermediate members of tholeiitic suites. They are characterized by higher
Si0,, P,0;, Zr, and REE contents, and higher Fe/Mg ratios in comparison to typical Archean
tholeiitic basalts. Similar to spinifex textured komatiites, variolite occurance is for the most
part restricted to Archean rocks.

It is well documented that Au mineralization occurs in most Archean rock types
(Hodgson and M*Geehan, 1982; Colvine et al, 1988). However, it remains possible that rocks
possessing particular chemical characteristics common to variolites may be preferential hosts
to gold mineralization (Phillips et al, 1983; Neall and Phillips, 1987; Bohlke, 1988).
Variolites have been previously recognized as being preferred hosts, or guides, to Au
mineralization (Pirie, 1981; Thurston, 1985), likely due to their high iron content (Phillips and
Grove, 1987). The possible importance of the characteristic texture and geochemistry of
variolites was recognized by geologists working for Newmont Exploration of Canada Ltd. in
Timmins, Ontario. This observation forms the basis for the thesis and the participation of
Newmont Mining Ltd.

1.1 Objectives

Variolitic volcanic rocks host, or are proximal to, many epigenetic Au deposits in the



Plate 1.1.1: Variolitic pillow basalt examples, Abitibi Greenstone belt: a) upper Kinojevis
Group, Elliot Township, Ontario (scale shown is in centimetres), b) Key Flow,
Dome Mine, Timmins, Ontario.






Plate 1.1.2: Photomicrograph of variole in pillow basalt (plain polarized light (PPL) and
crossed nicols (X-nicols) views). Variole is composed of plagioclase spherulites
with minor mafic minerals. Field of view is 4 mm.
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Map 1.2.1: Location of study areas, both within the Abitibi Greenstone Belt of northeastern
Ontario.
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Archean Abitibi Greenstone Belt (e.g.- Dome, Hollinger, Kerr Addison). The objectives of

the research project are to test the observed spatial relationship between Archean epigenetic
Au deposits and variolitic basalts in terms of a possible genetic link. A further objective is
to better understand the alteration of variolitic basalts. The problem is approached by a
detailed and comparative study of the petrology and geochemistry of variolitic rocks. Sample
suites reflecting a spectrum of alteration intensities were collected from relatively unaltered
terranes through to mineral deposits. As a result, the physical and chemical conditions of the
alteration and mineralization associated with gold deposits in Archean terranes will be better
defined.

1.1.1 Approach
The research involved comparing and contrasting variolitic and non-variolitic rocks
within and between stratigraphic sequences to represent different styles of alteration and
record the primary geochemical characteristics. Once the primary characteristics were
established, the alteration and element mobility associated with gold mineralization was
examined. Finally, the results were interpreted in order to determine the geochemical

characteristics of variolitic volcanic rocks important to gold mineralization.
1.2 Location

This thesis project involves three different study areas within the Abitibi Greenstone
Belt in Northeastern Ontario (Map 1.2.1). One area lies just east of Harker Lake, located in
east-central Harker Township, 50 km east of Matheson, Ontario and 40 km north-northeast
of Kirkland Lake, Ontario. It is on a group of mining claims, presently held by the estate of
Mr. Don Hurd of Kirkland Lake, Ontario. The section is within undeformed tholeiitic rocks
of the Kinojevis Group, aproximately 2.5 km south of Highway 101E. Road access is
excellent with numerous logging roads in the immediate vicinity which connect to Highway
672 to the west (Map 1.2.2). The region has been the subject of extensive mineral exploration
activity. Recently, American Barrick Resources opened the Holt-M‘Dermott Mine 4 km

northeast of the study area.
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The second area studied is in the Porcupine Mining Camp, Timmins, Ontario. Work
was concentrated within the Vipond Subgroup of the Tisdale Group volcanic rocks (Pyke,
1982), in and around the Dome and Porcupine Paymaster Mines (Map 1.2.3) of southeastern
Tisdale Township. Access was obtained to the Dome Mine through the cooperation of Placer
Dome Inc. Complete sampling of the Vipond sequence and various mineralized zones was
done on five different levels in the mine. The Porcupine Paymaster property provides a
complete section of the Vipond rocks in a well known surface exposure just east of the mine
headframe.

Slightly altered variolites were sampled in the Kinojevis Group volcanic rocks, very
near their upper contact with the Blake River Group along the northwest shore of M‘Diarmid
Lake in central Marriott Township, Ontario (Map 1.2.2). Access was attained by float plane

service from nearby Perry Lake.

1.3 Methodology

1.3.1 -Sampling

Since most rocks in the vicinity of epigenetic gold deposits are altered, establishing
the primary geochemical signature of variolitic rocks in a mine environment is difficult. The
approach has been to obtain samples representing as broad a spectrum as possible of altered
variolitic volcanic rocks. Complete sections were sampled, including variolitic and non-
variolitic flows. Data has been recorded regarding important parameters such as fracturing,
brecciation, vesicularity and other textural and structural features. Sampling was restricted as
much as possible to massive, homogeneous parts of flows. Textural and stratigraphic evidence
has been noted to correlate units and samples.

Sampling in 1989 was carried out in the three locations described above. These areas
were chosen based on field work in 1987 and 1988 which proved that a spectrum of relatively
fresh to altered and mineralized variolites were present. In Marriott Township prehnite-
pumpellyite facies rocks are exposed in several flows on the shores of M Diarmid Lake.
These rocks have extremely well preserved hyaloclastite and spherulite textures as well as

pillow forms and flow contacts. They may represent lesser altered equivalents to some of the
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textures observed in the other sample areas. Fourteen samples were collected here.

A 700 metre section of well preserved, low grade metamorphosed volcanic rocks is
exposed in Harker Township, including two narrow (2 to 10m) altered and mineralized zones
(Maps 2.1.1, 2.1.2). The larger of the two zones, known locally as the the Cryderman Zone,
occurs in the middle of the section. Surface stripping during exploration of this zone has
provided excellent exposure of the surrounding volcanic succession. The section sampled
consists of Fe-rich basalts and includes several variolitic units and at least two intermediate
units. A total of 57 samples have been collected. The data base was augmented by samples
from diamond drill holes and mapping in the area.

In Timmins, work was concentrated on the Vipond Subgroup, a very well known and
well documented variolitic sequence extending throughout most of the Porcupine Camp
(Ferguson, 1968). Sampling of variolites at the Dome Mine and near the Porcupine Paymaster
Mine was done, but unaltered examples similar to those of Marriott or even Harker Township
are not present. To ensure the complete Vipond section was represented, sampling was
extended into the upper unit of the underlying Central Subgroup and the lower unit of the
overlying Gold Centre Subgroup.

Twenty rocks were collected from the well exposed, moderately altered section of the
Vipond Subgroup near the Porcupine Paymaster Mine. Correlative samples from the Dome
Mine represent the highly altered end members of this suite (Ferguson, 1968; Brisbin and
Mason, 1988). Sixty-one moderately to intensely altered samples were taken on 5 mine levels
in order to characterize the Vipond section in the mine as thoroughly as possible. Samples
have been taken at and away from ore zones to monitor elemental changes in wall rock

alteration.

1.3.2 Study and Analysis
Detailed petrography has been done on all samples collected, thus the metamorphic
mineral assemblages as well as the alteration assemblages, where appropriate, have been
documented. Determination of immobile and mobile elements with respect to original variolite
chemistry has been done using interpretive techniques (Grant, 1986). Approximate chemical

reactions were written for the prograde metamorphic and alteration assemblages from the
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synthesis of the geochemical and petrographic data. Interpretation of the mineralogical and
geochemical progression from least altered to most altered equivalents gives an estimate the
primary igneous characteristics of the metamorphosed variolitic suite. By comparing the
formation of variolites from different areas, insight into the peculiar nature of variolites with
respect to other volcanic rocks is possible. With this insight, the effect of initial variolite
chemistry on the localization of gold mineralization can be applied generally to variolitic

rocks.

1.3.3 Relation to Au Mineralization

It has been observed that variolites occur dominantly in tholeiitic mafic volcanic rocks,
especially those of highly evolved, Fe enriched suites. This is significant because these
volcanic rocks may have provided the iron necessary for reactions responsible for the
deposition of gold (Fryer et al, 1979; Neall and Phillips, 1987). Variolites are enriched in
high field strength (HFS) elements, rare earth elements (REE) and silica relative to Fe
tholeiites in general (Gélinas et al, 1976; Davies et al, 1979) providing further evidence of
differentiation. Studies show that the favourable host rocks for Au mineralization are more
competent, less mafic (but high iron) rocks (Phillips et al, 1983; Macdonald and Fyon, 1986;
Houstoun, 1987) possessing anomalous Fe/Mg ratios relative to their surrounding terrane
(Bolke, 1988; 1989). Variolitic volcanic rocks fit these attributes quite well making them
good potential hosts for gold mineralization.

1.4 Previous Work

1.4.1 Variolites
Variolites are mafic volcanic rocks containing centimetre-sized, commonly spherical
domains, termed varioles, which are dominantly composed of plagioclase spherulites.
Variolites also contain other textures characteristic of rocks which have crystallized under
conditions of extreme disequilibrium. These include skeletal, dendritic and plumose forms.
Variolitic volcanic rocks are found dominantly within tholeiitic successions in Archean

terranes. In particular, they are common in the upper portions of Fe tholeiitic suites, although
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they are found throughout these sequences. Even when found outside tholeiitic successions,
variolitic rocks are usually seen to be tholeiitic interlayers in sequences of other affinities
(e.g. the calc-alkaline Blake River Group, Gélinas et al, 1976).

There are several theories as to the mechanism of formation of Archean varioles,
including:

- disequilibrium crystallization resulting from diffusion limited growth brought on by
supercooling of the liquid (Hughes, 1977; Philpotts, 1977; Fowler et al, 1987; Fowler et al,
1989)

- immiscible splitting of a magma of tholeiitic composition into two liquids, one of
low K rhyolitic, and one of basaltic composition (Gélinas et al, 1976).

- devitrification texture

Pirie (1981) and Fowler et al (1987) noted the fact that although the varioles have
more acid composition, partitioning of trace elements between the variole and matrix portions
of variolites was inconsistent with the liquid immiscibility theory of Gélinas et al (1976).
Neither the REE’s or trace elements and the oxide P,O5 show distributions consistent with
the separation of a felsic liquid from a basaltic liquid. Gélinas er al (1976) noted a type of
variolite having no significant difference between the variole and matrix compositions
(Kinojevis type) and attribute no liquid splitting in this case. The observed partitioning of
these trace elements is more representative of rapid crystallization of the variole material from
an homogeneous melt. Disequilibrium textures support the idea of rapid crystallization.

Thurston (1985, 1986) found that variolites commonly cap Fe enrichment mini-cycles
of high alumina tholeiitic sequences in the Uchi subprovince of the Superior Province, and
that these units have andesitic bulk composition. Thurston et al (1986) envisage the
development of these low Fe basalt through high Fe andesite cycles by fractional
crystallization of, progressively, olivine, plagioclase and lesser clinopyroxene. Fowler and
Jensen (1989) have modelled a similar mechanism for the developement of tholeiitic basalt
through rhyolite sequences in the Kinojevis Group volcanic rocks, which include abundant
variolitic sections, in the Abitibi subprovince.

Evidence of the differentiated nature of variolite sequences is given by Davies et al

(1979). They found that the flows of the dominantly variolitic Vipond Subgroup are richer
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Figure 1.4.1: Diagrams using immobile trace elements, showing the relationship of the
Vipond Subgroup to the other subgroups of the Tisdale Group, in the Timmins area. In all
diagrams, the Vipond lies in the most differentiated position of any subgroup (Davies et al,
1979; Davies and Whitehead, 1980). Legend: long dashes define the field of the Vipond
Subgroup; short dashes, Central Subgroup; dots and dashes, Gold Centre Subgroup; and solid

line, Northern subgroup.
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in Zr, Y, TiO, and poorer in Cr than those of the Central and Gold Centre Subgroups (Figure
1.4.1). This was also demonstrated by Gélinas et al (1976). They studied a series of variolitic
samples (including matrix-variole separates) that define a silica dependent, Fe enrichment
trend on the AFM diagram (Irvine and Baragar, 1971). Some samples have combined iron
oxide concentrations greater than 20%. They compare the trend to that of the Skaergaard
intrusion, generally considered to be a classic example of progressive differentiation due to
fractional crystallization (Wager and Brown, 1967). Gélinas er al (1976) also noted that the
bulk composition of variolites ranges from basalt to andesite.

