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FOREWORD

As part of the Ontario Geological Survey's ongoing program to improve detailed map 

coverage of the Grenville Province to assist both metallic and non-metallic mineral exploration, 

detailed mapping of the Mazinaw area was begun in 1991. During the course of routine mapping 

as a result of this mapping project, some significant assay results were uncovered, which have led 

to a re-evaluation of the potential for copper-gold mineralization in the area. This area reports on 

the assay results, and presents a new exploration model for copper-gold mineralization within 

this part of the Grenville Province.

V.G. Milne, Director 

Ontario Geological Survey
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ABSTRACT

Copper-gold mineralization associated with several prospects in the Marble Lake-Mazinaw 
area located in the Mazinaw Terrane of the Central Metasedimentary Belt of the Grenville 
Province bears strong similarities to porphyry copper-gold systems present in the Canadian 
Cordillera. The characteristics of the mineral prospects is reviewed, and a porphyry copper-gold 
model for the genesis of these deposits is proposed. This model suggests that additional 
mineralization may be present at depth. Porphyry copper mineralization has not been previously 
described from the Grenville Province and its occurrence may be restricted to the Mazinaw 
Terrane.
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POTENTIAL PORPHYRY COPPER MINERALIZATION 
WITHIN THE MAZINAW TERRANE, GRENVILLE PROVINCE

INTRODUCTION

Moore and Morton (1986) first suggested the presence of porphyry copper mineralization 
within plutonic rocks present in the northwestern Mazinaw Terrane (Buffadison occurrence), but 
never explored the concept in detail; nor did they follow up on the implications of the porphyry 
copper model for exploration within the Mazinaw Terrane (Figure 1). Results of detailed 
mapping and assay surveys in the Mazinaw area by Easton and Ford (1991) have led to a re- 
evaluation of the porphyry Cu-Au mineralization potential of the area. The purpose of this report 
is to report on new assay data from the region which may be of interest to prospectors, and to 
outline, in greater detail a porphyry copper model for Cu-Au mineralization in the northwestern 
Mazinaw Terrane and the implications of such a model for exploration.

Figure 1: Terrane subdivision of the Central Metasedimentary Belt in Ontario and location of 
the study area (after Easton and Ford 1991).



REGIONAL GEOLOGIC SETTING 

MAZINAW TERRANE 
Introduction

The Marble Lake-Mazinaw area (Figure 1) is underlain by Precambrian rocks of Middle to 
Late Proterozoic age which form part of the Central Metasedimentary Belt of the Grenville 
Structural Province. Moore and Morton (1986) mapped the area around Marble Lake in detail. 
Easton and Ford (1991) mapped the area due north of the Marble Lake area, and re-examined 
critical outcrops within the Marble Lake area.

The Mazinaw Terrane in the Marble Lake-Mazinaw area consists of, from oldest to youngest:
(a) metatonalite and metagranodiorite intrusions of ea. 1270 Ma age (Lumbers etal. 1990), 
including the Northbrook and Cross Lake tonalites and locally intrusion breccias containing 
gabbros of the co. 1290 Ma Killer Suite (Easton 1992), particularly in the northern part of the 
map area;
(b) basalt-andesite-dacite-rhyolite metavolcanics of the Kashwakamak Formation of calcalkalic 
affinity (Moore and Morton 1986, Condie and Moore 1977, Harnois and Moore 1988);
(c) siliclastic metasedimentary rocks (metawacke, semi-pelites, paramphibolites), in part derived 
from metavolcanic rocks; '
(d) calcitic and dolomitic marbles;
(e) fine- to medium-grained, heterojgeneous granitic rocks (Abinger and Norway Lake granites in 
the map area); and
(f) the ea. 1157 Ma (maximum age of deposition, Kinsman and Parrish 1990) Flinton Group 
which unconformably overlies all older rock units.

The Mazinaw Terrane has been subjected to at least two regional metamorphic episodes. The 
first, Mj, reaching upper amphibolite and perhaps granulite facies locally, affected all rocks older 
than the Flinton Group, and was accompanied by intense deformation (D j) which formed much 
of the penetrative fabric currently preserved in the rocks. D j was accompanied by thrusting and 
isoclinal folding which formed regional fold structures in the area, and is > 1160 Ma in age. The 
second metamorphic event (M2) affected the Flinton Group, as well as all older rocks, and is 
 e:! 150 Ma in age. The metamorphic pattern in the map area reflects M2, with greenschist facies 
conditions (chloritoid-staurolite) present southeast of Marble Lake, rising to upper amphibolite 
(sillimanite) facies along the northern and eastern boundaries of the map area. M2 was 
accompanied by only localized deformation (shearing, minor folding, refolding of older



structures) and was responsible for the growth of randomly-oriented porphyroblasts (hornblende, 
microcline, staurolite, chloritoid, kyanite, tourmaline) in most rocks units, including metaplutonic 
rocks.

