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There are numerous generations of variably strained quartz veins: some of the intradeposit veins 
are folded, transposed and dismembered. The presence of barite within and near some of the 
mineralized rocks remains an enigma. Various other types of alteration, not restricted spatially 
or temporally to the Hemlo gold deposit, include skarn assemblages, epidote, hematite, 
microcline, and pyritiferous zones. 

A synthesis of geological events suggests that the Hemlo gold deposit is hosted in a zone of 
rocks that exhibits high-strain and evidence of protracted magmatic/hydrothermal activity. The 
mineralization occurs mainly within transposed metasedimentary rocks, and to a lesser degree, 
structurally adjacent, quartz-plagioclase-phyric rocks. Field relationships indicate that the 
deposit is not stratiform: features indicative of a stata-bound deposit area equivocal. Evidence 
for an exhalative/epithermal deposition is lacking. Field relationships suggest that the 
mineralization: post-dates most, if not all, regional folding; overprints transposed units; possibly 
predates, or is synchronous with, at least one regional peak thermal metamorphic event; predates 
dikes related to large-scale plutonism; predates dextral shear, which post-dates plutonism; and 
underwent a third possible metamorphic event under largely brittle strain conditions. 

Although some of the features of the Hemlo gold deposit setting resemble that of a porphyry 
deposit, the characteristics, overall, are considered to be more consistent with a metamorphosed, 
deformed, shear-zone hosted, structurally controlled, mesothermal deposit The role of the high-
strain zone as a deep-seated conduit for fluids and metals, the timing of mineralization relative to 
polyphase deformation, and the role of the quartz-plagioclase porphyry spatially associated with 
the Hemlo gold deposit remain unclear. The remobilization of enriched metals, and 
modifications to the alteration characteristics due to metamorphism and deformation are 
considered to be more profound than is generally acknowledged. 
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THE GEOLOGY OF THE 

HEMLO GOLD DEPOSIT AREA 

BY 

T.L. MUIR 

Background Information 

Introduction 

The initial stages of mining development in the Hemlo gold deposit provided an opportunity for 
the Ontario Geological Survey to follow through on earlier regional mapping. A detailed 
mapping project of the vicinity of the Hemlo gold deposit would enhance general knowledge of 
the setting, and perhaps the genesis, of the deposit Results of the study would also point the 
way to further investigations that would allow testing and evaluation of various aspects, which 
otherwise could not be resolved from a normal mapping project. 

The scope of the project included detailed mapping, at a scale of 1:5000, of the surface bedrock 
geology of the Hemlo gold deposit and general vicinity. Specific, more detailed mapping, at 
scales of 1:1000,1:500, and 1:250 were undertaken on outcrop areas which were deemed to 
display features related directly to the Hemlo gold deposit, or significant general features of 
interest Preliminary investigations revealed that the geological history is complex (see below) 
and for this reason, considerable attention was paid to outcrops that had been recently cleared as 
a result of road construction, exploration, minesite construction, or mining operations 
Consequently, the limits of the map area were flexible as access and exposure conditions were 
commonly in a state of flux. By the same token, many of the outcrops examined during this 
study have since been covered or "consumed", in some cases literally minutes after being 
examined. 

Particular emphasis was placed on identification of rock types and structural history, with 
attention also being paid to metamorphism, alteration, and relative timing of various events. 
Detailed underground mapping of the Hemlo gold deposit was not carried out, although several 
underground visits were made in order to check or corroborate various lithologic and structural 
features observed on surface. A reasonably thorough study of the deposit would have constituted 
a full project in its own right, and was not undertaken. 

There are several stages of intrusion, multiple deformation events, a complicated history of 
widespread alteration and localized mineralization, and more than one stage of metamorphism. 
Each of these geological events has contributed towards the overall present rock characteristics 
and, at the same time, has tended to obscure the relationships of the rocks and the chronology of 
those very events. Hence, the geological conundrums cannot be solved by cursory examinations 
of isolated features. 

1 



The Hemlo gold deposit is large and its characteristics range considerably along strike and down 
dip. There is a multitude of previously published and currenUy presented observations ~ which 
for the most part are interpretations in themselves ~ that have accrued for the Hemlo gold 
deposit area. Some of these reported observations are apparently incompatible with each other 
and have led to various conflicting interpretations and conclusions regarding the timing and 
genesis of the Hemlo gold deposit This study is no exception in that one of the most difficult 
tasks is to integrate all of the observations such that no incompatibilities remain. At this stage, 
this is not possible, hence various questions remain to be answered. 

The reader should keep in mind that apparently contradictory observations may result from 
examination of the end results of a culmination of complex events which have occurred under 
heterogeneous conditions of primary deposition, strain, metamorphism, and 
alteration/mineralization. Problems may arise if observations are not tied into specific 
generations or stages of the geologic development 

The results on the Hemlo gold deposit presented in this report, as well as results outlined in 
related papers and theses, should be considered the first stage in an ongoing examination of one 
of Ontario's larger and more recently discovered gold deposits. Other gold camps have been 
studied for decades and, although many points peculiar to these camps have been, and are being, 
clarified by various studies, consensus has not been achieved on many issues. The Hemlo gold 
deposit is no exception. 

Needed now, in particular, are detailed underground and surface studies of the deposit at various 
locations, with co-ordination among all parties concerned to allow a synthesis of the data on a 
larger scale. Only by combining carefully obtained details of selected parts of the deposit with 
overall aspects of the geological environs will there be any reliable understanding of what 
occurred before, during, and after the formation of the Hemlo gold deposit 

Location 

The map area is located about 35 km east of Marathon, and 50 km south of Manitouwadge, 
Ontario (see Figure 1). The limits of the mapping, which lie almost entirely within Bomby 
Township, are roughly defined by latitudes 48°40'30"N and 48°43'00"N, and by longitudes 
85 o51'30"W and 8^ )02'00"W. The hamlet of Hemlo, located just inside the western boundary 
of the westernmost map sheet, now consists of four cottages at the previous site of a Canadian 
Pacific Railway stop, a logging camp, and a Ministry of Natural Resources base. The Hemlo 
gold deposit lies about 5 km east-northeast of Hemlo. 

Means of Access 

Highway 17 (Trans-Canada Highway) bisects the area in an east-west direction and provides the 
best access to the map area. The main CP (Canadian Pacific) Railway line also traverses the area 
and roughly parallels the highway, within about 1 km, to the south. Additional access was also 
gained by making use of: several mine-related roads (eg. tailings, effluent, backfill pits and 
quarries); numerous diamond drill roads; a few power lines; cut property and grid lines; and the 
pace and compass method of traversing. 

Physiography 

Relief in the map area ranges in elevation from about 310 m to about 375 m above mean sea 
level. Much of die area is characterized by a rolling relief in the range of about 15 m. Drainage 
in the area is disorganized and is part of the Lake Superior drainage basin. Bedrock exposure in 
the area is quite unevenly distributed, ranging up to 5%. However, in some places, the bedrock 
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is covered by a relatively thin veneer of overburden and stripping has been undertaken locally by 
some exploration companies to produce up to 90% exposure. 

Previous Geological Work 

The first geological survey of the area was undertaken in 1930 by J.E. Thomson (1931) (see also 
Thomson 1933). Exploration interests were essentially focussed on gold, and the particular 
discovery of gold mineralization in 1945, by Messrs. Ollmann and Williams, resulted in the 
staking of various properties overlying, and in the immediate vicinity of, the present Hemlo gold 
deposit A small-tonnage, low-grade, gold deposit was outlined at the time. 

M.W. Bartley and T.W. Page (1957) produced a geological report for the Department of 
Industrial Development of the CP Railway. A compilation map was issued by the Ontario 
Department of Mines (1972). Detailed (1:15 840) mapping of the Hemlo Area was undertaken 
by T.L. Muir in 1978 (Muir 1982b) for the Ontario Geological Survey, and later summarized 
(Muir 1985a). 

Restaking of the area by prospectors D. McKinnon and J. Larche led to property acquisition, and 
beginning in 1981, diamond drilling was initiated to outline further the previously defined gold 
deposit This resulted in the discovery of the main part of the Hemlo gold deposit, which led to 
the construction of three mines, listed from east to west: the David Bell Mine of Teck-Corona 
Operating Corporation; the Golden Giant Mine of Hemlo Gold Mines Incorporated; and the 
Williams Mine of Williams Operating Corporation. A more detailed history of exploration 
leading up to the development of the deposit has been presented by Schnieders and Smyk (1991). 

Present Field Work 

The field work for this study was undertaken during the summers of 1985 to 1989 inclusive, 
although some preliminary work was done during parts of the 1983 and 1984 field seasons. 
Mapping was done at an overall scale of 1:5000, with more detailed mapping of selected areas or 
individual outcrops at scales of 1:1000,1:500, and 1:250. 

The base maps were obtained by enlarging, from a scale of 1:20 000 to 1:5000, Ministry of 
Natural Resources Surveys and Mapping Branch map sheets numbered 20 16 5700 53900 and 20 
16 5800 53900 (which were based on 1983 air photography). These maps were updated with 
features shown in 1986 air photography (flown specifically for this project at 1:20 000 and 
enlarged to 1:5000). Additional changes to the base map, necessary because of ongoing mine-
related construction, were made, by the author, to reflect conditions as of October 1990. 