It should be stated that although the majority of variolitic volcanic rocks identified in
the literature (e.g. Gélinas et al, 1976; Pirie, 1981; Thurston, 1985; Fowler et al, 1987) are
of Fe tholeiitic composition, Pirie (1981) has described a variole-matrix pair in the Red Lake
area which give Mg tholeiite-basaltic komatiite compositions respectively (presumably Mg
tholeiite bulk composition). Jensen (1978) noted varioles in flows of basaltic komatiite

composition in the Stoughton-Roquemare Group.

1.4.2 Variolites and Gold

The association of variolites with Au mineralization has been noted in the past.
Hutchinson (1987) documented the regional spatial association of variolite-bearing lower
volcanic successions (komatiitic to tholeiitic affinities) with major Au camps in the Archean.
In the Timmins camp, Ferguson (1968) made note of the importance of variolites both as
hosts for Au mineralization and as marker horizons key to the understanding of structure in
the Porcupine Camp. Pirie (1981) noted variolites as an important ore host in the Campbell-
Red Lake gold mine of the Red Lake camp, northwestern Ontario, and suggested that the
high-iron upper tholeiitic portions of the lower volcanic (komatiitic to tholeiitic) sequences
were imi)ortant in locating Au deposits. Thurston (1985, 1986) has described variolites and
associated Au mineralization commonly capping tholeiitic Fe enrichment cycles in the
Confederation Lakes area, Ontario. A hiatus in volcanic activity, with deposition of Fe-rich
chemical sediments, and related Au enrichment, is commonly found at the top of these cycles.
Thurston et al (1985) concluded that variolites may help focus exploration activities in

unknown greenstone terranes.
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1.4.4 Gold Deposits; Geochemistry and Alteration

In the past decade many studies of Archean gold deposits have been undertaken to
advance our knowledge of their geological, geochemical, and structural characteristics as well
as the nature of the fluid, or fluids, which are involved in their formation. This work has led
to several models for the genesis of Archean gold deposits (Kerrich, 1983; Hutchinson and
Burlington, 1984; Mason and Melnik, 1986; Wood et al, 1986; Phillips and Groves, 1987;
Colvine er al, 1988), but more importantly, it has led to the careful study of many gold
deposits and as a result detailed documentation of their characteristics.

Archean lode gold deposits commonly show evidence of formation at depth, associated
with deep deformation zones and, generally, regional scale processes. The characteristic
metamorphic assemblage in mafic volcanic host rocks includes actinolite/uralite-chlorite-
epidote-albite-quartz. Alteration associated with gold deposits has been summarized as several
zones (Fyon and Crockett, 1983; Phillips, 1986; Roberts, 1987). Surrounding the deposits, on
a broad mine or camp scale, is a zone of pervasive chloritization (especially of mafic rocks)
and carbonatization, generally calcite. This progresses to a proximal zone of more intense
carbonatization characterized by Fe carbonates rather than calcite. Finally, an intensely
altered, commonly bleached, inner zone which contains K-rich silicates or albite, ankerite-
dolomite, quartz and Fe-sulphides is usually found adjacent to the mineralized vein. The
centre of these alteration systems is usually focused on a deformation zone and the
abundance, hence, importance of quartz veining depends on the style of deformation present
(ie. brittle or ductile). The majority of the gold is found in pyrite disseminated in the altered
host rocks of the veins.

This alteration assemblage is primarily due to hydrolysis and carbonatization of
primary or metamorphic Fe-Mg silicates and oxides, the abundance of which plays an
important role in determining the extent of alteration present in any rock (Roberts, 1987).
Mass balance calculations in these altered rocks have demonstrated significant additions of
CO,, K or Na, S, and H,0, along with reduction of the iron present, relative to unaltered
equivalent rocks (Kerrich, 1983). The addition of silica is commonly reflected in the intensity
of quartz veining present. Kerrich (1983) distinguished two general styles of metasomatism

associated with lode gold veins in the Abitibi greenstone belt; 1) potassic reductive and, 2)
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sodic reductive. Although mineralogy indicative of oxidative regimes is found in some
deposits (usually hematite and sulphates, e.g. the Ross Mine, Ont. (Cameron and Hattori,
1987)), it is not considered to be related to large gold deposits (Kerrich, 1983; Colvine et al,
1988). Commonly the following trace elements are enriched in Archean lode gold deposits;
Ag, As, B, Rb, Sb, W, Ba, Mo and minor base metals (Roberts, 1987; Phillips and Groves,
1987). With the exception of extremely altered areas, most major and trace elements were
immobile with respect to gold mineralization, especially in comparison to metasomatism
associated with base-metal deposits (Phillips and Groves, 1987).

| Fluid inclusion work and studies of fluid-wall rock reactions provide evidence of the
type of fluid involved in Archean lode gold deposits (Kerrich and Fryer, 1979; Phillips and
Groves, 1983; Kerrich, 1983; Brown and Lamb, 1986; Cameron and Hattori, 1987; Colvine
et al, 1988). In general, the typical fluid associated with Archean lode gold deposits is
relatively reduced, H,0(75 mole%)-CO,(25 mole%) rich, has low salinity and density, and
is neutral to alkaline. The composition of the fluid is affected by many factors as it passes
through the crust. The temperature of formation for most vein deposits is in the 300-480°C
range at pressures up to about 0.5 GPa. At present, most evidence points to thio-complexes,
or bisulphide complexes, as the main gold ligand in the fluids (Seward, 1984), although there
is a lack of experimental data for the upper end of the range of formation temperatures for
these deposits. Much more is known about chloride complexes at these higher temperatures,
and in fact, chloride complexes are very efficient carriers of Au at elevated temperatures
(Seward, 1984; Bohlke, 1988). However, the Au-only nature of most Archean deposits and
the low salinity of their fluid inclusions seems to preclude chloride complexes from having
been significant Au-complexing agents under the conditions of formation of the deposits
(Seward, 1984). Deposition of gold is due to destabilization of the bisulphide complexes by
various mechanisms, such as; 1) formation of pyrite by reaction of sulphur in the fluid with
iron in the wall rock, thereby oversaturating Au with respect to the solution; 2) oxidation or
reduction of the fluid by redox reactions with the wall rock; 3) reducing sulphur concentration
by boiling off H,S as a result of sudden decrease in geostatic pressure; 4) cooling the
solution; 5) change in the pH from neutral conditions. The reactions leading to the

emplacement of gold mineralization are entirely dependent on the progressive evolution of
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the auriferous fluid as it ascends towards the surface and the nature of the wall rocks.
1.5 Regional Geology

1.5.1 Abitibi Greenstone Belt

The Archean Abitibi greenstone belt of the Superior Province of the Canadian Shield,
is the largest greenstone belt in the world, measuring approximately 800 km by 240 km,
stretching from Chibougamau in the northeast to the Kapuskasing High, and possibly Wawa,
in the south west. Although all rocks have been metamorphosed, the belt is one of the best
preserved of the world’s Archean terranes as the rocks are, in general, less than upper
greenschist facies. It is a composite package of komatiitic through tholeiitic and calc-alkalic
to alkalic volcanic rocks (cycles?), with associated intrusive, and sedimentary rocks, both
coeval and later than the volcanic successions. The dominant fold axis trends are east-west
and northeast-southwest, and these trends are shared by the major deformation zones which
traverse the belt. The rocks appear to young progressively to the south, with the oldest
volcanic rocks occurring in the Chibougamau region, dated at 2802 +/-3 Ma (Mortenson,
1987). The supposed youngest volcanic rocks in the belt are the alkalic Timiskaming Group,
recently dated as being as young as 2677 +/-2 Ma (Corfu et al, 1991). The Timiskaming
Group is stratigraphically higher than the upper members of the calc-alkaline Blake River
Group which have been dated at 2701 +/-2 Ma (Corfu et al, 1989). The intrusive rocks show
a progression in precise U-Pb age dates (Corfu et al, 1989) from older dioritic and
trondjhemitic synvolcanic bodies to granodioritic batholiths and smaller porphyries, such as
in the Timmins area (approximately 2690 Ma) to a later group of granitic, syenitic and alkalic
intrusions, dated between 2681 and 2676 Ma. Albitite dykes, which crosscut the porphyries
but not gold mineralization in the Timmins area, give a precise U-Pb zircon date of 2673 +6/-
2 Ma (Corfu et al, 1989). Lamprophyre dykes are probably the youngest of the known
Archean intrusions. Over 100 million ounces of gold have been produced from the Abitibi
making it the most productive greenstone belt in the world.

In the southwest Abitibi, rough time-stratigraphic correlations have been made
between the volcanic stratigraphy in the Timmins and Harker-Holloway areas (Table 1.5.1).
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Map 1.5.1: Geological map of the southwest Abitibi Greenstone Belt, Timmins-Kirkland lake area
(after Jensen, 1983). Study areas are marked by squares and labelled.
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Table 1.5.1.- Stratigraphic subdivisions in the Timmins and Harker-Holloway areas, including

precise age dates (modified from Corfu et al, 1989).

Timmins Area
(Pyke, 1982)

Harker-Holloway Area

(Jensen & Langford, 1985)

Timiskaming Gp.*

Porcupine Gp.

Upper Tisdale Fm (C.A.)
(2698+/-4 Ma)

Supergroup III Middle Tisdale Fm (Thol)

Lower Tisdale Fm
(Kom-Thol)

Blake River Gp. (C.A.)
(2701+/-2 Ma)

Kinojevis Gp (Thol)
Stoughton-Roquemare Gp.

(Kom-Thol)
(2714 +/- 2 Ma)

Kidd Creek Rhyl-2717 Ma

Upper Deloro Fm (C.A.)
(2727 +/- 1.5 Ma)

Hunter Mine Gp. (C.A.)
1.(2713+4/-2 Ma)
2.(2730+4/-1.5 Ma)

Supergroup II
Middle Deloro Fm
( Thol )
Lower Deloro Fm
(Kom-Thol)
Supergroup I

Pacaud Gp. (C.A))
(2747+/-2 Ma)

* Timiskaming Group as young as 2677 +/- 2 Ma (Jackson and Corfu, 1991).
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The calc-alkaline upper member of the Deloro Group in Timmins, and the felsic volcanics
in the Kidd Creek area have been correlated tentatively with the lower and upper portions of
the calc-alkaline Hunter Mine Group in the Harker-Holloway area. The lower komatiitic to
tholeiitic, middle tholeiitic, and upper calc-alkaline members of the Tisdale Group in Timmins
are roughly time correlative with, respectively, the komatiitic to tholeiitic Stoughton-
Roquemare Group, the tholeiitic Kinojevis Group, and the calc-alkaline Blake River Group
in the Harker-Holloway area (Map 1.5.1). Both komatiite through calc-alkaline suites were
produced between about 2717 and 2698 Ma (Nunes and Jensen, 1980; Barrie, 1989; Corfu
et al, 1989).

1.5.2 Kinojevis Group

The study area in Harker Township lies within the Kinojevis Group volcanics
(Satterly, 1951; Jensen and Langford, 1985). These form part of the north limb of a very
large regional feature, the Blake River Syncline (Map 1.5.2). The north limb section consists
of a volcanic "supercycle" (Jensen and Langford, 1985) from the basal komatiitic to tholeiitic
Stoughton-Roquemare Group through the tholeiitic Kinojevis Group to the upper calc-alkaline
Blake River Group. The section was formed between about 2714 +/-2 Ma and 2701 +/-2 Ma
(Nunes and Jensen, 1980; Corfu et al, 1989), age dates from the base of the Stoughton-
Roquemare Group and the top of the Blake River Group respectively.

The Kinojevis Group in Harker Township is an approximately 10 km wide section of
south-facing, southwest-northeast trending, alternating Mg and Fe tholeiitic basalt successions
which are locally differentiated to intermediate and minor rhyolite flows. Interflow sediments
are rare. Commonly, flows of Fe tholeiitic affinity are moderately to very magnetic and are
easily distinguished from the Mg tholeiities on regional airborne magnetic survey maps. The
units of the Kinojevis can be very thick and laterally appear to be unusually continuous often
extending 10’s of kilometres. Individual flow morphology commonly progresses from
brecciated and hyaloclastitic flow tops to pillowed and fine grained, vesicular (and often
variolitic) parts to gradually more coarse grained massive parts (gabbroic textured in places)
to a well defined chill margin at the base. It appears that the Kinojevis Group was produced

completely in a submarine environment as there is no evidence of subaerial volcanism. The
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preservation of primary textures in the Kinojevis Group is quite remarkable owing to the low
grade of metamorphism and lack of deformation. The thickness of the Kinojevis Group has
been interpreted to be due to simple stacking of voluminous flows (Jensen and Langford,
1985). However, there may be significant stratigraphic repetition if thrust faults are present
as proposed recently by Jackson and Harrap (1989) for the Catherine Group south of Kirkland
Lake, Ontario.