Shear Zones and Pre-M2 Mylonites
Critical to the understanding of the geology of the map area is the recognition of two pre-M2 

shear zones trending east-northeast across the centre of the map area, along the northern and 
southern flanks of the Norway Lake granite. The northern and southern shear zones are termed 
the Shabomeka and Swamp Lake shear zones respectively (Easton and Ford 1991). These shear 
zones have not been described previously, although Rivers (1976) described recrystallized 
mylonitic rocks lying along the eastward extension of these zones in the Sand Lake area and 
north of Ardoch. Rivers (1976) interpreted these rocks as mylonites because the layering in the 
rocks is much finer ^2 mm) than typically observed in metamorphosed supracrustal 
rocks in the area, the grain size of calcite in calc-silicate and marble units varied by an order or 
magnitude between layers (0.2-200 mm) and the lithologies displaying the layering varied along 
strike. These observations are similar to those of Easton and Ford (1991). In the Shabomeka 
shear zone, quartzofeldspathic gneiss locally containing porphyroclasts of plagioclase are 
present, indicating that grain size reduction did occur. These gneisses also contain garnet and 
magnetite porphyroblasts which probably developed during M^. Rivers (1976) suggested that 
the protoliths were either fine grained when mylonitization occurred, or mylonitization was very 
intense. Both suggestions probably apply. In the Shabomeka (northern) shear zone, pods of 
metagabbro, predominantly of Killer-type, are common, containing relatively undeformed cores 
but becoming progressively mylonitized toward the margins of the pods until the rocks can only 
be described as finely laminated, mafic gneisses.

Grenville Supergroup Supracrustal
Metasedimentary supracrustal rocks predominate in the Mazinaw Terrane of the map area, and 

consist mainly of calcitic and dolomitic marbles, metawacke, and semipelite. Other rock types 
include minor feldspathic litharenite, calcareous meta-arenite, metapelite (generally alumina- 
poor), calc-silicate rocks, and intercalated calcitic marbles and metapelite and metawacke. 
Metavolcanic rocks in the Marble Lake area have been described by Moore and Morton (1986), 
and consist of highly deformed andesite-dacite-rhyolite pyroclastic rocks, and massive flows and 
domes.



Deformation and two regional metamorphic events have destroyed most primary textures in 
the supracrustal rocks, although graded bedding is locally preserved in the thicker metawacke 
sequences. Stromatolites are not common in the area, other than an occurrence reported by 
Moore and Morton (1986) at Marble Lake. Dolomitic marbles in the area are generally thinly 
layered and fine grained, and in many instances are found adjacent to or within the Swamp Lake 
shear zone. Dolomitization in the shear zones may be related to shearing, and not to original 
depositional processes. In the Marble Lake area, a large area of dolomitic marble is present 
along Michell Bay at the southeast end of Kashwakamak Lake. This zone of dolomitization is 
closely associated with a zone containing abundant trondhjemite and quartz-feldspar porphyry 
dikes, and appears to truncate regional structural trends. As discussed in greater detail below, the 
dolomitization in the Michell Bay area may be related to the granitoid intrusions, and is not a 
result of primary depositional processes.

Metaplutonic Rocks
The oldest metaplutonic rocks in the Mazinaw Terrane in the map area are metatonalites and 

metagranodiorites and associated intrusion breccias composed of metatonalite "matrix 11 and 
amphibolite, paramphibolite, or Killer-type metagabbro "clasts". These older rocks do not form 
any coherent masses, but occur as lenses, belts, and layers within, and along the margins of, the 
younger granitic masses the underlie most of the northern part of the terrane. The intrusion 
breccias locally shown evidence of folding and shearing which is not always reflected in cross 
cutting granitic dikes.

The most abundant metaplutonic rocks in the map area are the fine- to medium-grained, 
heterogeneous granites of the Abinger and Norway Lake granites. Muscovite is prevalent 
throughout these granite rocks, and may be a product of igneous crystallization, or M2 
metamorphism. The Abinger granite (Hewitt 1964, Rivers 1976) is also known as the Mazinaw 
Lake granite. The granites intrude the older tonalitic and gabbroic rocks in the map area, as well 
as all supracrustal rocks older than the Flinton Group.