Some remarks regarding specific aspects of this project are in order. Various features of the 
local geology proved to be more complex than originally contemplated. In addition, the very 
fast-paced mining activity in the early stages of this project provided, at times, a considerable 
challenge to be at the right place at the right time, to make the best use of stripped outcrops, to 
avoid blasting, and to map outcrops before they were covered up. Consequently, some outcrops 
shown on the map are no longer exposed. On several occasions, certain areas could not be 
examined in time, resulting in patchy detailed coverage, particularly in areas that became key 
areas for resolving problems. On the other hand, the exploration, mining, and related activity 
has resulted in new exposures that are vital to a detailed study of a complex area. 

One of the fundamental difficulties in interpreting an area such as this one is to choose a 
nomenclature system that reflects best the characteristics of the rocks. Various workers in this 
area have resorted to using mostly primary rock terms (e.g., Brown et al. 1985; Quartermain 
1985; Valliant et al. 1985), mostly metamorphic terms (e.g., Burk et al. 1986; Kuhns 1986, 
1988), or some mixture of the two. There is a considerable range, even over short distances, in 
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the degree of preservation of primary features, and metamorphic, alteration, and structural 
characteristics. No one system can deal with all of the characteristics or eliminate all of the 
problems that were encountered in choosing a rock name. 

The nomenclature system chosen, for this project, places the primary emphasis on the 
interpretation of the protolith where possible, and secondary emphasis on fabrics or textures. 
However, the units depicted on the map represent a number of lithotectonic units. Rocks within 
the lithotectonic map units may display a considerable range in characteristics (e.g., grain size, 
texture, fabric development), but commonly share many compositional and textural features. 
Because of the complex deformation history, the lithotectonic units no longer represent complete 
primary stratigraphic units, or continuous stratigraphic sections. For these reasons, no formal 
stratigraphic nomenclature has been implemented for the volcano-sedimentary rocks. 

The present configuration and characteristics of the rocks represents the summation of all of the 
numerous depositional, structural, intrusive, metamorphic, and alteration events that the rocks 
have been subjected to. As such, it was deemed appropriate, for this report, to develop a 
background description for the various rock types and the geological events before discussing 
specific detailed maps. Hence, the detailed maps produced during this study are presented after 
a description of the rock units, structural elements, and deposit features. Photographs and 
sketches of a variety of features found in any one outcrop are integrated with the outcrop maps. 
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General Geology 

Introduction 

The Hemlo gold deposit is located within the Schreiber-Hemlo greenstone belt. Figure 2 
illustrates the position of the deposit with respect to other important mining areas, namely 
Beardmore-Geraldton (Au), Winston Lake and Manitouwadge (volcanogenic massive 
sulphides-base metals), Wawa (Au, Fe), and Missanabie (Au). 

Initial geochronological results indicate that the supracrustal rocks of the Schreiber-Hemlo 
greenstone belt may comprise more than one tectonic assemblage (see Thurston 1991 for a 
definition of assemblage), bounded by structural discontinuities (Corfu and Muir 1989a, 
Williams et al. 1991). Differing views as to the construction of the greenstone belt also have 
been presented (e.g., Pan and Fleet 1991a). One possible discontinuity could be the east-striking 
Hemlo fault zone which crudely divides the map area in half. There is, presently, insufficient 
evidence to confirm or refute this interpretation, hence distinctions with regard to tectonic 
assemblages are not made in this report Owing to similarities and differences between rocks 
north and south of the Hemlo fault zone, the rock descriptions note comparable and contrasting 
features where appropriate. The regional geology has been compiled and is presented in Figure 
3. 

Nonetheless, sufficient evidence is present to determine that the supracrustal rocks within the 
Hemlo gold deposit map area consist of a number of juxtaposed lithotectonic units. The units, 
which are depicted on the detailed lithologic maps, consist of one or more rock type, and may or 
may not be fault bounded. On the map area scale, a preserved original primary stratigraphic 
section is no longer present, although some general relationships are likely conveyed. 

The map area is underlain by medium-grade, moderately to highly deformed, metamorphosed 
rocks that are predominantly sedimentary in origin. Many of the units are feldspathic and are 
interpreted to be derived from reworked felsic to intermediate, calc-alkalic volcanic detritus. 
Other units are relatively immature and are likely derived from mixed provenances, some of 
which may be external to this part of the greenstone belt. Central to the map area is a collection 
of units, referred to in this report as the "quartz-feldspar porphyritic complex", because it is 
interpreted to constitute porphyritic pyroclastic and subvolcanic components. This unit could be 
the source of the reworked detritus. 

The feldspathic metasedimentary rocks have been subdivided into types of siltstone, arenite, 
quartz crystal arenite, lithic arenite, and conglomerate, based on differences in composition, 
grain size, abundance of fine matrix material, and the occurrence of quartz and plagioclase 
phenoclasts. Other varieties have been termed gneiss or schist where an interpretation of 
protolith was deemed unsuitable. 

The immature metasedimentary rocks have been subdivided into types of siltstone, wacke, and 
conglomerate, based on the above criteria. Additional varieties have also been termed gneiss or 
schist. 

Mafic rocks occur in parts of the area but display primary volcanic features in only a few places. 
Amphibolitic and gneissic varieties of mafic rocks are more common because of metamorphic 
grade and tectonism. Intermediate calc-alkalic pillowed rocks occur in one small area along 
Highway 17 in the west part of the map area. 

The supracrustal rocks in the vicinity of the map area are bounded by granitoid intrusions that 
comprise: the Cedar Lake Pluton, consisting of equigranular and microcline-megacrystic 
granodiorite; the Cedar Creek Stock (a satellite intrusion to the Cedar Lake Pluton), consisting 
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mostly of granodiorite; the Heron Bay Pluton, consisting of massive and megacrystic 
granodiorite; and the Pukaskwa Gneissic Complex, which forms a large, multiphase, tonalite-
granodiorite terrain. 

Numerous Neoarchean dikes of various composition, texture, and age occur in various 
abundances throughout the map area. The dices range from essentially ultramafic to felsic in 
composition, equigranular to porphyritic, and weakly foliated to very schistose. These rocks are 
intruded by 2 or more sets of Paleoproterozoic to Mesoproterozoic diabase dikes. Later 
lamprophyre dikes, thought to be of Mesoproterozoic age, have intruded all of the above rocks. 

There are at least 4 generations of folds, 2 generations of which are recorded across the area and 
are associated with highly strained rocks. Dextral- and possibly sinistral-sense ductile shearing 
has occurred. The former appears to be the last recognizable ductile event. Several stages of 
brittle faulting have been noted also. 

Regional metamorphism may have been multistage as indicated by development and 
retrogression of some types of porphyroblasts. Various types and stages of alteration may have 
spanned a considerable period of time, under both ductile and brittle deformation regimes. 
Rocks spatially associated with the Hemlo gold deposit were altered, at various stages. Types of 
alteration include microclinization, albitization, silicification, carbonatization, biotitization, and 
tourmalinization. Altered rocks are enriched in Au, Mo, Sb, Hg, As, Tl, V, and Ba. 

The rocks are locally highly strained and altered and considerable difficulty is experienced in 
consistently distinguishing between pyroclastic, sedimentary, and tectonically induced, 
pseudofragmental rocks. Notwithstanding the limitations to the universal application of 
empirical observations, the following empirical discrimination criteria were devised and used for 
this study: 

1) Pyroclastic rocks are commonly associated spatially with porphyritic, felsic fragmental rocks 
that are weakly to poorly bedded or layered. Sedimentary rocks are generally intermediate to 
felsic in composition, (locally mafic), and display layering mat is better defined and more 
compositionally variable from layer to layer, compared to the pyroclastic rocks. In both cases, 
primary features such as grading of crystal and lithic fragments/clasts, are locally recognizable. 

2) Sedimentary rocks mat tend to have plagioclase and/or quartz phenoclasts, are felsic or felsic 
to intermediate in composition; where spatially associated with pyroclastic rocks, the 
sedimentary rocks are considered to be composed of reworked, "locally"-derived, volcanic 
detritus. Sedimentary rocks that are intermediate or intermediate to mafic in composition, lack 
megascopically recognizable plagioclase and, particularly, quartz crystals, and display 
compositionally distinct layers that are considered to be derived from mixed provenances 
including distal sources. 

3) Fragmental rocks are unpreferentially distributed and consist of roughly equidimensional 
lenses, which generally constitute a variety of rock types (i.e., competencies). Monolithic 
breccias are problematic where sericitic schistosity planes are all that separate one "lens" from 
another. 

4) Tectonic pseudobreccias have formed: by transposition and disruption of layers of notably 
contrasting composition; by axial planar cleavage infilling, generally at the noses of folds, 
resulting in non-random distributions of lenses of competent material (based on well-exposed 
sections displaying tight to isoclinal folds); and by development of anastomosing cleavage in 
rocks that are relatively isotropic compositionally. Boudinage of layers and dikes results in 
trains of tabular to subtabular boudins mat are preferentially distributed; these may, in highly 
strained rocks, be somewhat reminiscent of a fragmental texture. 
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The descriptive sections which follow are designed to provide the overall larger-scale features, 
and variations among those features. As all supracrustal rocks in the map area have been 
tectonically deformed, the term "massive", as used in this report, refers to metavolcanic rocks 
that display no primary volcanic features. These rocks commonly display secondary structural 
features. Petrographic results are provided as a preliminary data base for comparing "unaltered" 
and altered equivalents; the data are not part of a detailed petrochemical study. 