There are several intrusive bodies of rock in the region. The largest of the nearby
intrusions is the Harker "syenite" stock located in the northeastern quadrant of Harker
Township. As described by Satterly (1951), this is a oblong shaped (long axis northwest-
southeast), magnetic body composed of pink to red syenite of variable grain size (up to
pegmatitic), and commonly containing finely disseminated specular hematite. In the southeast
corner of the township, there is a small stock of coarsely porphyritic syenite, which contains
epigenetic gold mineralization. Both of these intrusions are characterized by high Na,O
content. A large gabbroic intrusion is found in the north central part of the township, with
a smaller outlier to the east. Numerous lamprophyre and feldspar porphyry dykes occur
throughout the region, especially in areas of shearing and alteration.

Metamorphic grade in the Kinojevis Group is generally quite low for Archean rocks.
Facies range from prehnite-pumpellyite to lower greenschist. Characteristically the rocks of
the Kinojevis Group are medium to dark green, to almost black, due to the prevalence of
chlorite and actinolite-uralite in the lower greenschist facies assemblage. Typically, the darker
the colour the more Fe-rich the rock. Overall, prehnite-pumpellyite facies rocks are a lighter
shade of green (ie: MDiarmid Lake area). Plagioclase is commonly light green due to
alteration to albite, epidote, calcite and minor chlorite. Epidote also occurs in fractures and
tiny veinlets and their corresponding envelopes. Spilitization of the flows was probably
widespread and most plagioclase is albite. Minor contact metamorphic effects can be found
in proximity to the larger intrusions in the area.

In general, the Kinojevis Group is a homoclinal sequence with only minor warping
of the units along strike (due to minor offset on crossing faults). Local folding of the volcanic
strata is evident, as interpreted from the airborne magnetic data, in the vicinity of intrusions.

Foliation is present only locally and it is weak where it is observed. Discrete faults are
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present throughout the section, generally occurring as narrow zones of brecciation and
fracturing of the host rocks with some foliation developed. These faults are subparallel to the
stratigraphy, commonly following flowtops and other more easily deformed portions of the
flows. Structures oriented close to north-south are common, generally offsetting stratigraphy
a few metres to several hundred metres at most. The Destor-Porcupine Fault Zone (DPFZ)
crosses the north half of Harker Township in an east-west manner. Close to this deformation
zone the rocks of the Kinojevis Group exhibit more complex structure with some folding and
overturning of the stratigraphy.

Several gold deposits occur in the vicinity of the study area in Harker Township. The
region has been known as a centre of gold mineralization since the early 1900’s. Many of
these early discoveries were described in a report by Knight (1924). Satterly (1951) also
described these showings, as well as later discoveries, in his report on Harker Township.
More recently, mining companies have rediscovered the Harker-Holloway area leading to new
developments in the 1980’s, such as the Holt-MDermott Au Mine of American Barrick
Resources. This deposit is situated on a fault zone, subparallel to volcanic stratigraphy within
the Kinojevis Group (Workman, 1986). The fault zone appears to be a splay from the DPFZ.
The Holt M*Dermott deposit consists of a narrow but very extensive tabular body of
brecciation, alteration. and mineralization containing ore bodies over several kilometres of
strike length. The wall rock alteration associated with ore is characterized by albitization,
hematization, and pyritization. This is similar to other deposits of note in the area including
the presently developing Lightning zone, which is just north of the Holt-M*Dermott Mine
within the DPFZ. The Golden Harker deposit (Satterly, 1951), in southeastern Harker

Township, and several other small prospects in the area also have similar characteristics.

1.5.3 Timmins Area
Due to its stature as a major gold producing camp, the Timmins area (Porcupine
Mining Camp) has been studied extensively through its history. Ferguson (1968) and Pyke
(1982) have provided comprehensive syntheses of the regional geology, while Davies et al
(1979), Davies and Whitehead (1980), Mason and Brisbin (1987) and Piroshco and Kettles
(1988) and have dealt with volcanic geochemistry, stratigraphy, and structural history
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respectively. Hodgson (1983b) has reviewed the structural and geological aspects of the

development of the camp. Other studies have focused on the ore deposits and their relations
to the history of the camp (Wood et al, 1986; Mason and Melnik, 1986; Burrows and
Spooner, 1986).

All bedrock in the Timmins area is of Archean age except for north-south or
northeast-southwest trending Proterozoic diabase dykes (Map 1.5.3). Volcanic rocks are
divided into two groups, the lower Deloro Group and upper Tisdale Group (Pyke, 1982).
These two groups have been subdivided into three formations each. The Tisdale Group is the
dominant formation in the Porcupine Camp. It consists of a lower komatiitic through tholeiitic
member, a middle tholeiitic member, and an upper calc-alkaline member. The lower
formation of the Tisdale group consists of peridotitic and basaltic komatiites at the base
grading upwards into magnesium and, finally, iron tholeiites. The tholeiitic portion of this
lowermost member corresponds to the Northern and Central subgroups of Ferguson (1968;
see also Mason and Brisbin, 1987) as outlined in Table 1.5.2. The middle formation is
dominantly made up of flows of iron-rich tholeiitic basalts. Variolitic basalts form a
significant portion of the lowér to middle parts of this member corresponding to the Vipond
subgroup of previous workers (Ferguson, 1968). The uppermost member of the Tisdale
consists of felsic calc-alkaline pyroclastic rocks, referred to as the Krist Fragmental by
Ferguson (1968). Continuity of some of the units of the Tisdale Group is quite remarkable.
In particular, the variolitic units of the Vipond subgroup have been traced over 30 km of
strike length through the Porcupine Camp (D. Brisbin, pers. com.). Total thickness of the
Tisdale Group as exposed in the Timmins area is about 5000 metres. Sediments, time
equivalent to most of the volcanic séquenccs, form the up to 300 metre thick Porcupine
Group. Younger, Timiskaming-style sediments unconformably overly the Porcupine sediments
and the upper members of the Tisdale Group volcanics. These are generally conglomerates
grading to thin and thick bedded greywackes and argillites (Ferguson, 1968). The locations
of the small felsic intrusions in the area are apparently related to the major structural features.
The intrusions are of various types, dominanted by quartz-feldspar and feldspar porphyries
(Ferguson, 1968). Feldspar phenocrysts are albite or oligoclase. The intrusions are normally
grey coloured on fresh surface, pink to reddish where altered and weathered. Generally they
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Table 1.5.2: Archean volcanic and sedimentary stratigraphic nomenclature in the Timmins
area as designated by Ferguson (1968) and Pyke (1982).

Ferguson Pyke
Younger Sediments Timiskaming Sediments
Unconformity
Porcupine Group Sedments | Porcupine Group Sediments
Transitional and Lateral Facies Contact
Krist Fragmental Upper Volcanic (C.A.) Fm
Gold Centre Subgroup
Vipond Subgroup Middle Volcanic (Thol.) Fm
99 Flow 99 Flow | Tisdale Group
Central Subgroup Lower Volcanic (Kom. to
Northern Subgroup Thol.) Fm
Upper Volcanic (C.A) Fm
Middle Volc. (Thol.) Fm
Lower Volcanic (Kom. to Deloro Group
Thol.) Fm

are quite altered, to sericite and quartz, and have evidence of recrystallization and, perhaps,
tectonic brecciation during their development. Albitite dykes occur in association with the
porphyries of the M‘Intyre-Hollinger complex. They are later than the porphyries and are
quite important to the understanding of age relationships in the mines as they are crosscut by
mineralized veins (Ferguson, 1968). Age dates, summarized by Corfu et al (1989), constrain
the formation of the Tisdale group volcanics previous to 2698 +/-4 Ma. The albitite dykes,
which are the latest intrusive rocks predating mineralization, give a precise date of 2673 +6/-2
Ma (Corfu et al, 1989).

The volcanic rocks in the Timmins area have been metamorphosed to greenschist
facies (Ferguson, 1968): plagioclase has been altered to albite, chlorite, calcite, and epidote;
mafic minerals converted to amphibole with associated chlorite and epidote; and oxides
changed to leucoxene. In addition, Ferguson (1968) has noted a widespread carbonatization
of the volcanic rocks. The presence of calcite or dolomite is commonly associated with
penetrative deformation. These zones of carbonatization have linear traces (stratabound?) and
are developed around prominent structures (Karvinen, 1981; Fyon and Crockett, 1983). The

more altered rocks weather a dark rusty brown presumably due to the breakdown of Fe-rich
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dolomites.

The structure in the Timmins area is more complex than in the Harker-Holloway area
and is described by various authors (Hodgson, 1983; Piroshco and Kettles, 1988). Early
geologists started to unravel the structural history of the camp when they recognized that the
variolitic units were important and continuous marker horizons (see Mason and Brisbin,
1987). One of the earliest events in the history of the Porcupine Camp was the development
of large northeast trending structures such as the Porcupine Syncline and the North Tisdale
Anticline. These are truncated by the unconformity at the base of the Younger sediments.
They are also truncated by early, large faults such as the Dome and Hollinger Faults
(Piroshco and Kettles, 1988). Porphyry bodies were emplaced along these early faults and
related splays. Later folding along northwest-southeast trending axes resulted in an axial
foliation and, locally, extensional vein development. These folds are best represented today
by the South Tisdale Anticline and the Kayorum Syncline. The associated foliation crosscuts
earlier features such as the Dome Fault and the porphry bodies which also appear to be
folded along this northwest-southeast axis. Locally, strong stretching lineations, developed at
the intersection of foliations and other structural components, play an important role in the
Camp. For instance, in southern Tisdale township, prominent 40-60°, northeast to east
plunging lineations match the orientation and distribution of orebodies at the Dome Mine.

The trace of the regional Destor-Porcupine Fault Zone (DPFZ) crosses the area (Map'
1.2.3). From the east, it bends south at Porcupine Lake, around the Dome and Buffalo
Ankerite mines, and west again past the Delnite and Kennilworth mines south of the city of
Timmins and on to Bristol Township, southwest of the city. A wide zone of deformation is
associated with this fault. The Burrows-Benedict Fault crosses eastern Tisdale Township
striking 160-180°, just east of the Dome Mine, offsetting the local geology significantly in
a sinistral fashion (Ferguson, 1968). There may be some rotational movement on this fault
and vertical offset is unclear. This fault forms part of the regional Montreal River Lineament.
Other northwest-southeast trending structures are found which are an important control on
mineralization at the Pamour No. 1 Mine in the east part of the Camp.

The report of Ferguson (1968) contains detailed descriptions, written by the mine
geologists, of all of the more important deposits of the Porcupine Camp. Most ore is
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restricted to the section of the Tisdale Group volcanics between the 95 Flow (upper portion
of the Central subgroup) and the top of the Vipond subgroup. This corresponds generally to
the high iron (and variolitic) tholeiitic section of the Tisdale Group volcanics. Most deposits
are classified as vein deposits in that the ore is contained within, or intimately related to,
veining. Veining is most common in shear zones related to faulting. Vein morphology and
distribution is normally controlled by the response of the host rock to stress. This is
especially true at the contact of variably competent lithologies within shear zones (e.g. vein
formation in pressure shadows at the apices of the felsic porphyry bodies within ductile shear
zones). Alteration zones are observed around individual veins indicating reaction between
fluids and wall rock. The mafic rocks have been carbonatized, sericitized (commonly with
minor chlorite), and pyritized. Disseminated pyritic Au mineralization is common in the
altered wall rock surrounding veins. Minor ore has been recovered as sulphide bodies, or
pyritized zones, usually disseminated mineralization (up to 15% pyrite) in basalts. These
bodies are vein related but may extend up to 30 m from the vein contact (Ferguson, 1968).
Vein mineralogy is dominated by two types; 1) quartz-ankerite, which are the most productive
and have generally intense alteration haloes, and 2) quartz-calcite, which are generally non-
productive, showing minor associated alteration. Other minerals include albite, scheelite,
tourmaline, sulphates, sulphides, tellurides and gold. Most gold is not visible and is contained

in pyrite.
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2. Local Geolo

2.1 Harker Lake Area

2.1.1 Geology of the Harker Lake Area

The study area in Harker Township was explored by Newmont Exploration of Canada
in 1985. Overburden stripping has produced excellent exposure of a section of mafic flows.
A grid which was established for exploration purposes has been used as a base for this study
(Figure 2.1.1). The grid was constructed from a baseline, called BL 10+00N, located just
south of the Cryderman Zone and bearing 065°. Perpendicular lines, bearing 335°, were
surveyed from this baseline every 50 metres both north and south. Both the baseline and grid
lines were measured from a zero point and labelled with increasing distance to the east and
north relative to the orientation of the grid. Labelling of the grid lines is such that Line
14+50E is 1450 metres east from the zero point of the grid. Distances along the lines are
labelled such that 10+45N is a point 1045 metres north of the zero point, or 45 metres north
of the 10+00N baseline. In this manner it is possible to easily reference and locate any point
in the map areas.