The granites may have been intruded as a series of closely spaced sills. This would explain 
the local heterogeneity present within the granite, as well as the presence of mappable screens of 
older country rock throughout the Abinger granite. It is also consistent with the preservation of 
large areas of granodiorite and tonalitic intrusion breccias within the granites. Gossans are 
locally developed along granite-country rock contacts and in granitic intrusion breccias.



The age of these granitic rocks is not well constrained. Lumbers et al (1990) correlate the 
Abinger granite with the 1245 Ma (van Breemen and Davidson 1988) Addington Granite 
(alaskite suite of Lumbers et al 1990). Bell and Blenkinsop (1980) however report a whole-rock 
Rb-Sr age of 1185+/-25 Ma from the Abinger granite. This age could be either an emplacement 
age, or a metamorphic age (M j). If an emplacement age, then the Abinger granite may be related 
to the ea. 1180-1160 Ma granite-syenite-monzonite suite of the Frontenac Terrane. It is 
noteworthy that Kinsman and Parrish (1990) reported an abundance of ea. 1160 Ma zircon 
detritus in Flinton Group metaquartzarenites just south of the map area. As the Flinton Group is 
in part locally derived (Moore and Thompson 1972,1980, also see below), metaplutonic rocks of 
ea. 1160 Ma might be expected in the map area.

A variety of metamorphosed dike rocks are present in the map area, cutting all rock units 
except the Flinton Group. These include metagabbro dikes, metadiabase dikes, plagioclase- 
porphyritic mafic dikes, and quartz feldspar porphyry and trondhjemite dikes. The latter dikes 
show a spatial relationship with copper-gold occurrences in the area, as outlined in detail below. 
The age of the porphyry and trondhjemite dikes is not known, although they may be correlative 
with late felsic dikes dated by U-Pb zircon methods at 1229+7-11 Ma by Connelly etal (1987).

Flinton Group
Moore and Thompson (1972, 1980) and Thompson (1972) described the Flinton Group as an 

unconformable sequence overlying the Grenville Supergroup and formally defined four 
formations within the Flinton Group. Three of these formations, the Bishop Corners, Myer Cave, 
and Fernleigh formations crop out within the map area. Within the map area, the Flinton Group 
strata are located in a 0.5 to 2 km wide east-northeast-trending belt, the Fernleigh belt and in 
several discontinuous belts marginal to the Norway Lake granite.

Moore and Thompson (1972, 1980) and Moore and Morton (1986) describe the Fernleigh belt 
as an overturned, tight to isoclinal syncline. Stratigraphic units are not repeated across the 
syncline and Moore and Thompson (1972,1980) invoked rapid lateral facies changes across the 
Flinton Group in order to explain this lack of stratigraphic repetition. Rivers (1976), in studying 
the Fernleigh belt in the Fernleigh-Ompah area, found no evidence that it was a syncline, or even 
synformal, and concluded that it was a steep, southeast-facing overturned homoclinal sequence. 
Mapping by Easton and Ford (1991) confirmed Rivers' (1976) interpretation. For example, south



of Myer Cave, recent road construction has exposed an almost continuous section through the 
Myer Cave Formation. Marble breccias within the Myer Cave in this section fine upwards, and 
are overlain by pelites characteristic of the uppermost Myer Cave Formation. Thus, the 
stratigraphy exposed here appears to be a continuous, northwest-dipping, southeast-facing 
homoclinal sequence, and there is no stratigraphic or structural evidence for a synclinal or 
synformal structure as far west as Marble Lake even in the southern, less deformed and 
metamorphosed part of the Fernleigh Belt.

ASSAY RESULTS 
INTRODUCTION

Assay results obtained from sulphide-bearing feldspar-porphyry and trondhjemite dikes and 
adjacent marbles from the Marble Lake area collected during the course of mapping during the 
1991 field season are listed in Table 1. The distribution of these samples are shown in Figures 2 
and 3. Table l and Figure 2 also include previously reported assay results from Papertzian 
(1984) and Malzack et al (1985). Background levels of gold in the region are < 10 ppb Au 
(Easton and Ford 1991).

HELENA PROSPECT
The Helena Mine operated in 1901, at which time three shafts were sunk (Malzack et al. 