Sedimentary layering thicknesses are defined as follows: 
thinly laminated <0.3 cm 
thickly laminated 0.3 to 1 cm 
very thinly layered 1 to 3 cm 
thinly layered 3 to 10 cm 
medium-thick layered 10 to 30 cm 
thickly layered 300 to 100 cm 
very thickly layered 1 to 3 m 

As virtually all units dip moderately to steeply to the north in the map area, and as isoclinal folds 
are present, terms such as "structurally overlying", "upper", and various other deriviatives, refer 
to a relative direction that is across strike in the direction of dip. 

Table 1 presents the lithologic units that are described in this report. Tables 2 and 3 present 
slightly condensed versions of the legends and symbols lists derived from the detailed lithologic 
and structural maps for the area (1:5000). These tables are intended for use with the figures 
presented in the report. The photographs are organized into plates partly in the order of features 
discussed in the text, and partly by location. For instance, in the section on Detailed Work On 
Selected Outcrops And Areas Of Outcrop, the photographs pertaining to a particular outcrop are 
grouped together, for easy reference, even though the features displayed are collectively 
presented in several sections in the report Similarly, some of the figures display a broad range 
of features that are covered in several sections, but numbered in accordance with the order in the 
report of the most important feature depicted. 

The generalized geology of the Hemlo gold deposit area has been summarized in 3 figures: a 
lithologic map pertaining to this section (see Figure 4); and a planar fabric (form surface) map 
(Figure 7) and linear fabric map (Figure 8) pertaining to the section on structural geology. 
Analytical results for various rock types, keyed to the table of contents of this report and the 
main legend of the detailed maps, are presented in Tables 4A and 4B. The U-Pb isotopic ages 
from Corfu and Muir (1989a, 1989b) are summarized in Table 5 and Figure 6. 

Archean 

Metavolcanic Rocks (Units 1,2, and 3) 

Mafic Tholeiitic Metavolcanic Rocks (Unit 1) 

The mafic metavolcanic rocks (Tables 1,4A, 4B) are variably recrystallized, have locally 
retained primary volcanic features, and include amphibolite and amphibolitic gneiss. Mafic 
metavolcanic rocks occur in four general areas within the map area: to the west around Botham 
Lake; to the north in the vicinity of the Hemlo Gold Mines tailings pond; to the south, bordering 
the Pukaskwa Gneissic Complex; and across the map area as a relatively thin strip that lies 
within and/or adjacent to the Hemlo fault zone. 
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Massive Flows (Unit la) and Pillowed Flows (Unit lb): Including 
Variolitic Flows (Unit lc), Plagioclase-phyric Flows (Unit Id), Flow-
top Breccias or Pillow Breccias (Unit le), and Amygdaloidal Flows 

Massive and pillowed flows occur in several places. Those south of the Hemlo Gold Mines 
tailings pond locally display north-facing tops. Pillowed mafic flows that occur east, and along 
the south shore, of Botham Lake are south facing (see Plate la). Pillowed flows are present also 
along the section of Highway 17 in the vicinity of the microwave tower in the west part of the 
map area. However, they are too deformed to yield top determinations. To the south of the 
Hemlo fault zone, only one, highly equivocal example of a pillow selvage was noted in mafic 
rocks, about 550 m north of the northwest end of "Lim" Lake. Rare examples of pillowed flows 
containing quartz-fiUed-amygdules and plagioclase-phenocrysts were noted, along the south 
shore of Botham Lake. Amygdaloidal and variolitic flows, possibly pillowed, are locally found 
along Highway 17, southeast of Botham Lake. 

Discrete units of massive, pillowed, or variolitic amphibolitized mafic flows could seldom be 
traced for distances greater than 10 metres. All 3 types of flows occur in the vicinity of each 
other, along Highway 17 (STOP 28: Muir 1991), near the microwave tower. The varioles, noted 
only at this locality, are slightly lighter in colour than the matrix. Although the varioles appear 
not to be significantly different in composition from the matrix, they form discrete and coalesced 
features. Tliis collection of mafic flows extends across the map area as a continuous map unit. 
However, from west to east, the unit loses remnant primary features, and becomes amphibolite, 
gneissic amphibolite, and/or mafic schist 

Possible flow top breccias were noted in a few places south of the Hemlo Gold tailings pond, and 
along Highway 17 in the vicinity of the microwave tower. Possible pillow breccias were noted 
along Highway 17 in the same general vicinity, as well as in several places along the shore of * 
Botham Lake and to the east of Botham Lake, where there are small exposures of mafic rocks 
containing subrounded to subangular mafic fragments displaying vague reaction rims. Almost 
all of these examples lie adjacent to metasedimentary rocks. Subrounded to subangular mafic 
fragments were noted within garnet-anthophyllite/cummingtonite-bearing siltstone that lies 
immediately adjacent to mafic pillowed flows to the south of the Hemlo Gold Mines tailings site. 
One speculative interpretation is that the fragments represent a primary feature that formed from 
lava, as flow or breccia (flow top?, pillow?) fragments that flowed or fell onto unlithified muds. 

Garnetiferous flows, generally pillowed, are locally present in all units displaying pillows. The 
most prolific garnet development occurs at the Hemlo Road turnoff at Highway 17 and in 
outcrops to the east of Botham Lake. Garnet porphyroblasts were noted both in pillow cores and 
selvages. 

Thin interflow gray to black metasiltstone and metawacke units are locally present, such as along 
Highway 17 east of the Hemlo Road turnoff. These units commonly form schistose, pyritiferous 
gossans. 

Amphibolite (Unit lg) 

Mafic amphibolite, as used in this report, has no primary volcanic features, but is interpreted to 
be volcanic in origin because of the general proximity to documentable volcanic flows. It is 
possible that some of the medium- and coarse-grained amphibolite represents metamorphosed 
gabbro (i.e., intrusions). 

Amphibolite generally displays no, or weakly developed, layering, although locally, amphibolite 
is spatially associated with gneissic amphibolite. Variations in the abundance of biotite and/or 
chlorite, in addition to oriented amphibole, contribute to defining variations in the development 
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of schistosity. Biotite and/or chlorite are commonly present in minor to significant amounts. 
The more schistose varieties of amphibolite are generally found within, or south of, the Hemlo 
fault zone. 

Garnetiferous amphibolite is locally present within the Highway 17 unit, west of the east end of 
"Fault" Lake, in the Botham Lake unit, and at the south end of "Emma" Lake. 

The degree of recrystallization of the mafic rocks is locally wide ranging over short distances. 
For example, along Highway 17, about 800 m east of the microwave tower, fine-grained 
variolitic, pillowed flows occur on the south side of the highway, whereas medium-to coarse
grained amphibolite and gneissic amphibolite occur in the north side. The position of the Hemlo 
fault zone coincides approximately with Highway 17 at this locality; hence, the textural change 
in the mafic amphibolite may reflect differences in metamorphic grade across the Hemlo fault 
zone, and/or the effects of different, localized fluid abundances during metamorphism. 

Plagioclase-Porphyritic Amphibolite (Unit lh) 

A few, relatively distinct units of amphibolite containing sparse to numerous, white to pale 
greenish white lenses are present south of the Hemlo fault zone. These units are colloquially 
referred to as "poker chip amphibolite" (G. Grant, personal communication, 1986) because the 
lenses are commonly considerably flattened. However, in less deformed parts of the units, some 
of the lenses have subangular shapes and in thin section, consist of saussuritized plagioclase. 
These lenses are interpreted in this report to be variably strained, plagioclase phenocrysts within 
mafic flow(s). The lenses have been previously interpreted to be varioles (Siragusa 1984a, 
1984b, 1985) and fragments in tuff (Muir 1982b). 

Although the abundance and size of the lenses ranges considerably from place to place, similar, 
but less deformed features occur within mafic rocks north of the Pukaskwa Gneissic Complex, at 
various places. Thus, the plagioclase-porphyritic amphibolite units appear to extend along a 
strike length of over 60 km (Muir 1988), from Lake Superior (Muir 1982a, 1982b) to Animons 
Lake (south-southeast of White Lake which lies to the east of the map area) (Siragusa 1984a, 
1984b, 1985). 

Gneissic Amphibolite (Unit li) 

Gneissic amphibolite occurs within or adjacent to the Hemlo fault zone as well as in the area to 
the south of this zone. The gneissosity ranges from weakly to well developed. Well-developed 
gneissosity tends to be most common within about 500 m of the contact with the Pukaskwa 
Gneissic Complex (see Plate lb). 

The more weakly developed and moderately developed layering tends to be defined by 
variations in the abundance of amphibole, biotite, and chlorite. Well-developed gneissosity is 
also defined by various abundances of epidote and feldspar ± quartz. In some cases, it appears 
that the quartzo-feldspathic layers have resulted from either in situ melting or injection of a 
variety of granitic melts. Locally, near the Pukaskwa Gneissic Complex, the rocks take on the 
appearance of lit par lit migmatites. Gneissic amphibolite within the Hemlo fault zone locally 
displays numerous, multiply folded and transposed veins and veinlets consisting of epidote, 
quartz, and quartz + feldspar (e.g., STOP 25B: Muir 1991). 