The geology of a volcanic sequence containing variolitic flows was examined in two
successive sections (Figure 2.1.1, see also Figures 2.1.2 and 2.1.3). The north part, or base
of the stratigraphic section, is exposed in trenches along Line 14+50E, north of Baseline
10+00N (Map 2.1.1). About 1 km to the east, the south part of the sequence is variably
exposed in outcrop and trenches from Line 24+50E to Line 30+00E, south of Baseline
10+00N to about 7+00N (Map 2.1.2). The western and eastern trench areas combined give
excellent exposure of a 700 metre section. The lava flows form a steeply south-dipping and
facing, homoclinal sequence striking consistently between 065° and 070°. These flows are
continuous along strike, the larger ones correlative over at least 3.5 km. The flows have brec-
ciated, pillowed and massive forms and range in thickness from a few metres to 50-60
metres. A contact exists just south of the study area between Fe and Mg tholeiite sequences

(Figure 2.1.1). The study area is located in the upper portion of the Fe tholeiite sequence, just
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the lower half of the section of stratigraphy examined in the Harker Lake area (see also
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Geologic Legend

Volcanic Rocks
1 - Basalt -
1a, pillow basalt
1b, massive basalt
1c, flow top breccia, hyaloclastite
2 - Intermediate
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2b, intermediate massive flow
2c, flow top breccia, hyaloclastite

v, variolitic texture

s, spherulites in massive flow
Other Rocks
3 - Chert
4 - Lamprophyre-type Dykes

Map 2.1.2: Geology of the
Eastern Trench area, Harker Lake

section.
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below the contact with the overlying Mg tholeiites. The flows of both suites are similar, with
the exception that no variolites were found in the magnesium-rich section.

14+50E Section (Figure 2.1.2):

The base of this section is at 14+00N on Line 14+50E where a variolitic pillowed
basalt is exposed. The pillows have thick (3-10 cm), rusty weathering selvages with abundant
hyaloclastite in the interstices. The varioles are light green and spherical, have sharp contacts
and are variably distributed within pillows. Overlying this variolitic flow, at 13+60N, is a unit
with a thick, coarse-grained massive lower portion. The grain size gradually fines upwards
to aphanitic, variolitic material at about 12+80N. The varioles here are not apparently related
to any pillow forms or flow contacts but rather form a continuous band across the outcrop
surrounding a narrow selvage. They are quite dark in colour and are barely visible in the dark
green rock. Above this variolitic band is a short section of aphanitic, vesicular basalt,
probably close to a flow top.

Across a short break in outcrop, a section of plagioclase-phyric intermediate rock
begins at 12+60N. This is a darkly coloured, weakly magnetic, fine grained rock that is
pillowed upsection. The rock is tough and has conchoidal fracture when broken. It has a
distinctive bluish-white weathered surface. Massive to pillowed rock gives way, at about
12+30N, to an aphanitic, flow-banded rock still containing plagioclase phenocrysts. In
addition, quartz phenocrysts (or amygdules?) are found in this section, The flowbanding is
most prevalent at 12+17N near the upper contact with a pillowed unit. The upper pillowed
unit also contains plagioclase phenocrysts which occur within the pillow interstices and
selvages as well the pillow interiors. This may be a separate unit as the rock is not as tough
and there are no quartz eyes present.

A series of three or four flows with thick massive portions starts at 12+03N and
continues to the south end of the Line 14+450E section. These flows are quite fresh in
appearance, generally darkly coloured with dark green amphibole crystals easily visible in
their coarse grained portions. They are also magnetic. They have narrow, 2-8 m wide,
pillowed and brecciated flow tops which may have weakly variolitic texture locally. The
upper portion of the last flow hosts the Cryderman mineralized zone, and this zone marks the

end of exposure on this section at 10+40N,
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and Non-variolitic flows.
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25+50E Section (Figure 2.1.3):

The volcanic section is exposed on Line 25+50E starting at 10+00N. From here, at
least three massive to brecciated, non-variolitic flows constitute about 100 m of stratigraphy.
Their massive portions are coarse grained, well jointed, magnetic and appear quite fresh. The
upper portions are vesiculated. Brecciated flow tops have highly deformed and unusually
shaped clasts with thick, hyaloclastite-rich interstices (Plate 2.1.1a). The uppermost flow of
this non-variolitic section is apparently the thickest. Although its top contact is not exposed,
it is at least 45 metres wide.

A chert or cherty tuff horizon occurs at the lower contact of the uppermost non-
variolitic flow. This horizon is remarkably continuous and can be traced in outcrop over at
least 500 m of strike as a discrete band, or as disaggregated pods in the interstices of flow
top breccia (Plates 2.1.1b). This horizon extends to Line 14+50E, just south of the Cryderman
Zone. Considering the similarity of the non-variolitic flows in the Line 14+50E and Line
25+50E sections, and the continuity of the cherty horizon, one can correlate the rocks
between the two areas.

A section of massive to pillowed and brecciated flows overlies this non-variolitic
sequence. Spherulitic texture is visible in the massive part of the lowermost flow. Amygdules
are common in the fine grained massive portions of the flows just below the flow top. These
are filled with chlorite, calcite and to a lesser extent pyrite. Varioles are present in the flow
top pillows and breccia material. The flows are magnetic, especially in their massive portions.

The next section of stratigraphy is intermediate in composition. Near the top of the
first flow, two bands of varioles, parallel to stratigraphy, are related to a linear selvage-like
feature in an otherwise aphanitic to fine grained basalt. This texture is similar to that noted
on the 14+50E section at 12+80N. Above this first flow is a section dominated by brecciated
and flow banded lava, indicative of its more felsic nature (Plate 2.1.2). The lower part of this
section is a blocky breccia, consisting mostly of large blocks of material, up to 3 m in
diameter. These are commonly pillow-like in shape, with flow banded spherulitic material,
and hyaloclastite in the interstices. In places the blocks have homogeneous, aphanitic
interiors. Elsewhere, the blocks are essentially composed of hyaloclastite, similar to the

overlying unit. On strike, in the Line 28+00E area, this part of the section is massive to
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Figure 2.1.3: Stratigraphic column for volcanic flows on Line 25+50 E, Harker Lake area. Sample
locations are marked by X, with sample number adjacent.
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Plate 2.1.1: Non-variolitic Flows, Harker Lake area: a) Example of hyaloclastite in flow top
breccia (near H-24). Field of view is approximately 1 m. b) Cherty material
occurring in flow top breccia and at upper contact of flow (L 29+50E). Arrow
on scale indicates the flow top.
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Plate 2.1.2: Flowbanding in the blocky, variolitic breccia, Intermediate Variolitic Flows,
L25+50E section. Flowbanding is common in the blocks and their interstices.

Plate 2.1.3: Convoluted flowbanding at the contact between the blocky breccia and the
overlying hyaloclastite unit (L 25+50E section). Tops are toward the bottom of
the photo.
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pillowed, similar to the first flow. The upper contact of this lower section is extremely
convoluted, having thin flow-banded layers of felsic, spherulitic material (Plate 2.1.3).
Tongues (5-7 m wide), consisting mostly of large varioles, extend from the blocky breccia
into the overlying hyaloclastite breccia.

The upper portion of the intermediate section is a thick, magnetic, hyaloclastite breccia
(Plate 2.1.4a) of remarkable continuity, traceable the entire 500 m across the eastern map
area. The hyaloclastite is between 10 and 20 metres thick and is characterized by fragments
of layered rock ranging in size from a few centimetres to a couple metres (Plate 2.1.5). These
fragments are highly convoluted and commonly show wispy or ragged borders. The layers
are composed of dark, magnetite-rich, and light coloured, plagioclase spherulite-rich bands.
The fragments are supported by a matrix of tiny glassy shards altered to chlorite and
magnetite with resistant glassy margins. Locally, near the upper contact of this hyaloclastite
unit, the alteration surrounding cooling cracks forms a distinctive interconnected pattern (Plate
2.1.6a). The upper contact is extremely flat over large distances (Plate 2.1.4b). The upper 50
cm is a lighter grey colour than the rest of the flow and has a subtle foliation (Plate 2.1.6b).
This is interpreted to be due to weathering and subsequent compaction due to the overlying
flow.

Near Line 24+50E, at 8+40N, trenching has exposed a small occurrence of massive
rock within the hyaloclastite flow. This rock is dark grey to black, amygdaloidal, and quite
tough. It has conchoidal fracture, and contorted grey and black laminations are visible. The
rock is magnetic especially in proximity to the dark laminations. It is interpreted to be a
- massive equivalent to the hyaloclastite breccia described above.

Only the massive basal portion of the uppermost flow on this section is exposed, from
8+18N to 7+80N on Line 25+50E and between 8+10N and 7+10N on Line 28+00E. The rock
is homogeneous, dark green, medium to coarse grained with prominent jointing and is quite
magnetic. This flow must be very thick as 100 metres are exposed with no indication of an
upper contact. Because the upper contact is covered, the unit could be interpreted to be a
large sill. However, the perfectly conformable nature of the lower contact, and the lack of
other sills in the vicinity, indicate it is most likely a flow.

Within the chill margin at the base of the upper massive flow a weak foliation, or
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Plate 2.1.4: Hyaloclastite breccia unit: a) General texture, pock-marked appearance is due to
the weathering of hyaloclastite clasts with resistant, glassy rims. b) Upper
contact is quite smooth, possibly due to compaction (L28+00E area). The
geology marked on the photo is: 2c, intermediate hyaloclastite breccia, 1b,
massive basalt flow. Tops are to the left.

Plate 2.1.5: Layered fragments in the hyaloclastite breccia unit. Dark layers are very
magnetic, composed dominantly of magnetite. Convoluted appearance is a
primary feature.



46




47

Plate 2.1.6: Textures characteristic of the top of the hyaloclastite breccia unit: a)
Interconnected pattern, formed by alteration along cooling cracks(?). Scale marks
the top of the flow. b) Alignment of fragments (weathered-out spots) at upper
contact, possibly caused by compaction. Upper contact of the flow is at the base
of the hammer handle.
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layering, is developed possibly due to mineral alignment. Although this is most easily noticed
in the base of this flow, it is present in other flows near the top of the section (e.g. sample
H-56, Map 2.1.2a).

2.1.2 Structure

The rocks in the study area are not deformed. There is no evidence of penetrative
deformation or large-scale folding. Some bands in the more felsic rocks are convoluted,
however, this is due to flow. All flows have tops to the south.

Faults are common in the area. In particular, there are numerous northwest-southeast,
vertical faults with minor associated offset. Generally, these faults have no more than a few
metres horizontal movement and the sense of displacement is dextral in most instances, Other
steep to vertical faults, subparallel to the strike of the volcanic rocks, are related to regional
scale structures of the Kinojevis Group. These are associated with mineralization and
alteration and host late felsic and lamprophyre dykes.

A minor fault was found in the stripped area on Line 28+00E. It cuts the section at
a high but somewhat irregular angle, striking approximately 170° and dipping between 20°

.and 50° to the east. It has no apparent offset and is interpreted to be a splay of the
mineralized fault set.

2.1.3 Metamorphism
The rocks in the vicinity of Harker Lake are metainorphosed to the lower greenschist
facies. Epidote is a common alteration mineral and occurs in patches and envelopes related
to fractures, or veins, or both. Characteristic minerals visible in hand specimen include
chlorite and amphibole, albitic plagioclase, and calcite. Calcite occurs in amygdules and
veinlets.

2.1.4 Mineralization and Alteration
The main mineralized zone in the study area is known as the Cryderman zone
(Satterly, 1951). It crosses about half way through the composite section and marks the south
end of the 14+50E trench (Map 2.1.1). This zone was discovered in the early 1920’s and has
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undergone sporadic exploration ever since. Initial descriptions of the zone called it a
mineralized rhyolite due to its apparent siliceous nature (conchoidal fracture, light colour,
hardness). The zone is centred on a structure, the Cryderman Fault, which is subparallel to
the volcanic stratigraphy, striking across the area at 067°. The Cryderman zone is best
developed between Lines 13+00E and 20+00E, coinciding with the area of best exposure due
to extensive trenching. True thickness of the zone as measured in drill sections, ranges
between 7 and 15 metres. Alteration and mineralization declines substantially outside the
section between Lines 13+00E and 20+00E, although the zone is continuous as a weakly
altered fault.