1985). Figure 2, adapted from Malzack et al (1985) shows the geology of the Helena prospect 
and the location of workings. At least 10 small pits and trenches are present on the property, and 
two large quarry pits from an abandoned marble quarry are located about 75 m west of the shafts. 
An additional trench/shaft? with a sizable dump, hosted in pyrite, pyrrhotite and chalcopyrite- 
bearing trondhjemite is located above the south face of the lowermost quarry (Figure 2). This 
trench/shaft? has not been noted by previous workers. Ore grades from this dump are presently 
unavailable.

The most significant assay result comes the Helena Prospect, where a sulphide-bearing, 
malachite-stained, tremolite vein cutting dolomite marble yielded 2.69fc Cu (sample 91RME- 
0205B, Figure 2)). This is the highest value reported from the Helena Prospect, and may indicate 
that additional mineralization is yet to be discovered. Samples 91RME-0206A and 91RME- 
0206B were obtained from a trondhjemite body located on the mine site. These two samples 
were selected because of a low disseminated sulphide content for the purpose of geochemical 
characterization, yet they contain minor enrichments in Au and Cu. Sample 91RME-0207 was



collected from a sulphide-bearing trondhjemite outcrop located near the southwest shaft (Figure 
2), and contains anomalous values of gold and copper. Results from samples collected from the 
dump by the newly located shaft were not available at the time of writing.

Papertzian (1984) reports assay samples from the Helena Mine site collected dominantly from 
marbles, as shown in Table l and Figure 2. Copper shows considerable variation, ranging from 
48 to 4400 ppm. When considered with the new assay results, it appears that there may be 
significant dispersed copper mineralization within the vicinity of the Helena mine. It is 
noteworthy that all the high assay values shown in Figure 2 cluster in the southeast corner of the 
prospect, near the trondhjemite/dolomite marble contact in the abandoned dolomite marble pit. 
Future exploration should concentrate on this part of the property, which is removed from most 
of the existing shafts and trenches. Most previous sampling has concentrated on quartz veins and 
carbonate rocks adjacent to these veins. Based on the data in Table l, these may represent the 
least favourable prospects, with more favourable prospects being tremolite veins in the dolomite 
quarry and the trondhjemite body south of the quarry.

COOK OCCURRENCE
Rocks adjacent to the Cook occurrence were recently well exposed due to road construction 

during 1991. Table l lists additional assay results from dolomitic marbles and a trondhjemite 
dike adjacent to this occurrence collected during the 1991 field season. Slightly anomalous 
values for gold and copper were obtained from these samples, which were originally collected to 
characterize the geochemistry of Grenville Supergroup marbles in the area. Consequently, 
samples with high disseminated sulphide contents were avoided. Nevertheless, background 
levels for Cu and Au are anomalous in some of these samples, particularly 91RME-0124.

BUFFADISON OCCURRENCE
This occurrence has been described by Moore and Morton (1986), and is known primarily 

through drill core data. Sulphide mineralization consisting of chalcopyrite, pyrite, bornite, 
chalcocite, covellite and native copper occurs along fractures within the quartz diorite stock and 
adjacent felsites of the Shabomeka shear zone. An additional surface assay collected by field 
party personnel in 1991 is listed in Table l, and contain no significant findings, although Au is 
slightly enriched.



REGIONAL DISTRIBUTION OF COPPER-GOLD OCCURRENCES
IN THE MAZEVAW AREA

Figure 3 illustrates the distribution of known copper-gold mineralization in the Marble Lake- 
Mazinaw area, including new sites located by field party personnel during the course of mapping 
during the 1991 field season. All occurrences are hosted in marbles, generally dolomitic, 
associated with a series of medium-to coarse-grained, locally porphyritic, trondhjemitic stocks 
and dikes. The distribution of dolomite in this area does not appear to be stratigraphically 
controlled, and in fact may represent a contact metamorphic effect related to this zone of dike 
and stock injection. Evidence of such alteration is evident along the Harlowe Road, where 
calcitic marbles become progressively dolomitized adjacent to small porphyry dikes, with 
dolomitization cross-cutting preserved bedding in the calcitic marbles. Brecciation of the 
dolomites has also been noted adjacent to the dikes and some of the mineralized occurrences (e.g. 
Cook Occurrence). Scapolite porphyroblasts hosted in muscovite schist layers occurs within the 
marbles at the Cook Occurrence. Scapolite is a common alteration product associated with 
carbonate-hosted porphyry systems in the Canadian Cordillera (G.E. Ray, geologist, BC 
Geological Survey Branch, Victoria, BC, personal communication, January 1992). Tetrahedrite 
is a common sulphide mineral at both the Helena and Cook occurrences; Engarite, a related 
copper-arsenic-sulphide is common in porphyry copper systems within the Canadian Cordillera 
(G.E. Ray, geologist, BC Geological Survey Branch, Victoria, BC, personal communication, 
January 1992), and thus the presence of tetrahedrite (which could be confused with engarite) in 
the area is to be expected.