Some outcrops consist of amphibole-, biotite-, and/or chlorite-rich layers which are adjacent to 
amphibolite with little or no layering. The layered rocks, such as found locally along Highway 
17, have an overall mafic composition. These well-layered rocks originally may have been 
layered, interflow, sedimentary material. 

10 



Chlorite ± Biotite ± Amphibole Schist (Unit lj) 

Locally there are mafic schists that are principally composed of various proportions of chlorite, 
biotite, amphibole and plagioclase. These rocks are generally adjacent to mafic metavolcanic 
rocks, and as such, are interpreted to have had a volcanic origin. Mafic schists are locally found 
within the Hemlo fault zone near the structurally overlying contact of the unit of mafic rocks in 
which they lie (STOP 25A: Muir 1991). They occur almost invariably with a crenulated fabric, 
and locally display multiple fabrics and back-rotated lozenges which suggests they are the 
product of shearing. 

Intermediate Calc-Alkalic(?) Metavolcanic Rocks (Unit 2) 

Rocks in this category (Table 1) are found at one locality as pillowed calc-alkalic(?) flows. 

Pillowed Flows (Unit 2a) 

A few outcrops of intermediate pillowed flows occur along Highway 17 at the west end of the 
map area (STOP 29: Muir 1991). The pillows are distinguished from mafic tholeiitic pillowed 
flows by composition, and more importantly by thicker selvages, rounder pillow shape, and 
biotite-rich selvages with hornblende-bearing cores. Locally, small (1-2 mm) plagioclase 
phenocrysts and amygdules are observed. The rocks are, however, presently alkalic in 
composition. A chemical analysis (Tables 4A and 4B), may indicate that the rock is a high-
alumina andesite or basalt Pyrite is locally common within the selvages. Asbestiform tremolite 
or grunerite is present on some subhorizontal fractures in these outcrops. The outcrop is intruded 
by 2 fine-grained, pinkish gray dikes. One contains biotite phenocrysts. The other has been 
hematized. 

The unit immediately adjacent to the pillows consists of numerous flattened clasts that are 
relatively monolithic. The clasts are texturally and mineralogically similar to that of the pillow 
cores. This unit may be a pillow breccia or a genetically related pyroclastic deposit. 

Felsic to Intermediate Metavolcanic and Metasubvolcanic Rocks (Unit 3) 

Rocks in this category (Table 1) comprise quartz-plagioclase-phyric units that are interpreted to 
be pyroclastic in origin, where fragments are present, or subvolcanic in origin, where neither 
fragments nor primary layering was recognized. These deposits occur only north of the Hemlo 
fault zone. There is, however, one narrow unit south of the fault and north of "Molson Light" 
Lake, that although somewhat similar in appearance, has been interpreted to be feldspathic 
quartz crystal arenite because of its greater similarity to like units such as the one just south of 
the David Bell Mine. 

Many of the metavolcanic/metasubvolcanic units are presently intermixed and contiguous or 
nearly so. These rocks form what is termed the "quartz-feldspar-porphyritic complex", or QFPC 
(Muir 1985b), because of the complex association of different characteristics of rocks with 
similar quartz and plagioclase phenocrysts. The QFPC is thickest at the west end of the 
Williams property and thins to the east. At its western end, the QFPC appears to comprise a 
number of separate, elongate, irregularly-shaped bodies (Figure 4), some of which extend 
beyond the map limits. Much of the present configuration of the QFPC is considered to be a 
result of tectonism, and the original relationship of the porphyritic rocks to adjacent feldspathic 
arenite and wacke units is unknown (see Figure 5; Plate lc). The distribution of the felsic 
quartz-feldspar-porphyritic rocks suggests that the eastern part of the QFPC may have been 
folded into an "S"-shaped configuration (Figure 4). 
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A sample of altered "subvolcanic" quartz-plagioclase-phyric rock yielded a U-Pb age of 2772 ± 
2 Ma (Corfu and Muir, 1989a; Figure 6). 

Much of the QFPC occurs within, or near, the zone of most intense alteration that is spatially 
associated with the Hemlo gold deposit (Figure 4, and detailed Lithologic Map). It is, therefore, 
difficult to ascertain which rocks were originally felsic or intermediate in composition in these 
areas (Tables 4A and 4B). Of the unaltered to slightly altered rocks, the felsic units appear to be 
much more common than intermediate units. 

Quartz-Plagioclase-Phyric Pyrodastic Rocks 

Unequivocal pyroclastic features are not present because of the degree of deformation and 
alteration. However, some well-defined, possibly graded units of porphyritic, monolithic and 
heterolithic fragmental rocks are present. There is an intimate spatial association of the 
fragmental rocks with "massive" quartz-plagioclase-phyric rocks. The lack of recognizable 
flow-top breccias, and the presence of local equivocal examples of intrusive relationships is 
consistent with a subvolcanic origin although it is possible that the "massive" rocks may 
represent one or more thick lava flows. 

Lapilli-Tuff and Tuff (Unit 3a) 

Lapilli-tuff and tuff are the most common pyroclastic rock type in the map area. Outcrops 
displaying lapilli-tuff units are commonly spatially associated with tuffaceous units or tuff-
breccia units. 

Tuffaceous units are generally felsic, and not volumetrically significant within the QFPC. These 
units generally contain some proportion of lapilli-size fragments and are spatially associated with 
lapilli-tuff. The lapilli are generally felsic, with a lesser proportion of fragments of intermediate 
composition. Some units contain no recognizable lapilli. Quartz and/or plagioclase phenocrysts 
are present in various abundances. Layering, which is generally evident, ranges from weakly to 
moderately well preserved. 

Locally there is either flow-banded-like layering or bedded-tuff-like rock. In one case, there is 
an "M"-shaped fold (exposed fold incomplete) in rock that otherwise appears to be quartz-
plagioclase porphyry (See Plate Id). This layering is defined by differences in grain size, slight 
compositional variations, and by a layer-parallel fabric. The layering is intersected by an axial 
planar cleavage and is cut by axial-planar-parallel, plagioclase-porphyritic dikes. The geometry 
of the fold and its relationship to porphyritic dikes is more likely that of an F? generation fold, 
based on empirical observations. The layering is not thought to represent folded 
tectonometamorphic layering and hence may be primary (See section on Structural Geology for 
descriptions of generations of structural elements). 

Lapilli-tuff comprises monolithic and heterolithic varieties. Monolithic varieties are generally 
felsic in matrix composition (See Plate le) and consist mostly of quartz-plagioclase-phyric 
fragments in a more highly strained matrix of similar mineralogy. In some units, porphyritic 
textures in lapilli vary, based on grain size and phenocryst proportion. Heterolithic varieties (See 
Plates If and 2a) have a matrix which is intermediate to felsic in composition. Felsic to mafic 
fragments are present, although mafic fragments are uncommon. Non-porphyritic fragments are 
commonly present (e.g., STOP 20A: Muir 1991). Locally the fragments have undergone 
considerable "flattening" (Plate le). 

Distinctive traceable subunits are not present, although well-defined contacts are locally seen on 
stripped outcrop surfaces. In some cases, there are indications that the fragments are graded by 

12 



size. Preserved grading of fragments, from coarser to finer, generally faces to the south, 
although reversals are present 

Lapillistone (Unit 3b) 

Lapillistone units are similar to lapilli-tuff in basic characteristics, except for the greater 
proportion of lapilli-size fragments (See Plate 2b). The porphyritic or aphyric fragments are 
generally more felsic than the matrix. Lapilli in lapillistone units tend to be more heterolithic 
and more commonly porphyritic than in lapilli-tuff units (See Plate 2c). Felsic and intermediate 
varieties of lapillistone are present, but no individual units were traced along strike. 

Tuff-Breccia (Unit 3c) 

Units of tuff-breccia occur within the QFPC, commonly spatially associated with lapilli-tuff 
and/or lapillistone. These units are not traceable for any significant distance. Except for the 
abundance of block-size fragments, many of the overall characteristics of the tuff-breccia units 
are similar to those of lapilli-tuff. Felsic and intermediate varieties of tuff-breccia are present. 

"Massive" (Subvolcanic?) Rocks 

"Massive" quartz-plagioclase-porphyritic rocks are sufficiently intermixed with rocks that are 
interpreted to be pyroclastic that they could not be consistently delineated by contacts on the 
map. Whether this is due to primary depositional/intrusive relationships and/or tectonic 
processes is not clear. The "massive" rocks could be parts of thick flows with some of the 
adjacent monoclastic rocks being flow top breccias, or they could be thick tuffaceous deposits. 
The latter possibility is not favoured because of the almost ubiquitous presence of layering of 
thin to medium thickness in intermixed units within the QFPC. The strain recorded in the rocks 
indicates that layering thickness, where related to original bedding, has been considerably 
attenuated: this would also tend to enhance any faint or large-scale layering in originally thick-
bedded tuff. 

Quartz-Plagioclase Porphyry (Unit 3d) and 
Plagioclase Porphyry (Unit 3e) 

Quartz-plagioclase porphyry and lesser amounts of plagioclase porphyry locally constitute the 
majority of the QFTC. The plagioclase porphyry, within the map area, is largely confined to the 
area extending from the vicinity of Botham Lake and to the west. The unit appears to be separate 
from the quartz-plagioclase porphyritic units to the east, although this may, in part, be the result 
of tectonism. The quartz-plagioclase porphyry which forms the footwall to much of the Hemlo 
gold deposit has been termed the "Moose Lake porphyry" by Kusins et al. (1991). 