In the main section of the Cryderman Zone, most alteration and mineralization is in
the footwall to the fault. The host rocks to the zone are typical non-variolitic Fe tholeiites of
the study area. The alteration halo is marked by intense fracturing of the host rocks up to 15
metres from the fault which coincides with a colour change from dark green to dark purplish
grey. The colour change is due to pervasive calcite and fine grained, hematite alteration.
Quartz-calcite veinlets fill the fractures. Further in, towards the core of the zone, specular
hematite-quartz veinlets become more prevalent and calcite diminishes in abundance with
respect to other carbonate minerals. Bleached patches of rock with associated pyritization (up
to 20%) and gold mineralization are quite common. Quartz veins and stockworks occur at the
edges of, and in the central fault. Only at the very core of this zone is there any indication
of foliation associated with the faulting. Hematite, quartz and pyrite are common in the fault
breccia. Large, discontinuous, milky quartz veins found throughout the alteration zone seem
to be later features and are sparsely mineralized with chalcopyrite, galena and pyrite with
very little gold (Plate 2.1.7).

Gold mineralization within the Cryderman zone is commonly of ore grade
concentration, however, it is also quite sporadic and as a result significant tonnages have not
been outlined. Nonetheless, values up to 37 g/T over a metre are found in surface sampling
of the zone.

Another small zone, similar to the Cryderman zone, is located about 125 m north
within the study area. The intensity of alteration and gold content is considerably less here,

although the zone appears no less continuous. A hornblende porphyry intrusive, which is
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Plate 2.1.7: Large, late, milky quartz veins, usually containing chalcopyrite and galena,
common in the Cryderman Zone (looking southwest from about 16+00E).
Dashed line marks Section I (see Fig. 3.1.2), and is about 15 m long. White lines
are the late, milky quartz veins. The main mineralized zone is the gossanous
part, to the right of the large quartz vein on the left end of the dashed line.

Plate 2.1.8: Cross-section, looking east, through the alteration zone in the upper massive flow,
Line 28+00E area. Zone is dipping away at about 25°. Dark green, unaltered
rock is visible in the foreground (e.g. sample H-29). The core of anastomosing
quartz veins is visible in the upper part of the photograph (e.g. sample H-55).
Notebook is approximately 20 cm long.
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variably altered and locally mineralized, is found within this zone.

The large stripped area on Line 28+00E contains a small mineralized structure which
appears to be a splay from the Cryderman zone (Map 2.1.2). This zone has the alteration and
mineralization characteristics of the Cryderman zone but to a much lesser degree. It crosses
the variolitic intermediate and upper massive flows at a high angle, striking about 170°
overall. Veining and fracturing follow two main orientations (170°/20-50°E; 130°/25°NE) in
the zone. Alteration is variable, spreading out in more permeable rocks such as flow top
breccias. This is especially noticeable where it crosses the hyaloclastite unit. In the uppermost
flow, south of the hyaloclastite, the zone branches out into an anastomosing network of quartz
veins (Plate 2.1.8). The true thickness of the zone reaches about 8 metres and the intensity

of alteration and pyritization also approaches that in the Cryderman zone in this area.
2.2 Dome Mine Area

2.2.1 Geology of the Vipond Subgroup

The rocks in the vicinity of the Dome Mine, are composed of a relatively homoclinal
section extending from the Deloro Group in the south, across the Destor-Porcupine Fault
Zone, through all the members of the Tisdale Group to the Porcupine Group sediments (Fig.
2.2.1). The Younger Sediments (Timiskaming-style) are also included in this section. This
north-facing section forms the north limb of the South Tisdale Anticline or, alternatively, the
south limb of the Porcupine Syncline. The volcanic stratigrapic nomemclature is complex in
this area. Figure 2.2.2 compares and correlates the subdivisions of the volcanic flows and the
various names given to them. In the Dome Mine, the Greenstone Nose is a section of
volcanic stratigraphy, bounded on the east by an unconformity (Figure 2.2.1). Flows, striking
slightly north of east, encounter this termination with no evidence of folding or facies change.
The section of stratigraphy found in the Greenstone Nose is marked on Figure 2.2.2 and has
its own distinctive nomenclature which is used at the mine. The upper contact of the lavas
in the mine sequence is marked by a 10 m thick section of sheared carbonaceous sediments.
The "Sedimentafy Trough" contacts the Greenstone Nose to the south and, at shallow depths,

to the west. Recent work (Pirshco and Kettles, 1988) indicates this is an intrusive breccia
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Figure 2.2.2: Stratigraphic columns correlating units from the Dome Mine and Porcupine Paymaster
sections. Symbols represent locations of samples used for geochemical plotting (Chapter 4).
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rather than a structurally confined sedimentary basin. Intrusive porphyry bodies are present
in the area as well. They are spatially related to the Dome Fault, the main structural break
in the vicinity. Associated with the Dome Fault and porphyry rocks are a group of highly
altered and carbonatized, ultramafic rocks. Another group of tholeiitic volcanics, termed the
South Greenstones, are located south and east of the fault. These flows represent the Mg-rich
section of the Central Subgroup. The South Greenstones are bounded to south by the Destor-
Porcupine Fault Zone.

Broad scale mapping of the local geology and the units of the Dome Mine was not
done since the geology is very well known from earlier work. The geological descriptions
which follow are based on the sections which were directly examined in the field and at the
Dome Mine and as such are quite restricted in their scope. They are not intended to represent

all the characteristics of the variolitic suite in the Timmins area.

2.2.1a Porcupine Paymaster Section

The Porcupine Paymaster section (Map 2.2.1) begins on the south side of the back
road between Timmins and South Porcupine, about 1.4 km west southwest of the No. 3 shaft
of the Dome Mine. North of the road the section follows a hydroline clearcut northeast for
approximately 500 m. Several Timmins area field trip guides include this location for its
excellent exposure of the Vipond Subgroup with its well known variolitic marker horizons
(Pyke, 1978). The rocks are moderately foliated and pervasively carbonatized. A steep
easterly plunge is present along the intersection of foliations, especially noticeable by
elongation of varioles throughout the section.

On the south side of the road there are several outcrops of the uppermost flows of the
Central subgroup. They are pillowed, dark green, non-magnetic basalt with tiny (1 mm or
less) chlorite-filled amygdules and fine specks of leucoxene. Crossing the road to the
powerline, the first outcrop encountered is a variolitic pillowed unit. This is presumably
stratigraphically above the massive 99 Flow (not exposed, or not present here) which
generally marks the lower contact of the Vipond section (and Pyke’s middle Tisdale member)
as well as the V8 subunit of the Vipond. The pillowed unit is approximately 40 metres wide
in plan. The rock is strongly foliated though relict fibro-radial texture is still visible in some
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Map 2.2.1: Geology of the Porcupine Paymaster Mine section (after, Pyke, 1978).
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varioles. Varioles tend to be concentrated around the margins of pillows which have dark
green, aphanitic interiors. Generally, the unit is non-magnetic. Above this pillowed unit is a
massive flow, about 50 m wide, with a vesicular upper portion and a hyaloclastitic flow top.
This unit is magnetic and calcite occurs as distinctive speckles throughout the rock. The flow
top is also distinguished by a narrow discontinuous cherty layer.

The next unit is a variolitic pillowed basalt which is characterized by large pillows
(up to several metres in length) with coalesced, layers of varioles near their margins.
Commonly the varioles also coalesce towards the core of the pillows. The varioles appear
siliceous and have a purplish caste, rather than a creamy white colour. Overlying this unit is
another variolitic pillowed section which is characterized by more evenly distributed and less
prominent varioles (Plate 2.2.1). They are light grey to green and may have ragged borders.
The matrix to the variole material in this flow is magnetic whereas the previous flow is non-
magnetic. Overall, these two pillowed units cover about 30 metres of section.

At the top of the pillowed section is a sharp contact with massive lava which
continues to the end of the outcrop. Across a roadfill the outcrop is again variolitic pillowed
rock with a brecciated, hyaloclastitic flow top. The upper contact of this unit marks the upper
limit of the V8 subunit.

The V10 subunit outcrops 20 to 30 metres north. It consists of massive to variolitic,
brecciated flows approximately 90 metres thick. The lower part is a massive basaltic or
intermediate rock, non-magnetic, quite fine grained and homogeneous in appearance. This is
overlain by a fairly wide section of pillowed and brecciated material, characterized by broken
varioles. The upper contact of the variolitic section is usually marked by a characteristic
texture, called "ropy texture" (Plate 2.2.2), which is very similar to that noted at the top of
the hyaloclastite unit in the Harker section described previously.

Sampling on this section was extended into the lowermost flow of the overlying Gold
Centre Subgroup. This unit is a massive to pillowed unit of amydaloidal lava, generally dark

green, aphanitic and non-magnetic. The amygdules consist dominantly of chlorite.
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Plate 2.2.1: Scattered varioles in pillow basalt, V8 subunit of the Vipond Subgroup, Porcupine
Paymaster Section (near P89-06).

Plate 2.2.2: Characteristic "ropy texture" at the uppermost contact of the V10 subunit, Vipond
Subgroup, from the Porcupine Paymaster section (near P89-10). Note similarity
to texture in Plate 2.1.6a.
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2.2.1b Dome Mine Section

Rocks at the Dome Mine were sampled on 5 different levels and within the
Greenstone Nose only (Maps 2.2.2 to 2.2.6). The South Greenstones are not part of the
variolitic section. The sampled section includes rocks of the upper Central Subgroup through
to the Gold Centre Subgroup, similar to the Paymaster section. Terminology used for the
mine stratigraphy is very different and some minor stratigraphic differences exist between the
two sections, as seen in Figure 2.2.2, but overall they are easily correlated. Throughout the
Dome Mine the intensity of deformation and alteration is quite high except in a few minor
enclaves of relatively undeformed rock such as at sample D89-21 in the 99 Flow (Map 2.2.5).

The lowermost unit sampled in the Dome is the Lower Amygdaloidal Pillow Lava
(LAPL). This flow is similar in stratigraphic position and description to the upper flow of the
Central Subgroup as sampled on the Paymaster section. The unit is massive to pillowed,
greyish to buff coloured due to carbonatization and, generally, contains carbonate-quartz
amygdules and tan coloured leucoxene. The southern limit of the LAPL is usually cut off at
the "sedimentary trough" so true thickness is difficult to determine.

The Lower Spherulitic Flow (LSPL) occurs immediately above the LAPL and is the
lowest variolitic unit in the mine sequence. According to Mason and Brisbin (1987) there is
a massive flow base to the LSPL which may correlate with the 99 Flow as designated
elsewhere in the camp (Figure 2.2.2). The LSPL is generally about 45-60 metres thick,
containing variolitic pillowed lava with the varioles commonly coalesced. Massive portions
of this flow, such as on 2900 Level, are quite magnetic.

Above the LSPL is the 99 Flow, as designated by the mine geologists. As pointed out
by Mason and Brisbin (1987), this unit seems to correlate better with the first massive flow
north of the road on the Paymaster section than with the 99 Flow as recognized elsewhere
in the camp. The 99 Flow in the Dome Mine is generally massive, with a coarse grain size
common. It is consistently in the range of 25-40 metres thick and is magnetic. There are tiny,
chloritic(?) amygdules present locally in the upper portion of the flow.

The Broken Spherulitic flow is usually found above the 99 Flow at the Dome Mine.
It is between 15 and 25 metres thick, normally pillowed, and characterized by varioles which

. have apparently been brecciated. Leucoxene is commonly visible in the foliated matrix to the
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varioles. The stratigraphic position of the Broken Spherulitic Flow is not always consistent,
at least as it has been mapped. On most levels in the mine it is found immediately overlying
the 99 Flow, however, on the 1200 Level it is below the 99 Flow. Also, in places it may be
indistinguishable from the overlying Key Flow. Discontinuous units and anastomosing flows,
common in lava piles, may be the cause of the confusion.