The geochemistry of these stocks has not yet been well characterized, although samples were 
collected in 1991 for this purpose. Malzack etal (1985) provide an analysis of the trondhjemite 
at the Helena Prospect, and Moore and Morton (1986) analyze several dacite dikes that may be 
correlative with the suite. These analyses are listed in Table 2, as are analyses from other Elzevir 
Tonalite Suite plutons for comparative purposes. The trondhjemite body at the Helena prospect 
is characterized by high A1203, K20, and TiO2 contents in comparison to the tonalite plutons. 
A1203 and 10^0 are higher in the stock than in felsic volcanics of the Kashwakamak Formation. 
The major element chemistry of the stock is consistent with it representing an intrusion typical of 
a porphyry copper system.
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Table 1: Assay results from copper-gold prospects in the Marble Lake-Mazinaw area collected by field party 
personnel and additional data from Papertzian (1984) and Malzak etal. (1985). All analyses by the Geoscience 
Laboratories, Ontario Geological Survey.

Sample Number UTM CoordinatesAu(ppb) Cu(ppm) Zn(ppm)Other(ppm) Comment

Helena Prospect
91RME-0205A 333540E 4966900N *2

91RME-0205B 333540E 4966850N 4

91RME-0206A 333561E 4966850N 4
91RME-0206B 333601E 4966850N 4
91RME-0207 333450E 4966890N 25

HE-01 
HE-02 
HE-03

<30

HE-06

80TRC-182 no location given 
80TRC-187 no location given 
80TRC-188 no location given

^0 
^0 
^0

Cook Occurrence
91 RME-0118 332399E 4966999N
91 RME-0119 332460E 4966990N
91 RME-0120 33251OE 4966835N
91 RME-0121 332424E 4966300N
91 RME-0122 332424E 4966270N
91 RME-0123 332338E 4966172N
91 RME-0124 332280E 4965861N
91 RME-0126 332249E 4965861N

1 1

88

26000

153
112
168

1150
275

4400
265
48
84

795
184
192

8
16
7

20
7
6

210
9

12

148

42
103
35

Buffadison Occurrence
91RME-0221 329982E4971645N 50 14

Sb1,B12 
Sb1,B136 
Sb1,B55 
Sb1,B21 

Sb 5, B 251 
Sb 0.3, B 5

13 Sbn1,B5

34
93
115
53
70
19

tourmaline vein with sulphides, 
cutting calcite marble 
malacite-stained tremolite vein 
in dolomite
diss. sulphide in trondhjemite 
diss. sulphide in trondhjemite 
diss. sulphide in trondhjemite

in dolomite 
in dolomite

gossan zone, quartz vein 
quartz vein 
quartz vein

vein in marble 
vein in marble 
vein in marble

calcite marble 
calcite marble 
aluminous calcite marble 
calcrte-dolomrte marble 
porphyry dike with diss. po 
dolomite marble 
malacite-stained dolomite 
dolomite marble

meta-arkose with diss. sulphide by pit

Detection limit for Au is 2 ppb, ^ ppm for Cu, Ni and Cr, and *c10 ppm for Zn and Pb. Background levels in area are 
generally close to detection limits. All 91 RME-samples analyzed for Pb and Ni, only significant values reported. ND = 
not determined.
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Figure 2: Sketch showing the Helena Mine site, location of assay samples, and copper, gold, 
antimony values. Geological data from T.R. Carter (1980, unpublished data and in Malzack 
etal 1985) andRM. Easton.
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Figure 3 (opposite page): Geologic map showing the distribution ofCu-Au occurrences in the Marble Lake- 
Mazinaw Lake area (after Moore and Morton 1986, Easton and Ford 1991).

Table 2: Chemical analyses off trondjemite and dacite dikes from the Marble Lake area and tonalites and 
granodiorttes off the Elzevir Tonalite Suite.