The main quartz-plagioclase unit appears to be thickest on the west part of the Williams property 
at the inflection of the strike of the volcano-sedimentary rocks. The distribution of the quartz-
plagioclase porphyry rocks west of here is consistent with primary and/or tectonic interfingering 
with feldspathic rocks containing quartz and plagioclase phenocrysts or phenoclasts. East of the 
thickest part of the quartz-plagioclase porphyry it appears mat the rock type is restricted to one 
unit (e.g., STOP 20B: Muir 1991), although this configuration is complicated by possible folding 
in the vicinity of the David Bell Mine. 

The quartz-plagioclase porphyry is commonly felsic in composition, displays few or no 
fragments, and generally ranges from weakly to moderately foliated. Locally, quartz-plagioclase 
porphyry appears to be texturally massive: In thin sections, evidence of strain is essentially 
limited to weakly strained quartz phenocrysts. 
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Overall, the rocks appear to be mixed with units that are interpreted to be pyroclastic in origin. 
A distinction between quartz-plagioclase porphyry and lapilli-tuff/tuff is locally difficult because 
altered fragments are not very distinct from the matrix (e.g., see section on detail of Williams 
"C" Zone east outcrop). 

Quartz-Eye-Sericite Schist (Unit 3f) 

Quartz-eye-sericite schist occurs adjacent to, or in the immediate vicinity of, quartz-plagioclase-
phyric rocks (e.g., STOP 23: Muir 1991), as well as north of "Fault" Lake (e.g., STOP 27: Muir 
1991). The rocks in this category are sufficiently tectonized and/or altered that plagioclase 
phenocrysts are interpreted to be largely destroyed, and a more specific interpretation of the 
protolith commonly is not possible. 

The quartz-eye-sericite schist is also locally spatially associated with sericite schist. The sericite 
schist may have been derived from quartz-plagioclase-phyric rocks by destruction of the 
phenocrysts, or from sericitization and deformation of metasedimentary rocks, as deduced from 
less-altered, adjacent, layered rocks. A few of the quartz-eye-sericite schist units appear to be 
isolated and may have been intrusive rocks, but distinct from later quartz-plagioclase dikes (unit 
14b). 

Metasedimentary Rocks (Units 4 and 5) 

Rocks in this category (Table 1) are considered to be derived from water-deposited sediments 
because of the locally preserved, primary sedimentary features and the well-defined 
compositional layering. Two main types of metasedimentary rocks have been designated, based 
largely on composition: "feldspathic" and "immature" rocks. Some of the subdivisions within 
Feldspathic Metasedimentary Rocks, namely siltstone, arenite, and conglomerate, have 
counterparts within "Immature Metasedimentary Rocks", namely siltstone, wacke, and 
conglomerate; the difference being mainly in textural maturity. Other subtypes have been used, 
as appropriate for each main type. 

Few primary features are unequivocally recognized because of the effects induced by polyphase 
deformation manifest as considerable low-angle faulting, attenuation, folding, transposition, and 
shearing. Grading is only locally preserved. Elsewhere, features suggestive of grading, 
crossbedding, scour channels, and flame structures were observed but were too equivocal in the 
author's view to record on the map as such. However, the following features are indicated on the 
map: the direction of apparent grading of clasts (i.e., from coarse to fine); the direction of 
repetitious colour gradations in layers (i.e., from light to dark grey), and apparent grading of 
mineralogy (i.e., from quartzo-feldspathic to amphibole/biotite). The gradations in colour and 
mineralogy may reflect primary depositional features, but the effects of metamorphism and 
deformation tend to obscure the primary attributes. 

Feldspathic Metasedimentary Rocks (Unit 4) 

In many outcrops, no consistently clear distinction can be made between feldspathic 
metasedimentary rocks and immature metasedimentary rocks based on mineralogy, 
layering/bedding characteristics, and bulk chemical composition. The unit distribution is based 
on a general felsic bulk composition of the feldspathic deposits (Tables 4A and 4B). In these 
rocks, clasts tend to have a felsic composition, commonly with plagioclase and/or quartz 
phenocrysts or phenoclasts. Mafic mineral content is generally <15%, although abundances of 
minor amounts of rocks in excess of 15% are included. A crude division between "feldspathic" 
and "immature" metasedimentary rocks in the map area was considered to be roughly 15% mafic 
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minerals, although metasedimentary rocks in the map area probably display a continuum through 
the 15% demarcation. 

Feldspathic Siltstone (Unit 4a) 

Feldspathic siltstone is commonly spatially associated with feldspathic arenite and feldspathic 
lithic arenite. It is found mostly north of the Hemlo fault zone although there are local 
occurrences north of Molson Lake and "Molson Light" Lake. Where not too highly strained, 
layering in the siltstone is moderately well preserved and ranges in thickness from thinly 
laminated (see Plate 2d) to thinly bedded. The siltstone is interbedded and/or interlayered with 
feldspathic arenites and locally amphibole-rich layers. Rare quartz phenoclasts were observed. 

Feldspathic Arenite (Unit 4b) 

Feldspathic arenite is the most common type of feldspathic metasedimentary rock in the map 
area. It is widespread, particularly north of the Hemlo fault zone where the majority of the units 
lie south of the Cedar Creek fault This rock type is commonly spatially associated with 
feldspathic lithic arenite (see Plate 2e) and/or felsic quartz-plagioclase-phyric rocks. The 
feldspathic arenite is locally interbedded and/or interlayered with feldspathic lithic arenite, 
wacke, and/or amphibole-rich layers. 

The feldspathic arenite is generally well sorted by grain size. Distinctive, small phenoclasts of 
plagioclase and/or quartz are generally <3% by volume. Lithic clasts are rare. Mafic minerals 
account for <10% of the rock. There is a wide variation in biotite:hornblende ratios. North of 
the Hemlo fault zone, the mafic minerals are generally fine to medium grained. South of the 
fault, these minerals are commonly medium grained and the biotite:hornblende ratio tends to be 
lower. 

Feldspathic Quartz Crystal Arenite (Unit 4c) 

Feldspathic quartz crystal arenite occurs in 4 places in the map area: 25 m and 200 m southwest 
of the David Bell Mine with the latter occurrence extending to the southeast for at least 3 km; a 
small, interpreted lens in the vicinity of the North Zone on the Golden Sceptre property; and a -1 
km long unit located about 350 m north-northeast of "Molson Light" Lake. These rocks are 
felsic in composition, contain various amounts of quartz crystals interpreted to be phenoclasts, 
and with the exception of the North Zone unit, display layering ranging from 1 to 15 cm thick. 
The quartz phenoclasts account for about 2 to 5% of the rock. These units are somewhat similar 
in appearance to tuff of Unit 3a. The feldspathic quartz crystal arenite is mostly spatially 
associated with feldspathic metasedimentary rocks although, in one case, immature 
metasedimentary rocks (e.g., wacke, conglomerate) form the bounding units. 

The unit north-northeast of "Molson Light" Lake is notably more schistose than the units north 
of the Hemlo fault zone. The quartz "eyes" in this unit are polycrystalline, elongated parallel to 
Lji 2* (i-e«. intersection of S j and So fabrics: see section on Structural Geology for explanation) 
ana plunge somewhat shallowly to the northwest. 

All of the quartz crystal arenite units, with the exception of the Golden Sceptre property unit, 
appear to have undergone some degree of feldspathization and contain various small amounts of 
fine-grained pyrite and green mica. The alteration, in these cases, does not appear everywhere to 
be restricted to the quartz crystal arenite units. 

Feldspathic Lithic Arenite (Unit 4d) 
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Feldspathic lithic arenite is not as widely distributed as feldspathic arenite, and is largely 
restricted to north of the Hemlo fault zone. For the most part, feldspathic lithic arenite is 
spatially associated with feldspathic arenite (see Plate 2e) as a subordinate component in many 
outcrops. An interpreted contiguous unit extends from the west boundary of the map area in the 
northwest corner, to the North Zone on the Golden Sceptre property. This unit constitutes the 
bulk of the feldspathic lithic arenite rock type in the map area. 

The feldspathic lithic arenite units are less well sorted than feldspathic arenite, having 
considerably more lithic clasts. The units are composed of a considerable proportion of fine
grained felsic material consisting mostly of plagioclase and lesser amounts of quartz. Lithic 
clasts are generally granule and pebble size, and account for <25% of the rock. Distinctive 
phenoclasts of plagioclase and quartz account for about 5 to 25% of the rock with quartz 
generally <5%. The mafic mineral content in this category ranges from almost nil to about 15%. 
There is a wide range in biotite.homblende ratios. 

Feldspathic Conglomerate (Unit 4e) 

Deposits of feldspathic conglomerate, large enough to be depicted as contiguous units on the 
map, are few. These are spatially associated with feldspathic metasedimentary rocks both north 
and south of the Hemlo fault zone. The largest unit north of the Hemlo fault zone is in the 
immediate vicinity of the North Zone and lies within the area of widespread, pervasive 
feldspathized rock. Hence, it is possible that this unit is composed of feldspathized immature 
conglomerate. Most of the other map units of feldspathic conglomerate are thin and occur as a 
subordinate component of an outcrop. 