The Key Flow is a 50-70 metre wide section of dominantly pillowed variolitic lavas.
The pillows are commonly quite large. The varioles are large, cream to grey in colour and
variably distributed. Above the Key is the Spherulitic Flow which is both pillowed and
brecciated. It is between 25 and 30 metres thick and marks the upper contact of the V8
subunit within the Dome Mine stratigraphy. The Spherulitic Flow is characterized by "flowy
texture”, a mine term used to described lightly coloured, lensy siliceous material, which is
possibly flow banded. A narrow, white coloured band of rock commonly occurs at the base
of the unit (Ferguson, 1968).

The V10 subunit is defined at the Dome by two main units; the Andesite and the
Dacite Flows. Both of these units are massive to pillowed, and usually variolitic. The upper
contact of the Dacite has the characteristic "ropey" texture noted at the top of the V10 section
at the Porcupine Paymaster Mine and elsewhere in the Camp. Each of these units ranges from
30 to 50 metres in thickness. Massive portions of the flows are generally fine grained and
homogeneous in appearance. They may be weakly magnetic.

The uppermost unit sampled at the Dome is the lowermost flow of the Gold Centre
Subgroup, which is termed the Amygdaloidal Pillow Lava (APL) at the Dome Mine. This
flow marks the start of the Northern series of volcanics in the mine which are less important
as ore hosts. The APL is characterized by carbonate, chlorite, and pyrite filled amygdules.
The rock is light grey to buff in colour due to alteration of its aphanitic groundmass. There

is no evidence of any unconformity or other discontinuity separating the rocks of the Vipond

and Gold Centre Subgroups.

2.2.2 Structural Geology
The geology in the vicinity of the Dome Mine is characterized by a homoclinal

sequence of volcanic rocks cut by porphyritic intrusions and faults (Ferguson, 1968).
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Structural elements include foliation and stretching lineation imparted by regional folding
events. The structural setting of the Porcupine Paymaster and Dome Mines is very important
to the localization of ore (Roberts 1987). The attitude and morphology of the Greenstone
Nose and its associated altered and mineralized rocks are related to these regional structural
constraints (Figure 2.2.3). Also, mineralization is commonly associated with shearing related
to local splays from the Dome Fault.

The Dome Fault, a major northeast-southwest trending fault, passes through the mine.
The fault zone hosts the Highly Altered and Carbonatized rock units of the mine. In the
vicinity of the Greenstone Nose this fault is subparallel to the Destor-Porcupine Fault,
however, it joins the DPFZ to the south of the mine area. The abundant alteration and
mineralization present in this fault zone suggests that it was formed previous to the
mineralizing event. Mineralization at the Dome Mine is associated with splays from this fault.
The Burrows-Benedict Fault is encountered on the eastern flank of the deposit, near 3900 feet
in depth. Numerous late faults, having offsets up to 50 or 60 metres, and various orientations,

are present in the area.

2.2.3 Metamorphism
The general metamorphic assemblage in the Dome Mine area consists of chlorite-
amphibole-plagioclase-carbonate-epidote-oxides and is characteristic of greenschist facies
rocks. The carbonate is a product of the alteration associated with the development of the
regional foliation. Chloritization is also associated with this regional event. Details of the

assemblages and alteration are discussed in Chapters Three and Five.

2.2.4 Gold Deposits
One million, two hundred thousand ounces of gold were produced from the Porcupine
Paymaster Mine, chiefly from the No. 5 shaft area located in the northwest part of the
property immediately west of the sampled section (Figure 2.2.1). The ore at the Porcupine
Paymaster is concentrated in veins in dilatent zones near the Paymaster porphyry and along
structures subparallel to the volcanic stratigraphy (Ferguson, 1968). Large, continuous veins

are in the massive portions of flows, whereas anastomosing stockworks are in the less
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competent flow tops. Most of the ore is in the upper Central to upper Vipond subgroups,
especially the lowermost variolitic and massive flow of the Vipond (LSPL at the Dome
Mine). Another important ore host is the upper contact of the V8 subunit with the V10
subunit.

Gold production from the Dome Mine is approaching 12 million ounces. The mine
has ore in most every rock type present save the late diabase dykes (Figure 2.2.3). Structural
control of the ore is most important. Most ore bodies either have severely strained host rocks
(e.g. ankerite veins) or fill voids produced by the response of the host rocks to stress (e.g.
dacite ore). The main structures are continuous and crosscut most contacts, including the
unconformity at the Greenstone Nose. A great deal of the ore at Dome is concentrated in an
area near the outline of the Greenstone Nose. This may in part be due to the chemical
contrast between the volcanic rocks of the Nose and the sedimentary and sedimentary-type
rocks surrounding it. Production from volcanic rocks is largely restricted to the Vipond
sequence of the Greenstone Nose. In particular there are two main styles of mineralization
in the Greenstone Nose (Ferguson,1968); the "ankerite veins", generally in the less competent
flow tops of the V8 subunit, and, the dacite ore, large lenticular ore bodies consisting of en-
echelon quartz veins with well mineralized wall rocks.

Ankerite veins consist of massive ankerite to mixtures of ankerite stringers with
altered wall rock. They crosscut flow contacts at acute angles, not more than 20°. Quartz
occurs in these zones as ladder veins and is usually associated with higher gold
concentrations. These ore bodies contain up to 5% pyrite and/or pyrrhotite and some native
gold. Although the ankerite veins cross the greenstone-sediment contact, they die out quickly
suggesting that the sediments may inhibit their formation. Narrow, less than 1 m wide,
alteration zones of bleached basalt containing disseminated Fe sulphides usually surround the
ankerite veins. The en-echelon dacite ore bodies occur within the massive parts of the V10
subunit. Quartz veining makes up about 20% of these ore bodies. They are surrounded by
large, commonly coalesced, alteration haloes containing fine grained, disseminated sulphides,
generally about 3% pyrite and pyrrhotite.

Native gold and tellurides occur in the quartz veins. Gold is always associated with

Fe sulphides, however, the converse is not always true. Other sulphides, such as, chalcopyrite,
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sphalerite and galena are also present in minor quantites and commonly indicate higher gold
concentrations.

Wall rock alteration associated with mineralization in the mafic volcanics chiefly
involved the breakdown of ferromagnesian minerals, Fe-Ti oxides and plagioclase combined
with the addition of CO,, K and S. This combination resulted in the formation of carbonates,
sericite and Fe sulphides which comprise the most common metasomatic minerals. In addition
there is evidence of reduction of the oxidation state of iron towards the mineralized zones
(Fryer et al, 1979). Tourmaline is a common component of both the veins and altered wall
rocks at the Dome.

2.3 MDiarmid Lake Area

2.3.1 Stratigraphy of Sampled Section

In Marriot Township, a section of variolitic flows representing the least altered rocks
of the study were examined and sampled. This section is on the northwest shore of
MDiarmid Lake very near the upper contact of the tholeiitic Kinojevis Group with the
overlying calc-alkaline Blake River Group (Jensen, 1978). These flows are exposed over an
area of about 60 m by 50 m and form an undeformed, southfacing succession striking about
060° and dipping steeply north. There is no evidence of any strong structural influence in this
area, such as penetrative foliation or folding. Delicate textures, and even volcanic glass, are
well preserved at this locality.

The section sampled at M°*Diarmid Lake includes parts of at least three flows. None
of the flows are magnetic and all are a light to medium green colour. The upper part of the
lowermost flow is variolitic and pillowed. These pillows are quite large (up to 1.5 m
diameter) with the varioles in layers near the pillow rims and apparently coalesced towards
the centres. Hyaloclastite is abundant in the pillow interstices but not so at the flow top,
which is quite narrow. The next flow is mostly massive with variolites visible at the contact
between the massive portion and a fairly wide hyaloclastitic flow top. The massive portion
contains ample spherulites, which are distinguishable on the weathered surface. The

spherulites are visible mostly near the top of the massive portion. The top of this unit occurs
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at the edge of the lake and the section is continued about 25 m east on a small island.

On the island, the northernmost flow is a repeat of the extreme upper section of the
first flow on the mainland. The next flow is also repeated. Here a better view of the extent
of spherulites with depth in the flow is found. It appears that the spherulites are well
developed only about 3/4 the way through the flow (6.0 m from the hyaloclastite contact).
Only the lower part of the uppermost flow on the island is exposed. The exposed section is
strictly massive with no other textures noted other than a basal chill margin.

2.3.2 Metamorphism and Alteration
The metamorphic grade appears to be quite low in these outcrops judging by the well
preserved original textures. The prevalence of epidote over chlorite suggests that this area
may belong to the lower greenschist facies. There is apparent silicification of the matrix of
the hyaloclastite breccias which may be due to seafloor alteration. The preservation of this

feature could indicate an even lower grade than lower greenschist facies.



3. Petrography

3.1 Harker Lake Area

3.1.1 Petrography of the Harker Lake Section

The mineral assemblage of the Harker Lake area is characteristic of lower greenschist
grade and consists mostly of uralite and plagioclase. Also common are chlorite, magnetite,
sphene, epidote (and/or clinozoisite), and quartz. Up to 15% quartz and accessory apatite and
zircon(?) are present in the more felsic flows of the section.

Uralite is a product of the alteration of pyroxene and is ubiquitous in the Harker Lake
section, comprising between 35-50% of any sample. It occurs as large, acicular crystals or
irregular masses in the coarse grained parts of flows and stubby, prismatic crystals in the
finer grained parts. The uralite is a blue or emerald green to greenish yellow, Fe-rich
amphibole. It has low birefringence and, generally, shows no cleavage. Uralite commonly
pseudomorphs primary pyroxene textures (Plate 3.1.1).

Plagioclase generally occurs as small laths and locally skeletal or subhedral twinned
grains. Its present composition is albite. It is turbid and contains inclusions of chlorite,
epidote, quartz and carbonate. Plagioclase spherulites are common in the groundmass of many
flows and are essential components of varioles.

Rocks of the Harker Lake section contain up to 10-15% Fe and Ti-rich oxides and
leucoxene. These minerals form euhedral, and locally skeletal, crystals in some of the more
coarse grained samples and small disseminated blebs in fine grained samples. Rutile is present
in some samples, as very narrow, acicular crystals. Ti-rich oxides have been variously altered
to leucoxene, along internal lamellae and grain boundaries. Microprobe analyses show that
the products of this alteration are very pure magnetite and sphene (Appendix 3.1c).

Chlorite is formed as a result of retrograde metamorphism of uralite and plagioclase.
It comprises up to 30% of a rock depending on the extent of alteration. It does not
pseudomorph the amphibole but rather forms mottled patches which are generally interstitial
to plagioclase, quartz and other groundmass minerals. Epidote occurs disseminated throu ghout

the rocks and in association with fractures and small veins. It rarely makes up more than 3-
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Plate 3.1.1: Uralite pseudomorphs of primary mafic minerals, probably pyroxene:
a) hollow, skeletal, acicular grains (sample H-19, PPL, Long side of view is
approximately 2x mm),

b) banching and acicular crystals, grown in coalesced varioles (H-5c, PPL, 2
mm),

c) partially or completely enclosing sub-hedral to euhedral plagioclase crystals,
sub-ophitic texture (H-9, PPL, 2 mm).
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5% of the rocks. Quartz is present as scattered grains in most samples, generally as an
~ alteration product of plagioclase. In more felsic flows, some quartz is likely a remnant of the
primary mineralogy.

Accessory minerals, apatite and zircon(?), are found in flows of more acidic
composition. Apatite occurs as thin, jointed fibres and small prismatic crystals, which are
most easily distinguished in large grains of plagioclase or quartz where they stand out due
to their high relief. Zircon occurs as small, highly birefringent crystals with high relief can
be detected in chlorite where they have a characteristic dark pleochroic halo. These are
tentatively identified as zircons although they may be other similar minerals, such as
monazite or xenotime (Schandl and Gorton, 1990). The term zircon(?) is used throughout the
thesis in reference to these crystals.

The massive parts of flows are homogeneous, dominated by interlocking plagioclase
laths and acicular uralite. Plagioclase fan spherulites are common in the groundmass of
massive sections of the upper flows. Varioles are characterized by a combination of
plagioclase spherulites, dendritic oxides, and acicular or radiating uralite crystals (Plate 3.1.2).
The amphibole and oxides are more common in areas of coalesced varioles, such as the cores
of pillows. The varioles have sharp boundaries with only minor metamorphic smudging. The
matrix to the varioles is generally composed of felted chlorite and uralite with fine grained
disseminated oxides. The upper part of many flows contain amygdules. These are filled by
chlorite, carbonate, epidote, quartz, pyrite and albite in varying amounts.