SiO2
Ti02
AI203
Fe2O3
FeO
Mgo
MnO
CaO
Na2O
K2O
^2^5
C02
S
H2O'f
H20-
LOI

Total

Na/K ratio

66.20
0.72
17.40
0.45
1.05
1.25
0.03
3.41
4.21
2.72
0.15
1.58
0.18
0.48
0.40
~

100.23

1.6

67.73
0.37
14.32
1.00
3.17
1.43
0.09
3.59
4.84
1.88
0.20
1.04
0.05

0.33

100.04

2.6

64.2
0.45
16.8
0.4
3.3
3.1
0.05
2.4
4.7
1.8
0.13
0.5

1.0

98.83

2.6

63.6
0.7
15.8
1.9
3.48
2.33
0.11
4.96
4.03
1.72
0.09
0.06

0.4

2.3

65.6
0.8
15.7
2.3
2.8
1.6
0.1
3.8
4.9
1.5
0.2
0.1

0.6

3.3

59.24
0.82
16.59
~

7.17
3.52
0.13
6.12
4.43
1.53
0.20

--

0.45

2.9

69.85
0.35
15.28
~

2.45
1.21
0.04
2.37
4.62
2.94
0.09
-

0.71

1.6

1 - 80TRC-186, granitoid, Helena prospect. Malzack et al. (1985)
2 - #97, dacite dike, Moore and Morton (1986)
3 - #81, dacite dike, Moore and Morton (1986)
4 - average of 8 tonalites, Glamorgan Gneiss Complex, Easton (1987)
5 - average tonalite, Glamorgan Gneiss Complex, Chesworth (1966)
6 - average tonalite, Glamorgan and Weslemkoon intrusions, Lumbers etal. (1990)
7 - average granodiorite, White Lake, Elzevir, Glamorgan and Weslemkoon intrusions, Lumbers et al. (1990)
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CHARACTERISTICS OF PORPHYRY COPPER-GOLD AND 

COPPER-GOLD-SKARN SYSTEMS IN THE CANADIAN CORDILLERA

Recent reviews of this type of deposit are presented by McMillan (1991) and McMillan and 

Panteleyev (1988). Porphyry deposits show a wide variation in characteristics, but some 
common features are listed below:

- mineralization is widely dispersed in porphyritic intrusions or adjacent country rocks

- grades are generally low; mining is by large tonnage methods
- most are related to calcalkalic to alkalic, epizonal, porphyritic intrusions (typical depths of 

emplacement 4-2 km);
- typical host rock suites are granodiorite-granite or diorite-syenite
- multiple intrusions are characteristic, but mineralization relates to specific intrusive episodes

- dike swarms and breccia pipes typically accompany mineralization
- both the intrusions and the country rock are strongly and pervasively fractured

- alteration is widespread and zoned
- size is important. A deposit in the Cordillera must contain at least 20 million tonnes of at least 

G.1% Cu to be classed as a porphyry copper.

Alteration associated with the two main geochemical classes differ. Calcalkalic deposits have 

central potassic alteration zones, defined by secondary biotite or metasomatic potassium 
feldspars, passing outward through successive envelopes of phyllic alteration (sericite and 

quartz), then propylitic alteration (epidote, chlorite and albite), into unaltered rock. Alkalic 

deposits have central potassic or albitic plagioclase alteration zones, and flanking, more extensive 

propylitic envelopes. Generally alteration is patchier, and no phyllic zone is developed 

(McMillan 1991). In the idealized model (Figure 4), the alteration is portrayed as a series of 

shells around the intrusion. Hydrothermal systems are dynamic, however, and as they cool, the 

hydrothermal systems can "collapse" downward and younger alteration can overprint and destroy 

younger alteration (McMillan 1991).

Typical sulphides are pyrite, bornite, chalcopyrite and molybdenite, hypogene chalcocite 

occurs locally (McMillan 1991). Alkalic deposits lack economic concentrations of molybdenite, 

and commonly have associated pyrrhotite (McMillan 1991). Metal zoning characterizes 

porphyry deposits. The central, copper-enriched zones are enclosed in pyritic envelopes. In
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alkalic settings, core zones typically carry chalcopyrite, bornite, magnetite and pyrrhotite with 
gold (McMillan 1991).