Most of the clasts within the feldspathic conglomerate are felsic to intermediate in composition. 
Upwards of 50% of the clasts contain plagioclase and/or quartz phenocrysts. There are locally 
some clasts that are mafic in composition. These are similar in appearance to fine-grained mafic 
metavolcanic rocks or fine- to medium-grained amphibole-rich layers. 

Gneissic Feldspathic Metasedimentary Rocks (Arenite?) (Unit 4f) 

Locally there are layered feldspathic rocks in which the layering and texture of the rocks are 
more akin to that of gneissic metasedimentary rocks. The layers have somewhat diffuse 
boundaries between them and display various degrees of continuity. Some tend to terminate 
gradually by pinching out or simply becoming more diffuse. The most contiguous unit of these 
gneissic feldspathic rocks occurs along the north side of the Hemlo fault zone from near the east 
end of "Fault" Lake eastward to Moose Lake, and locally as far east as the CP Railway line. 
Other examples occur mostly south of the Hemlo fault zone. 

The layering in gneissic feldspathic rocks has some similarities to layering in feldspathic arenite, 
such as amphibole-rich layers. However, the gneissosity is characterized by cleavage-controlled 
alteration which creates additional thin layers and laminations (see Plate 2f). The thin layers and 
laminations are delineated by hematized feldspar ± epidote ± quartz + chlorite. Individual 
phenoclast-like crystal of quartz and plagioclase are rare, as are identifiable clasts. 

Locally, there are rootless isoclinal folds between some of the layers. Other feldspathic 
metasedimentary rocks in the map area could be deemed to have gneissic layering, but the term 
has been used in this report sparingly because, in most cases, the protolith of the rocks can be 
reasonably interpreted, in the author's opinion. 

Amphibole-rich Layers (Unit 41) 
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Certain layers in many of the metasedimentary units are conspicuous because of a high 
amphibole abundance. Within the feldspathic metasedimentary rocks, these amphibole-rich 
layers tend to be more feldspar rich than their counterparts in the immature metasedimentary 
rock units. The amphibole content ranges from approximately 30 to 65% and feldspar appears to 
comprise the bulk of the remainder of the layers. The layers are 0.5 cm to about 2 cm thick. 
They range from continuous across the length of an outcrop (up to several metres), to truncated 
layers up to a few metres long, to remnant layers now represented by boudins. 

In several cases, the amphibole to plagioclase ratio is asymmetrically distributed across the 
thickness of an amphibole-rich layer. In many of these cases, the asymmetry is repeated several 
times across an outcrop with a consistent sense of mineralogical grading. This type of gradation 
may reflect original chemical compositional control, but it is not clear whether inferred top 
directions can be confidently and consistently interpreted using this feature (see section on 
Amphibole-rich layers for Immature metasedimentary rocks). 

The amphibole-rich layers locally display Fj isoclines and locally S2 alignment of the 
amphibole (see section on Structural Geology for explanation of structural terminology). 

South of the Hemlo fault zone, and to a lesser and more local degree north of the Hemlo fault 
zone, amphibole-rich layers are difficult to distinguish from thin mafic dikes. Mafic dikes north 
of die Hemlo fault zone have been identified by means of cross-cutting relationships and some 
different petrochemical characteristics (Tables 4A, 4B). South of the fault, the greater degree of 
recrystailization, and possibly strain, has produced schistose (amphibole + biotite), layer-parallel 
mafic layers with no clear cross-cutting relationships. 

Sericite ± Biotite Schist (Unit 4m) 

Locally there are relatively thin (<5 m), layer-parallel zones which are characterized by a 
moderately to well-developed schistosity defined by sericite and locally biotite. In some cases 
the zones are interpreted to form a contiguous unit across part of the map area. 

The zones are generally confined to feldspathic metasedimentary rocks, but 2 of them, in 
particular, are interpreted to be on strike from, and connected with, thin quartz-plagioclase-
phyric units: one north of "Fault" Lake; and the other extending southeast from the Lower 
Mineralized Zone to the southeast of Moose Lake. In some cases, the foliation is characterized 
by anastomosing fabrics which locally have the appearance of s-c fabrics, indicating the 
schistose nature may have developed in response to ductile shear. 

Immature Metasedimentary Rocks (Unit 5) 

The following characteristics were used to distinguish between immature metasedimentary rock 
units and feldspathic metasedimentary rocks (c.f. opening paragraph on Feldspathic 
Metasedimentary Rocks). The immature metasedimentary rocks are generally intermediate in 
bulk composition, with some examples having a mafic composition (Tables 4A and 4B). 
Distinctive plagioclase crystals (phenoclasts?) are only common in some units, particularly lithic 
wacke. Distinctive quartz crystals (phenoclasts?) are uncommon overall, but are locally found 
within the lithic wacke units. Lithic clasts are commonly intermediate to felsic in composition, 
generally not porphyritic, and comparable in texture, colour, and composition to varieties of 
siltstone and wacke found in nearby units. Some clasts resemble felsic volcanic and/or granitic 
clasts. The protolith from which the clasts were derived is equivocal. 

The mafic mineral abundance of the immature metasedimentary rocks consists mostly of biotite 
and/or hornblende. Anthophyllite-gedrite and cummingtonite-grunerite are present in some parts 
of the map area. The map depicts 3 categories of wacke based on crude estimates of the 
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biotite.amphibole ratio. These are: biotite notably greater than amphibole; amphibole notably 
greater than biotite; and biotite approximately equal to amphibole. Amphibole-predominant 
wacke tends to be more abundant south of the Hemlo fault zone. Attempts were made to 
delineate map units based on these subtypes of wacke, but this was not always possible. Some 
layers in the wacke units contain an inversely proportional distribution of biotite and amphibole 
across the width of the layer. This variation in relative abundance may reflect primary 
compositional control, rather than the result of subsequent alteration. The presence of medium-
to coarse-grained amphibole in some outcrops is attributed to alteration, given the distribution of 
hornblende adjacent to, or within, zones defined by quartz veins, S2 cleavage, fractures, or in 
irregularly shaped "pods". 

Grey-Brown Siltstone (Pelitic) (Unit 5a) 

Grey-brown siltstone is, by far the more common of the 2 types of siltstone depicted on the map. 
Units of grey-brown siltstone were identified by: the very fine to fine grain-size; and/or very 
thinly bedded to thinly laminated layering that did not appear to be the result of 
tectonometamorphic influences; and/or the presence of garnet, staurolite, and locally 
aluminosilicate minerals such as sillimanite (fibrolite). Moderately well to faintly preserved, 
thinly laminated grey-brown siltstone with garnet and staurolite presently, where recrystallized, 
have a fine- to medium-grained texture with a well-developed schistosity defined by biotite ± 
amphibole. 

In most cases, the grey-brown siltstone occurs interlayered with wacke and is subordinate by 
volume. The siltstone is generally not depictable as discrete units at the map scale. The major 
exception is a contiguous, siltstone-predominant unit in the nose of the Williams property fold, 
north-northwest of Moose Lake, adjacent the north side of the Cedar Creek fault 

Within the outcrops of folded metasedimentary rocks along Highway 17 about 500 m southwest 
of Cedar Creek, and within outcrops on the Williams property in the nose of the large fold, just 
southwest of Cedar Creek, there are layers of laminated grey-brown siltstone. These laminations 
are defined by alternating, very thinly bedded, siltstone-wacke, and biotite- or hornblende-rich, 
thinly laminated siltstone within thinly bedded to medium-bedded wacke. Around the Highway 
17 fold, the laminations occur on the finer-grained side of graded wacke. These characteristics 
could indicate that the deposits represent turbidite units (see Plate 3a). 

Dark Grey-Black Siltstone (Unit 5b) 

Dark grey-black siltstone is rare within the map area and the surrounding area as well (Muir 
1982b). It is apparently restricted to narrow units (0.2 m to <5 m) as interflow metasedimentary 
deposits within mafic metavolcanic rocks along Highway 17 near the turnoff to Hemlo (west end 
of map area) and interlayered with conglomerate along the CP Railway line north of Cigar Lake. 

The units consist of very fine-grained, irregularly cleaved (locally slatey) rock with very fine to 
fine-grained disseminated pyrite. Compositionally, the dark grey-black siltstone is similar to the 
grey-brown siltstone, except for elevated Zn and S in the former. 

Biotite-Predorninant Feldspathic Wacke (Unit 5c), 
Amphibole-Predominant Feldspathic Wacke (Unit 5d), and 
Biotite-Amphibole Feldspathic Wacke (Unit 5e) 

The 3 subtypes of feldspathic wacke are essentially similar with the exception of the proportion 
of biotite to amphibole. Distinctions were made to depict areal distributions, if any, of any given 
subtype, be it due to depositional processes, source(s) of the material, metamorphic grade, or 
some other factor, such as alteration. 
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All 3 subtypes of feldspathic wacke are present, to some degree, in most parts of the map area. 
Biotite feldspathic wacke is predominant in much of the area, north of the Hemlo fault zone, 
followed, in abundance, by biotite-amphibole feldspathic wacke. The predominant type of 
feldspathic wacke south of the Hemlo fault zone is biotite-amphibole feldspathic wacke. There 
is considerable variation in the mafic mineral ratios. Biotite and amphibole may be present in 
the same rock from layer to layer or within the same layer. In thin section, biotite within 
hornblende-rich metasedimentary rocks tends to be green, whereas in other rocks it tends to be 
brown. 