Mymmekitic texture is common in this section, especially in the coarser grained parts
of flows (Plate 3.1.3). The texture consists of vermicular intergrowths of albite and quartz
associated with altered plagioclase grains, with a clear "cap" of quartz commonly present. The
development of this texture is interpreted as part of the degradation of plagioclase during
metamorphism and not a primary igneous feature such as similar intergrowths between k-spar
and quartz common in more acidic rocks.

Small veins observed in the section are usually composed of, in order of abundance,
quartz, epidote, calcite and chlorite. Along with some fractures, they commonly have a
narrow (1-2 mm), bleached envelope associated with them, formed by the breakdown of

uralite and Fe-Ti oxides in the host rock.
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Plate 3.1.2: Variole textures:
a) plagioclase spherulites, outlined by fine grained chlorite and leucoxene (H-5a,
X-nicols, 2 mm),

b) rectilinear patterns, formed by oxides and, commonly, acicular uralite (H-16,
PPL, 2 mm),

c) femn-like uralite, after pyroxene (H-5c, PPL, 1.6 mm).
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14+50E Section:

There is a variolitic pillowed flow at the base of the section on Line 14+50E (Map
2.1.1). This flow was sampled in both its pillowed and massive portions (samples H-5 and
H-6). The pillowed section of the flow was examined in a series of three thin sections
progressing from the margin of a pillow to its core. Near the margin are scattered varioles
which increase in concentration and coalesce towards the pillow core. The varioles are
dominantly plagioclase near the margin of the pillow and contain several crystal forms
including axiolitic and fan spherulites. Towards the coalesced core, they are a mixture of
uralite, plagioclase and oxides. In the overlying massive flow, the cores of acicular uralite
grains have been preferentially altered to chlorite. The linear band of varioles found in the
upper part of this flow (or overlying flow?) is similar in mineralogy and texture to the
variolitic pillows described above. This portion of the flow also contains rare plagioclase
phenocrysts.

The rock samples from the phyric section (samples H-35, H-36, H-37, H-3) are
characterized by plagioclase phenocrysts and the presence of greater than 10% quartz (except
in H-3), indicative of their intermediate composition. Commonly, the phenocrysts have
formed small clusters, although there does not appear to be, overall, a glomeroporphyritic
texture. Quartz phenocrysts found in this section are rounded and partially to completely
recrystallized and contain apatite. Flow banding, observed in the field, involved shearing as
indicated by rotation of, and deflection of foliation around, quartz eyes.

The three non-variolitic flows at the southern end of the 14+50E trench (samples H-
38, H-7, H-8, H-9, and H-10) are relatively coarse grained and have very good preservation
of primary subophitic textures (Plate 3.1.1c). Oxides, dominantly Ti-rich magnetite, are
abundant, generally comprising 5 to 15% of the rock. There is no evidence of varioles in thin
section which is consistent with field observations.

The Cryderman zone occurs at the termination of the 14+50E section. The mineralized
zone occupies the upper part of the host flow, so representative samples are from the lower
massive part (samples H-39, H-47 and 45722, from DDH 272-85-16). Overall, this flow is
very similar to the other non-variolitic flows in this part of the Harker Lake section. No

foliation is evident in any of these relatively unaltered samples, despite being less than 10
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Plate 3.1.3: Myrmekitic texture, intergrowths of albite and quartz, especially common in
coarser grained, more evolved flows (H-12, X-nicols, 2 mm).

Plate 3.1.4: Open plagioclase spherulites in the groundmass of massive basalt, from the
Spherulitic Basalt Flows of the Harker Lake section (H-19, X-nicols, 2 mm).
These spherulites are not associated with obvious varioles, as are the ones in

Plate 3.1.2a, and occur in a relatively coarse grained rock.

Plate 3.1.5: Acicular uralite crystals with variable orientations due to growth of the crystals
from scattered nuclei in coalesced varioles (H-16, PPL, 2 mm).
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metres from the Cryderman fault.

25+50E Section:

The non-variolitic flows on the 25+50E section (samples H-20 through 24, Map 2.2)
have similar textures to their equivalent flows at the south end of the 14+50E section.
Overall, these samples are slightly more altered with conversion of uralite and oxides to
chlorite and sphene respectively, especially in the upper flows (samples H-22, H-20). The
narrow chert, or cherty tuff, unit (samples H-21, H-32) is composed mostly of quartz (about
70%) but includes 20% chlorite as disseminated grains. There is 5-8% of a mineral having
some of the optical properties of sphene. Plagioclase may be present but due to the extremely
fine grain size of these rocks, it is impossible to distinguish from quartz.

The overlying section of spherulitic basalt is represented, in stratigraphic order, by
samples H-19, H-18, and H-17. The first flow has a groundmass that is dominated by open
fan spherulites of plagioclase (Plate 3.1.4). Uralite occurs as acicular crystals with epidote-
chlorite altered cores (originally hollow?, Plate 3.1.1a). In addition, uralite occurs, with
oxides, as fine branching crystals in the matrix and interstices of the plagioclase spherulites.
In the massive lower portion of the second flow, plagioclase occurs as randomly oriented
laths rather than spherulites. The laths are commonly skeletal, have curved outlines, and occur
in a very fine grained groundmass made up of altered glass(?), chlorite, sphene, opaques and
minor quartz. This texture is very similar to samples H-27 and H-26 from the Line 28+00E
area.

The next section is the lower part of the variolitic intermediate series of flows
(samples H-16, H-15, and H-40). These are fine grained, heterogeneous, brecciated and
variolitic rocks which generally contain close to 20% quartz. The varioles are commonly
coalesced and contain a peculiar dendritic, or herringboned, pattern formed by the uralite and
oxides (Plate 3.1.2b). The orientation of acicular rods of uralite in the coalesced parts is quite
striking. The crystals have consistent orientation within individual varioles but different
orientations from variole to variole (Plate 3.1.5). This probably relates to the formation of
these disequilibrium crystals, growing from scattered centres. Sample H-15 is from a
relatively homogeneous block in the blocky breccia. Overall this sample has a darker colour

due to a greater concentration of uralite and chlorite and finely disseminated magnetite and
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Plate 3.1.6: Hyaloclastite unit. a) Perlitic fracture in breccia fragments is well preserved (H-
42, PPL, 3 mm). b) Banded fragment, consisting of magnetite (dark) and altered
plagioclase (light) layers. Relict spherulites are visible in plagioclase layers (H-
14, X-nicols, 3 mm).
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sphene. The sample has a very similar overall texture to the coalesced varioles described
above. The flowbanded, spherulitic material from the interstices of the blocky breccia (sample
H-40), is similar to the coalesced varioles as well.

The hyaloclastite flow is heterogeneous in thin section and most original textures are
well preserved. The breccia clasts have an altered glassy margin composed of plagioclase,
quartz and carbonate and perlitic factures are common (Plate 3.1.6a). The clast interiors are
dominantly fine grained, felted chlorite and randomly oriented needles of magnetite. The
breccia matrix is composed of extremely fine grained quartz, albite and minor carbonate and
abundant shards of altered glass. The larger banded fragments which characterize the
hyaloclastite on the outcrop scale are composed of alternating layers of magnetite and altered
plagioclase. Relict spherulites are evident throughout the plagioclase-rich layers (Plate 3.1.6b).
The massive portion of the hyaloclastite flow (sample H-41) has flowband laminations visible
in the hand specimen. Similar layering is found in the chilled base of flows in this part of
the section (e.g. H-56). These bands are due to variable concentrations of magnetite which
is disseminated throughout imparting a dark colour Quartz is a major component of the rock
(20%). Carbonate occurs in the groundmass of this rock especially in certain layers, though
no particular reason for this preference was determined.

The uppermost flow on Line 25+50E is massive, coarse grained and magnetic.
Euhedral magnetite grains, commonly hollow or skeletal, are disseminated throughout the
rock. As in the hyaloclastite unit, quartz is a major component, comprising 15-20% of the
rock and suggesting that it is of intermediate composition. The presence of small grains of
apatite and zircon(?) also suggest that the rock is well differentiated. Chlorite is an important

component, forming quartz rimmed patches throughout.

3.1.2 Alteration Assemblages
1. Variolitic Flows, Line 28+00E Area
Alteration mineralogy was studied in the upper flows in the Line 28+00E area (Map
2.1.2) associated with a crosscutting, mineralized fault. A series of samples from the
relatively unaltered host rock into the core of this mineralized zone were taken from two of

the flows; the fine grained, variolitic intermediate flow below the hyaloclastite breccia, and,



Table 3.1.1: Modal mineralogy (as estimated v
the Variolitic Intermediate Flow, L28+00E are
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olume percent) associated with alteration in
a, Harker Lake section.

H-27 (least alt’d) H-26 (mod. alt’d) H-25 (most alt’d)

uralite 10

chlorite 30 25 tr
plagioclase 35 45 45
quartz 10 10 30
sphene/leucoxene tr 3-5 2-3
epidote 1-2

carbonate 5 3 5-8
magnetite 5 8-10 8-10
hematite 1-2
pyrite 1-2 1-2
apatite 2
Mg riebeckite tr
talc 2-3

the thick, medium to coarse grained, massive intermediate flow which overlies the hyalo-
clastite. There is no evidence of foliation in any of the rocks in the study area.

Within the fine grained, variolitic intermediate flow three samples were taken. These
are, in order of least to most altered, samples H-27, H-26, and H-25. Sample H-27 (13 m
from the altered zone) represents the least altered sample typical of the local metamorphic
facies (Table 3.1.1). There is more chlorite than uralite and about 5% carbonate present
indicating some minor alteration related to a small splay from the mineralized zone which
passes near (3 m) the sample location. Sample H-27 also contains 2-3% amygdules,
something not found in the other samples in this alteration profile. There is no visible
difference between samples H-26 and H-27 in hand sample. In thin section, however, sample
H-26 (5 m from the zone) is obviously a lighter colour due to the elimination of the
amphibole and some chlorite component and the paler green colour of the chlorite present.
There is a slight increase in albite content contributing to the lighter colouration. As a result
of further alteration, sample H-25, in the core of the zone, has an insignificant mafic
component and would be colourless in thin section if not for oxide minerals which are more

common than in the previous sample. Whereas the only significant opaque mineral in sample
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H-27 is magnetite, the opaque mineralogy in H-25 consists of mostly magnetite with lesser
hematite and pyrite. There has been significant increase in quartz and carbonate as well as
the appearance of apatite, Na amphibole and talc in sample H-25.

Texturally, the rock has changed with progressive alteration from a very fine grained
mix of interstitial chlorite, branching uralite and plagioclase laths to a medium grained,
recrystallized mixture of myrmekitic albite and quartz, large turbid and commonly twinned
albite grains, plus carbonate and opaques. Several generations of tiny quartz-carbonate veins
cut the section. These usually have pyrite and Fe-oxides associated.

Four samples were studied in the upper massive flow where the crosscutting
mineralized zone is widest and most intense (Map 2.1.2, Table 3.1.2, Plates 3.1.7 and 3.1.8).
These samples range from the least altered H-29, to H-30 at the edge of the visually altered
area, to H-31 in obviously altered and mineralized but relatively homogeneous rock, to H-55
which was taken near the core of the altered zone within a highly mineralized quartz
stockwork. Sample H-55 was studied in three parts (Figure 3.1.1); the altered and mineralized
wall rock, the intensely altered narrow (1 cm) envelope to the veins, and, the stockwork vein
material itself.

Sample H-29 is a medium grained, homogeneous mixture of weakly altered acicular
uralite, myrmekitic albite and quartz, altered plagioclase, magnetite/sphene, and minor
amounts of epidote, carbonate and sphene. Magnetite grains are commonly associated with
uralite, outlining the acicular crystals. In H-30, the uralite is largt;,ly replaced by chlorite and
sphene whereas magnetite grains still outline the relict crystals. Alteration of plagioclase to
chlorite and carbonate is more pronounced. Chlorite is lighter green and shows anomalous
purple birefringent colours indicating a less Fe-rich composition than in H-29 (p. 133,
Shelley, 1979). Epidote is absent whereas the amount of carbonate (calcite) has increased.