Figure 5 shows the possible inter-relationship of sediment-hosted gold deposits, skarn 
deposits, and epithermal vein deposits and porphyry deposits. As noted by McMillan (1991), 
there is a transition between porphyry copper-gold and epithermal gold systems. Jones et al. 
(1991) describe a composite zoning model for a gold-enriched porphyry copper deposit. Central 
barren zones give way to zones characterized by: molybdenum; bornite-gold; chalcopyrite; pyrite 
with gold in shear zones; lead-zinc-silver; gold-silver veins; and finally, epithermal gold. They 
also note multiple gold targets within these systems, particularly if they are hosted in carbonate- 
rich stratigraphic sequences.
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Figure 4: Model showing four sequential stages of alteration and mineralization that illustrate 
the possible evolution of a porphyry hydrothermal system (from McMillan 1991).
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Figure 5: Schematic model showing links between porphyry districts and sediment-hosted gold 

deposits in the Canadian Cordillera (from McMillan 1991).
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A PORPHYRY COPPER-GOLD MODEL 
FOR THE NORTHWESTERN MAZINAW TERRANE

Table 3 compares the features of porphyry copper deposits with the copper-gold 
mineralization present within the Mazinaw Terrane. Copper-gold mineralization within the 
Mazinaw area matches many of the features present in porphyry copper systems in the Cordillera. 
Based on these similarities, Figure 6 was constructed, which illustrates the relation of the surface 
mineralization in the Mazinaw area to a hypothetical porphyry copper system. Key features to 
note are that the surface exposures near Michell Bay probably occur in the transition zone 
between a porphyry copper system and an epithermal vein system or copper-gold-skarn system. 
The localized, high-grade, vein related mineralization at the Helena and Cook occurrences 
represent this vein/skarn-type of mineralization. The main porphyry system likely occurs at 
depth, probably somewhere beneath the area centered around Michell Bay between the Cook and 
Helena prospects. Also illustrated in Figure 6 are possible relations between the porphyry copper 
and other mineral prospects in the area, following the model of Jones et al (1991). It is still 
unclear if a calcalkalic or an alkalic system is represented in the Mazinaw Terrane. The lack of 
molybdenum, the routine occurrence of gold, the mineral assemblage at the Buffadison 
occurrence, and the limited geochemistry suggests that we may be seeing a weakly alkalic 
porphyry system that falls in the volcanic-hosted to classic porphyry type (McMillan 1991).

To date, this type of mineralization is known only from the northwestern Mazinaw Terrane. If 

the conditions for mineralization require a spatial association with volcanic rocks, only two other 
potential target areas exist in the Mazinaw Terrane. First, a major accumulation of volcanic 
rocks is present in the Clyde Forks-Rower Station, and which locally contains regional 
geochemical anomalies of copper (Easton 1988). Porphyritic plutonic rocks have not yet been 
documented from this area. Second, a diverse suite of volcanic rocks also occurs in the Clare 
River area, but porphyritic plutonic rocks have not been documented. Based on existing regional 

geologic information, the Marble Lake-Mazinaw Lake area is the best target area for this type of 
mineralization within the Mazinaw Terrane.

Elsewhere in the Central Metasedimentary Belt, no other examples of this type of 
mineralization is known. The paucity of calcalkalic volcanic and plutonic rocks elsewhere in the 
Central Metasedimentary Belt (Easton 1992) suggests that such mineralization may be limited to 
the Mazinaw Terrane. Field work by the author in 1992 will concentrate on better documentation 
of the alteration pattern associated with the intrusive rocks, and additional assay sampling aimed 

at outlining higher-grades of mineralization.
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Table 3: Comparison of Porphyry Copper Deposit 
Features with the Features of Copper-Gold 
Mineralization within the Mazinaw Terrane.

Cordillera

mineralization is widely dispersed in porphyritic 
intrusions or adjacent country rocks

grades are generally low and the deposits are mined 
by large tonnage methods

most are related to calcalkalic to alkalic, epizonal, 
porphyritic intrusions (typical depths of emplacement 
4-2 km)

Mazinaw Terrane

mineralization is widely dispersed in country rocks 
and is present in intrusive rocks

no data

Mazinaw Terrane mineralization appears to be 
related to epizonal intrusions of calcalkalic to weakly 
alkalic affinity near volcanic centres

typical host rock suites are granodiorite to granite or 
diorite to syenite

multiple intrusions are characteristic, but 
mineralization relates to specific intrusive episodes

dike swarms and breccia pipes typically accompany 
mineralization

trondhjemrtes may represent altered granodiorites; 
Buffadison occurrence associated with diorite

mineralization appears to be related to one plutonic 
suite which was intruded late in development of 
supracrustal sequence

brecciation reported from Cook occurrence, locally 
present at Helena prospect

both the intrusions and the country rock are strongly 
and pervasively fractured

alteration is widespread and zoned

size is important. A deposit in the Cordillera must 
contain at least 20 million tonnes of at least Q.1% Cu 
to be classed as a porphyry copper.