Layering in the feldspathic wacke is defined by slight to moderate changes in grain size, various 
amounts of mafic minerals, and locally, interlayered grey-black siltstone, feldspathic 
metasedimentary rocks, and/or amphibole-rich layers. Layering ranges from thick to thin. Most 
of the varieties of feldspathic wacke appear to be well sorted and fine-grained (Plate 3a), keeping 
in mind the degree of recrystallization. Crystals of feldspar and, to a much lesser degree, quartz 
account for <5% by volume. Clasts are rare but where present, many are approximately pebble 
size and consist of grey-brown siltstone or feldspathic wacke. They appear to be rip-up clasts. 
Feldspathic wacke has a mafic mineral content ranging from about 15% to 35%. 

Mafic Wacke (Unit 5f) 

Mafic wacke is generally not sufficiently abundant or contiguous to be represented as separate 
units on the map. To the north of the Hemlo fault zone, the largest interpreted unit lies within 
the Cedar Creek fold along Highway 17. Other units of mafic wacke commonly lie within 
feldspathic wacke and/or Uthic wacke. To the south of the Hemlo fault zone, mafic wacke is 
more common, but generally constitutes a subordinate component in an outcrop relative to 
amphibole-predominant feldspathic wacke, lithic wacke, or composite intermediate-mafic 
gneiss. 

Mafic wacke contains about 35 to 50% mafic minerals as biotite and/or hornblende. Lithic clasts 
are uncommon and granule to pebble size. Commonly a well-developed schistosity is present 
In many cases, it is crenulated. 

Lithic Wacke (Unit 5g) 

Lithic wacke is spatially associated with all subtypes of feldspathic wacke, conglomerate (see 
Plate 3b), and locally mafic wacke. Lithic wacke is not sufficiently voluminous or contiguous to 
depict as separate map units. With respect to mafic mineral content, some of the lithic wacke 
grades into mafic wacke by having a range of 15 to 45% mafic minerals. Layering in these units 
ranges from medium bedded to thinly bedded. 

Distinctive crystals of plagioclase and, to a lesser degree, quartz, are common, indicating a lesser 
degree of sorting compared to feldspathic wacke. Lithic clasts are granule to pebble size and 
mostly intermediate to felsic composition. They appear to comprise mostly quartzofeldspathic 
rocks (volcanic?, granitic?) and wacke. 

Biotite-Predominant Conglomerate (Unit 5h) and 
Amphibole-Predominant Conglomerate (Unit 5i) 

One of the most continuous lithotectonic map units, consisting predominantly of biotite-
predominant conglomerate, extends westward from the nose of the large-scale Williams property 
fold, north of Moose Lake, to about a kilometre southeast of Highway 17. Other map units 
consist mosdy of hornblende-predominant conglomerate and are located south of the Hemlo 
fault zone on the west shore of "Emma" Lake, between "Emma" and Cigar lakes, and along the 
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north shore of Cigar Lake, separated by unmapped areas. The 3 map units may represent a 
contiguous unit. Elsewhere, hornblende-predominant conglomerate map units are spatially 
associated with mafic conglomerate. Outcrops with biotite- and/or hornblende-predominant 
conglomerate are locally spatially associated with varieties of feldspathic wacke, particularly 
between "Fault" Lake and the southern boundary of the quartz-feldspar-porphyritic complex 
(QFPC). 

Both biotite- and amphibole-predominant conglomerate may occur in the same outcrop, but 
generally only one of the 2 subtypes of conglomerate is present in an outcrop. An example of 
the 2 types in one outcrop can be seen in the lithotectonic unit on Highway 17, near the David 
Bell Mine (See Plate 3c; corresponds to STOP 11 of Muir 1991). Here, both matrix and clasts 
contain the same corresponding predominant mafic mineral, suggesting that some form of 
alteration may have been involved. The amphibole-rich part of the conglomerate unit on 
Highway 17 is similar to conglomerate found in the North Zone area, and to the southeast of 
Botham Lake. 

Some rocks that have been altered during the formation of the Hemlo gold deposit, appear to 
have been conglomerate initially. One example is what has been interpreted, in this report, to be 
a sericitized, biotite-predominant conglomerate that occurs in the West Zone on the Teck-Corona 
Property, as exposed on Highway 17 (See Plate 3d). This interpretation and alternative ones are 
discussed further in the section "Hemlo gold deposit mineralization". 

All of the conglomerates are matrix-supported. Clasts are mostly intermediate to felsic in 
composition although mafic clasts, consisting mostly of biotite or amphibole, are not uncommon. 
In some of the units, most of the clasts are non-porphyritic. In other cases, (e.g., STOP 11: Muir 
1991) plagioclase-porphyritic clasts are common. Clasts with plagioclase and quartz 
phenocrysts are not common. Clasts are most commonly pebble size (see Plate 3e), but 
individual units may contain moderate to significant amounts of cobble- (e.g., STOP 11: Muir 
1991) or granule-size clasts (Plate 3c). In a particular case at the Golden Giant tailings dam 
trench, (now covered over), a few units were noted to contain 40% subangular, dark grey 
siltstone, pebble-size clasts, which are interpreted to be rip-up clasts. 

A highly tectonized and altered unit, equivocally interpreted here to be biotite-predominant 
conglomerate, is present in all 3 mines and was exposed in the A Zone pit area before excavation 
began, in the Teck-Corona trench east of this pit, and on Highway 17 (see Plate 3d). It is 
commonly referred to as a fragmental unit (e.g., Burk et al. 1986; Kuhns et al. 1986; Walford, 
Stephens et al. 1986; Kusins et al. 1991) although its origin is debated. Alternatively, the unit is 
interpreted to be a hydrothermally-produced breccia (Johnston and Smyk 1992; see also Kuhns 
1988). The author acknowledges that this "fragmental" unit is highly strained and that the lensy 
character of the rock may be a result of tectonism. However, the structurally adjacent units are 
considered to be unlikely candidates as protoliths for this "fragmental". The author tentatively 
concurs with the interpretation taken by Burk et al. (1986) that the rock is a deformed 
conglomerate (e.g., Plate 13e). Additional points are covered in the section on "Detailed Work: 
A Zone pit area". 

An unusual, thin unit of biotite-predominant conglomerate is depicted in the large-scale fold on 
the Williams property, north-northwest of Moose Lake. The unit is interpreted to be at least in 
part a conglomerate but may also owe some of its properties to tectonism. It is tentatively 
depicted as a lithological unit for the purpose of outlining its extent (see sections on First 
Generation Structures: Zones of Tectonic Disruption; and Detailed Work: Back 40s Outcrops). 

Mafic Conglomerate (Unit 5j) 
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Mafic conglomerate is defined as having a matrix with a mafic composition (i.e., colour index 
>35). Most mafic conglomerate is spatially associated mostly with amphibole-predominant 
conglomerate and/or mafic wacke, such.as south of Botham Lake and north of the North Zone on 
the Golden Sceptre property. The conglomerates in these 2 areas are sufficiently similar that 
they may be genetically related. It is also possible that they were part of a single unit that has 
been disrupted. The mafic conglomerate in these map units has a distinctive amphibole-rich 
matrix, and numerous mafic and intermediate pebble- to cobble-size mafic clasts. This contrasts 
with the amphibole-predominant conglomerate. 

In the unit exposed on the south shore of Botham Lake, some of the mafic clasts appear to be 
derived from a volcanic source as they are texturally similar to fine-grained "massive", 
plagioclase-phyric, and amygdaloidal metavolcanic rocks nearby. Other clasts are coarser-
grained and contain various proportions of hornblende ± plagioclase ± quartz phenocrysts, many 
with textures not seen in any other rock type in the map area. There are also many other clasts of 
intermediate and felsic composition displaying a variety of textures including the presence of 
mafic phenocrysts. Clasts locally range from well rounded to subangular in the same outcrop. 

Magnetite-Rich Layers (Unit 5k) 

Magnetite-rich layers within metasedimentary or metavolcanic units are uncommon in this area 
of the Schreiber-White River greenstone belt They were noted in several localities, all of 
which are north of the Hemlo fault zone. The layers occur within what has been interpreted to 
be feldspathic wacke and feldspathic arenite. Many of the occurrences lie just north of Highway 
17 along "Fault" Lake. Scattered outcrops and possibly effects from strain preclude joining all 
of the outcrops for this map. Other examples occur southeast of Moose Lake (e.g., STOP 22C: 
Muir 1991) as far southeast as the eastern extent of the QFPC, and south-southeast of Botham 
Lake, just north of Highway 17. 

The layers range from sharply defined to ill-defined because of transposition of layering and/or 
original dilution of magnetite within wacke (e.g., STOP 22C: Muir 1991). Locally, the layers 
are considerably thinned and attenuated, and in some cases they display F2 generation folds. 