The most noticeable change between H-30 and H-31 is the elimination of almost all
mafic minerals within the alteration zone. About 10% chlorite remains which is very lightly
coloured indicating further depletion of iron. This is corroborated by the presence of
anomalous brown birefringent colours in some of the chlorite, especially in association with
oxides or pyrite. Magnetite content has also been reduced slightly to 8-10%. Trace hematite
and 1-2% pyrite are present. Myrmekitic texture is more prevalent in H-31, with a coincident



88

Plate 3.1.7: Progressively altered samples from the alteration study in the upper massive flow.
Modal mineralogy for the samples is summarized in Table 3.1.2.
a) Least altered sample, H-29, (PPL, X-nicols, Long axis of photo, 2 mm).

b) Strongly altered sample, H-31 (PPL, X-nicols, reflected light (RL), 2 mm).
Only minor carbonate (high birefringence) is present.

c) Vein envelope, H-55a (PPL, X-nicols, RL, 2 mm). Rock is silicified and
recrystallized resulting in the elimination of myrmekitic texture. Carbonate is
present in only trace amounts.
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Table 3.1.2: Modal mineralogy (as estimated volume percent) associated with alteration of

the Upper Massive Flow, L28+00E area, Harker Lake section. Fi

relationship of samples H-55, H-55a and the vein.

H-29 H-30 H-31 H-55 H-55a Vein
uralite 15 5 2-37?
chlorite 20 25 10 5 tr 1-2
plagioclase 35 45 45 45 40
quartz 10 10 15 15 30 65
sphene/lcxn 1-3 2 1 1-2 1-2
epidote 3
carbonate 1-3 5 15 20 10 10
magnetite 10 8 8-10 3-5 5-8 2-3
hematite tr 1-2 2 3-5
pyrite 1-2 5 5-8 10
apatite 2 tr-1 1-2 1-2 2-3
Mg riebeckite 1 1-2 tr-1
talc tr 2-3
zircon(?) tr tr tr

gure 3.1.1 shows the spatial

increase in the modal quartz content from H-30. The albite-quartz groundmass is
recrystallized with well formed, commonly twinned albite grains. Carbonate content is
substantially increased. Na amphibole is present in H-31, associated with carbonate, and
apparently formed at the expense of chlorite. Microprobe analyses (Appendix 3.1a) indicate
that this amphibole is Mg-riebeckite (Emst, 1960; Brown, 1974). It occurs as blue to lavender
pleochroic grains with a single cleavage or as fibrous, radiating sheaves.

Within the altered wall rock of the core stockwork (H-55, Figure 3.1.1)
recrystallization has eliminated the myrmekitic texture, although twinning is still visible in
some albite grains. Carbonate (calcite plus dolomite?) composes 20% of the rock and pyrite
5% whereas the magnetite content has decreased to 3-5%. Pyrite occurs mostly as large (1-3
mm) crystals and blebs related to fractures and small veins. It also occurs as fine grained
disseminations in the groundmass. In places, pyrite is intimately associated with magnetite.
Apatite and Na amphibole are common accessory minerals. A minor amount of very pale
chlorite is present. Traces of rutile, talc (usually surrounding pyrite), and zircon(?) have been

identified in this sample.
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Plate 3.1.8: Sample H-55, from the core of the alteration zone in the Upper Massive Flow, L28+00E
area. See sketch below for details.

Altered
Wall Rock

(Sample H-55)

Quartz Vein LW
Vein Envelope (Sample H-55a) \\’_,.\_

Quartz Vein (Sample H-55b)

Sketch is true scale.

Figure 3.1.1: Sample H-55 from the core stockwork area of the alteration zone in the Line 28+00E area
(see also Plate 3.1.x). Sample includes stockwork veins, the altered envelope to the veins, and the highly
altered wall rock . Pyrite distribution (speckles) changes from the altered wall rock to the vein envelope
to the vein. Mineralogy of the zones is summarized in Table 3.1.2.
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A sharp boundary exists between the altered wall rock and the envelope to the vein
in sample H-55. The envelope is distinguished from the wall rock by its lighter colour and
the fact that pyrite occurs mostly as disseminated blebs. The quartz-albite groundmass is
further recrystallized evident by the sutured nature of most grain boundaries, especially those
of plagioclase and quartz. Considerably more quartz and less carbonate are present. Apatite
is more common (2-3%) in the envelope than the wall rock whereas there is less Na
amphibole. Magnetite and pyrite account for about 15% of the rock. Their complex
intergrowths, and the fact that either mineral can be found enclosed in the other, make any
interpretation of their paragenetic relationship questionable. A minor amount of hematite is
present as anhedral disseminations.

The vein consists dominantly of quartz (65%) which has numerous minute inclusions,
frequently in a zonal patterns. Pyrite is an important component of the vein, occurring mostly
along the margins. Carbonate is scattered throughout the vein, interstitial to the quartz. Minor
amounts of chlorite, magnetite, actinolite and white mica are also present. Late specular
hematite occurs as large blebs and in fractures. Pyrite and magnetite occur together, in places
rimmed by sphene. Pyrite is also rimmed by white mica in parts of the vein.

2. Cryderman Zone

The most intensely altered section of this zone is closely related to the Cryderman
Fault. Sampling of the zone was done in the structral footwall where the alteration and
mineralization are best developed. The zone is subparallel to volcanic stratigraphy, so
sampling was done in a vertical sense with respect to the host flow, from the unaltered base
up into the altered zone closer to the top of the flow. Samples were collected from two short
sections in the surface trenches at 15+40E and 15+80E (Map 2.1.1 and Figure 3.1.2, Plate
3.1.9) and from a drill hole (DDH 272-85-16) on Line 15+50E. Along 15+40E (Section I),
samples H-47, H-48, H-45, and H-44 are, progressively, the least to most altered wall rocks
to a quartz vein (sample H-43) associated with the fault. A similar progression in alteration
intensity is seen in samples H-51, H-50 and H-49 at 15+80E (Section II). Sample H-49
occurs within the fault breccia at the core of the Cryderman zone.

The unaltered flow base has been described above (section 3.1.1) and is represented
by samples H-39, H-47 and 45722. The mineral modes are summarized in Table 3.1.3.
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Table 3.1.3: Modal mineralogy (as estimated volume percent) associated with the alteration
of Non-variolitic Flows in the Cryderman Zone, Harker Lake section. Alteration increases
toward the vein (H-43).

45722 | H-48 | H-51 | H-45 | H-44 | H-49 | H-43
uralite 40 40 10
chlorite 2-3 5 20 1 tr
plagioclase 40 40 40 30 25-30 25
quartz 2 5 5-10 15 90
sphene/lcxn 5 5 5 2-3 tr tr
carbonate 1-2 5-8 35 30-40 35 2-3
epidote 1
magnetite 5-8 5-6 5-8 2 3-5
hematite 2-3 5-8 18 15-20 15 2-3
pyrite tr-1 1 3 3-5 5 1
chalcopyrite tr tr 1-2 tr
galena 1

Generally, the host flow is a relatively homogeneous mixture of plagioclase and amphibole,
or chlorite, and 5-10% disseminated Ti-rich magnetite. Initial alteration resulted in the
breakdown of amphibole to chlorite and magnetite to sphene, as well as the formation of
hematite and carbonate (e.g. sample H-51). Both hematite and magnetite occur as
disseminated grains. The hematite is smaller and anhedral and also rims magnetite in veinlets
and in the groundmass. There is less than 1% pyrite and it is mostly associated with veinlets,
but also occurs as disseminations. The birefringent colour of chlorite is dominantly brown at
this stage, indicating that it is relatively more Mg than Fe-rich.

Moderate to strong alteration is represented by samples 45721 and H-45 (Table 3.1.3).
Primary textures, such as plagioclase spherulites, are still visible in the rocks. All amphibole
has been eliminated although chlorite is still a major component. The abundance of hematite
in these samples seems to be inversely reiated to the chlorite content of the rock. Hematite
content reaches 20%, in sample H-45. This concentration is observed to the core of the
mineralized zone. Significant reduction of plagioclase abundance is coincident with a large
increase in the carbonate content to 25-30%. Up to 3% pyrite occurs as fine disseminations

and as blebs in veinlets. Magnetite is disseminated in the groundmass and commonly
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Plate 3.1.9: Sample sequence from least to most altered in the Cryderman Zone (see Figure
3.1.2). Modal mineralogy is summarized in Table 3.1.3a and 3.1.3b.
a) Least altered sample, 45722, from DDH 272-85-16 (PPL, X-nicols, 2 mm).
Opaques are dominantly magnetite.

b) Strongly altered sample, H-45 (PPL, X-nicols, RL, 2 mm). Open plagioclase

spherulites are visible despite the intensity of alteration. Opaques are dominantly
hematite.

c) Highly altered and mineralized sample, H-44, including late carbonate-quartz
vein, at the edge of the central fault/vein zone (PPL, X-nicols, RL, 2 mm). Note

the relative lack of hematite in the rock’s groundmass near concentrations of
pyrite.

d) Over page.
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Plate 3.1.9, con’t: Sample sequence from least to most altered in the Cryderman Zone (see
Figure 3.1.2). Modal mineralogy is summarized in Table 3.1.3a and 3.1.3b.

d) Brecciated sample, H-49, from the central fault zone (PPL, X-nicol, RL, 2
mm). Opaques consist mostly of specular hematite and pyrite.

Plate 3.1.10: Chalcopyrite and galena in quartz-rich part (vein material?) of breccia matrix
in H-49 (RL, 2 mm).
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associated with pyrite. Locally, hematite replaces both pyrite and magnetite. Trace amount
of chalcopyrite is present, as tiny (0.1 mm) blebs in small crosscutting veinlets and fractures.

On the border of the central quartz vein, alteration is quite strong (samples H-44, H-
50). Here, all the chlorite has been eliminated leaving no mafic minerals and the primary
textures of the rock are indistinguishable. The rock is mostly composed of a mixture of
carbonate and albite. In general, it has about 20% hematite and 5% each of magnetite and
pyrite. Hematite is finely disseminated throughout the rock giving it a dark colour. Up to 10%
quartz is found mostly as crosscutting veinlets also containing carbonate. Pyrite is present as
small masses or pods, and is associated with fractures and veinlets. Pyrite masses and quartz-
carbonate veinlets have associated bleached envelopes which are the result of breakdown of
hematite and magnetite and the flooding of quartz and/or albite and carbonate into the wall
rock. Brecciation of pyrite and magnetite is common, indicating movement on the Cryderman
Fault postdating mineralization.

The quartz vein which marks the centre of the mineralized zone at 15+40E is
characterized by domains of large, strained quartz grains with tiny inclusion trains and
fractures, separated by highly brecciated, fine grained sections. The fine grained material
shows signs of recrystallization such as sutured grain boundaries. The vein also contains
minor interstitial carbonate and chlorite. Pyrite, and trace chalcopyrite, are found as extremely
fine grained disseminations throughout the rock but especially in the brecciated sections.
Minor amounts of specular hematite is found in fractures throughout the vein. In addition,
there are traces of zircon(?) in the vein.

Sample H-49 is a highly brecciated and altered rock, the matrix consisting largely of
quartz and hematite. Relict plagioclase laths are distinguishable in some of the altered
fragments. Pyrite occurs as both disseminations and large, brecciated masses. Hematite is
present as fine grained disseminations in the fragments and as aggregates and smears in the
breccia matrix. There is also very minor chalcopyrite and galena interstitial to quartz grains
in quartz-rich domains of the breccia matrix (Plate 3.1.10). Magnetite is not present in this
rock. There is ample evidence of brecciation, several sections of "milled" (fine grained) rock
and numerous small scale offsets, due to fault activity which postdates mineralization.

Several large milky quartz veins are found within the Cryderman Zone. These veins
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appear to be quite late, are not necessarily related to the strongest alteration or mineralization
in the zone and do not have significant gold mineralization. Sample H-43b is from a vein
within the hanging wall of the Cryderman Fault at 15+40E. It is composed of 80% quartz
with minor carbonate and chlorite. It contains about 5% combined chalcopyrite, specular
hematite, lesser amounts of galena and trace magnetite and pyrite. The chalcopyrite and
galena occur interstitially to the quartz and chalcopyrite is replaced locally by hematite and
malachite.

3.2 Dome Mine Area

3.2.1 Petrography of the Vipond Subgroup

The mineral assemblage in the Dome Mine area reflects stronger regional retrograde
alteration of the original greenschist metamorphic facies mineralogy than at Harker Lake. In
general, the assemblage consists of plagioclase, chlorite, carbonate, quartz, magnetite/sphene,
and epidote. The extreme prevalence of chlorite over amphibole and the presence of
significant carbonate are typical of the mineral assemblages. Otherwise, the mineral
assemblages are similar to those at Harker Lake. Penetrative foliation is present in most areas,
and is generally more pronounced at the Dome Mine.

Plagioclase is the most important component of the lesser altered rocks in the Dome
Mine area. It is invariably altered to a combination of albite, carbonate, chlorite, epidote and
quartz giving it a turbid appearance. Original textures are usually not preserved and twinning
is not commonly observed. The next most common mineral is chlorite. The chlorite does not
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