Buffadison occurrence

difficult to ascertain as M2 metamorphism has 
overprinted alteration zones. Dolomitization adjacent 
plutons may represent regional alteration. M2 biotite 
porphyroblasts generally red in mineralized areas 
and green elsewhere in area, may reflect earlier 
alteration signature. Feldspars in trondhjemites not 
fresh, may represent albitic alteration from original 
granodiorite composition. Moore and Morton (1986) 
report alteration adjacent to Buffadison occurrence 
and stocks north of Marlowe, but features of 
alteration not characterized. More work needs to be 
done in Mazinaw Terrane on this topic, however 
preliminary indications suggest widespread alteration 
around the intrusions.

no data
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RECOMMENDATIONS FOR EXPLORATION

The porphyry copper model provides prospectors with a conceptual framework for explaining 
the occurrence of widespread, generally low grade copper-gold mineralization within the 
northwestern Mazinaw Terrane. Exploration should concentrate on the Michell Bay area, and the 
Buffadison occurrence, and should focus on the late trondhjemite intrusive rocks and the marbles 
adjacent to them. If a porphyry copper system is present, it is likely that surface exposures are 
located in the outer shell of the mineralized zone, and that more significant mineralization lies at 
depth. In the Cordillera, induced-polarization has been a successful tool in outlining the pyritic 
shell of porphyry copper systems, and such methods may be applicable here. Despite the effects 
of the M2 metamorphism, detailed mineralogic work in the vicinity of the copper-gold deposits 
may be able to outline the alteration signature of the intrusive rocks. Knowledge of the detailed 
alteration pattern will also assist in exploration. M2 metamorphism has caused recrystallization 
of ore and gangue minerals in the rocks, but in the case of sulphides,.it appears to have increased 
grain size without causing any substantive remobilization.
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CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO GEOLOGICAL 
SURVEY PUBLICATIONS

Conversion from SI to Imperial

57 Unit Multiplied by Gives

Conversion from Imperial to SI

Imperial Unit Multiplied by Gives

LENGTH
1 mm -
1 cm
1m
1m
1km

1 cm2
1 m2
1km2
lha

1 cm3
1m3
1m3

1L
1L
1L

lg
lg
1kg
1kg
It '
1kg
It

Ig/l

Ig/t

0.039 37
0.393 70
3.28084
0.049 709 7
0.621 371

0.155 0
10.763 9
0.386 10
2.471 054

0.061 02
35.314 7

1.308 0

1.759 755
0.879 877
0.219 969

0.035 273 96
0.032 150 75
2.20462
0.001 102 3
1.102311
0.000 984 21
0.984 206 5

0.029 166 6

0.583 333 33

inches 1 inch 25.4
inches 1 inch 2.54
feet 1 foot 0304 8
chains 1 chain 20.116 8
miles (statute) 1 mile (statute) 1.609 344

AREA
square inches 1 square inch 6.451 6
square feet 1 square foot 0.092 903 04
square miles 1 square mile 2.589 988
acres 1 acre 0.404 685 6

VOLUME
cubic inches 1 cubic inch 16387 064
cubic feet 1 cubic foot 0.028 316 85
cubic yards 1 cubic yard 0.764 555

CAPACITY
pints 1 pint 0.568 261
quarts 1 quart 1.136 522
gallons 1 gallon 4.546 090

MASS
ounces (avdp) 1 ounce (avdp) 28.349 523
ounces (troy) 1 ounce (troy) 31.103 476 8
pounds (avdp) 1 pound (avdp) 0.453 592 37
tons (short) 1 ton (short) 907.184 74

- tons (short) 1 ton (short) 0.907 184 74
tons (long) 1 ton (long) 1016.046 908 8
tons (long) 1 ton (long) 1.016 046 908 8

CONCENTRATION
ounce (troy)/ 1 ounce (troy)/ 34.285 714 2
ton (short) ton (short)
pennyweights/ 1 pennyweight/ 1.714 285 7
ton (short) ton (short)

mm
cm

m
m

km

cm2
m2

km2
ha

cm3
m3
m3

L
L
L

g
g

kg
kg

t
kg

i

fi'i

g'l

OTHER USEFUL CONVERSION FACTORS

1 ounce (troy) per ton
1 pemnyweight per ton

Multiplied by
(short) 20.0 pennyweights per ton (short)
(short) 0.05 ounces (troy) per ton (shorl )

Note: Conversion factors which are in bold type are exact. The conversion factors have been taken from or have 

been derived from factors given in the Metric Practice Guide for the Canadian Mining and Metallurgical Indus 

tries, published by the Mining Association of Canada in co-operation with the Coal Association of Canada.