Amphibole-Rich Layers (Unit 51) 

Layers rich in amphibole, similar to those found in feldspathic arenite, also occur within 
feldspathic wacke. In the feldspathic wacke, the amphibole-rich layers tend to be more mafic, 
containing 40 to 65% amphiboles such as hornblende and locally cummingtonite(?). 
Amphibole-rich layers in feldspathic wacke are not ubiquitous, but collectively are areally 
widespread. They extend from the Golden Giant tailings site in the north, to north of "Molson 
Light" Lake in the south, and from "Fault" Lake to the southeastern most corner of the map area. 
They are more common north of the Hemlo fault zone. 

The layers have unusual mineralogy and petrochemistry. The layers also recorded F j , F2, and 
F3 generation folds, and S2, and S3 generation fabrics (discussed below). Relative to the matrix 
in which they lie, these layers have behaved competently during strain and have undergone 
boudinage, attenuation and, in the case of fold noses, a form of transposition that has locally 
created a pseudofragmental texture. The amphibole-rich layers are also locally intruded by 
gabbroic dikes, prior to F2 development (see Detailed Work: Back 40s outcrops). 

Internally, the amphibole-rich layers locally display layering and/or asymmetrical distribution of 
amphibole concentration, relative to that of feldspar, across a layer. Some layers of feldspathic 
wacke and lithic wacke also display an asymmetrical distribution of amphibole concentration 
which is inversely proportional to the abundance and grain size of plagioclase crystals in the 
layer This may indicate a compositional and grain size grading representing original 
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depositional characteristics. In these cases, the coarsest plagioclase crystals lie toward one side 
of a layer, and the abundant amphibole lies toward the other side. In several cases, a consistent 
sense of asymmetry was present in several layers in an outcrop. However, because of the effects 
of metamorphism, recrystallization, and strain, little confidence has been attached to the 
direction of apparent grading in terms of interpreting facing directions. 

The amphibole-rich layers present on Highway 17 at the bend in the highway just southwest of 
the David Bell Mine (STOP 13: Muir 1991), display symmetrical felsic rinds on the layers and 
boudins and partly consist of anthophyllite and/or cummingtonite. These amphibole-rich layers 
appear to have been altered and possibly subsequently recrystallized. 

Biotite ± Sericite Schist (Unit 5m) 

Locally, zones of biotite ± sericite schist were found spatially associated with feldspathic wacke. 
These relatively thin, layer-parallel zones are characterized by a moderately to well-developed 
schistosity defined by biotite and to a lesser extent, sericite. Layering was either absent or 
sufficiently indistinct that it was difficult to ascertain the protolith. The spatial association was 
used to include this rock type within the immature metasedimentary rock category (Unit 5). 

Composite Mafic-Felsic Gneiss (Unit 5n) and 
Composite Intermediate-Mafic Gneiss (Unit 5o) 

Gneisses of uncertain protolith occur south of the Hemlo fault zone and locally form 
tectonometamorphic units that are interpreted to be up to 200 m thick. There is a crude tendency 
for the composite mafic-felsic gneiss to be spatially associated with what are interpreted to be 
mafic metavolcanic rocks, and for the composite intermediate-mafic gneiss to be spatially 
associated with what are interpreted to be immature metasedimentary rocks. However, because 
of interlayering and/or interleaving this association does not hold everywhere. 

Composite mafic-felsic gneiss consists of moderately to well-layered rocks in which the layers 
collectively have mafic, intermediate, and felsic compositions (see Plate 3f). In many cases, the 
intermediate layers are subordinate in abundance. On an outcrop scale, the layers are up to 
several centimetres thick, and range from continuous and attenuated (intermediate and felsic 
compositions), to fairly discontinuous (mafic compositions). The rocks appear to have locally 
developed, thinly spaced, tectonometamorphic layering along cleavage planes. Locally, small-
scale, symmetrical mineral zonation, involving feldspar +/- quartz, epidote, and chlorite +/-
biotite, is developed about the cleavage. 

The felsic layers appear to be largely feldspathic, although in many cases, particularly in close 
association with mafic metavolcanic rocks, considerable amounts of epidote are also present in 
the felsic layers. The felsic layers do not appear to be derived from in situ or allochthonous 
partial melting because of the absence of granitic textures. The abundance of amphibole and 
chlorite in mafic layers varies widely. Preferred dimensional orientation of chlorite locally 
results in a strong schistosity where the abundance is high. 

Composite intermediate-mafic gneiss also consists of moderately to well-layered rocks. Because 
of a range in relative proportion of intermediate and mafic-layers, some of the rocks in this 
category appear compositionally similar to some gneissic amphibolite units (Unit li). In other 
cases, the compositional similarity is more akin to some of the less mature feldspathic wacke 
units that contain numerous amphibole-rich layers. 

The protoliths of the composite mafic-felsic gneiss and the composite intermediate-mafic gneiss 
are unclear. They have tentatively been assigned to the Immature Metasedimentary Rock 
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category. It is possible that the composite mafic-felsic gneiss units have been derived from 
mafic metavolcanic units. 

Felsic to Intermediate Meta-Intrusive Plutons and Stocks 

Several granitic bodies are present in the map area (Table 1). The Pukaskwa Gneissic Complex 
(PGC) represents a large composite granitoid terrain that lies along the southernmost part of the 
map area and extends some 60 km to the south to the Mishibishu Lake greenstone belt Within 
the Hemlo map area the complex contains some of the oldest dated granitic rocks in the map area 
(Table 5; Figure 6). The Cedar Lake Pluton (CLP) lies along the easternmost part of the map 
area and its satellite body, the Cedar Creek Stock (CCS) lies immediately to the west. The 
Botham Stock, to the southeast of Botham Lake, is a small, irregularly shaped body. 

Most of the U-Pb geochronology of granitic rocks in the Hemlo area (Table 5; Figure 6) 
indicates that the bulk of the plutonism occurred in a relatively short time span of about 2684 to 
2688 Ma (Corfu and Muir, 1989a). Microcline-megacrystic hornblende granodiorite and 
hornblende-biotite granodiorite from the Heron Bay Pluton (Muir 1982b), which lies about 3 km 
to the west of the map area, also gave an age of 2688 ± 5 Ma (Corfu and Muir, 1989a). An older 
age was obtained for a granodiorite phase in the PGC (see below), and a younger age of 2678 ± 2 
Ma (Corfu and Muir 1989a) was obtained for a sample of microcline-megacrystic hornblende 
quartz monzonite from the Gowan Lake Pluton (Muir 1982b), located about 10 km to the 
northwest of the map area. 

Pukaskwa Gneissic Complex (PGC) (Unit 6) 

The Pukaskwa Gneissic Complex (PGC) consists of several phases of granodiorite and tonalite 
(Table 1), as well as several ages of crosscutting dikes. An overview of the features of the PGC 
is given for the much more extensive "Hemlo area" in which mapping indicated that there is 
considerable diversity in complexity of phases and dikes from place to place (Muir 1982b). 
About a dozen igneous phases, including intrusion breccias and dikes, can be seen, to the south 
of Cigar Lake outside of the map area, in an area about 30 metres square (Jerry Grant, personal 
communication, 1989). 

Two geochronology samples of different phases of granodiorite were taken in the logged out 
area, about 1.6 km southeast of Hemlo and south of Cigar Lake. One of the samples, a foliated 
and lineated, medium- to fine-grained, hornblende-biotite, plagioclase-subporphyritic 
granodiorite, was taken about 1.6 km from the contact of the PGC with the supracrustal rocks. It 
gave an age of 2719 +67-4 Ma and is the oldest granitoid of those analysed in the Hemlo area 
(Corfu and Muir, 1989a). The other sample, a weakly foliated, fine-grained, biotite granodiorite, 
taken from 1.6 km further within the PGC, gave an age of 2688 ±3 Ma, which is very similar to 
most of the other plutons in the Hemlo area (Corfu and Muir, 1989a). 

Within the Hemlo gold deposit map area there are 4 main phases of granitoid rocks that comprise 
the PGC: plagioclase-porphyritic tonalite gneiss; plagioclase-porphyritic biotite-hornblende 
granodiorite; quartz diorite; and biotite-hornblende granodiorite (see Tables 4A and 4B). The 
phases of the PGC were not examined in much detail and the names applied to the phases are 
based on field estimates of mineralogical modes. The main phases have been intruded by 
pegmatite and aplite dikes. 

Although intrusive relationships could be determined among phases in some outcrops, the units 
are listed in an overall decreasing chronological order, except for some apparent relationships in 
a few outcrops involving quartz diorite. Within and outside of the present map area, there may 
be more than one phase with similar mineralogical modal abundances, which could produce an 
apparently different order of intrusion from one outcrop to another. 
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The marginal zones of the PGC locally are more strained than the internal areas (Muir 1982b), 
but this was not evident in the Hemlo gold deposit map area. 

Plagioclase-Porphyritic Hornblende-Biotite Tonalite Gneiss (Unit 
6a) 

Within the map area, plagioclase-porphyritic hornblende-biotite tonalite gneiss tends to be 
restricted to either the margin of the PGC or to parts of slab-shaped bodies of granitoid rocks 
within the mafic metavolcanic rocks adjacent to the PGC, between "Lim" and "Molson Light" 
lakes. Gneissosity ranges from faint to well developed. 

Plagioclase-Porphyritic Hornblende-Biotite Granodiorite (Unit 6b) 

The most common PGC unit in the map area is foliated, plagioclase-porphyritic biotite-
hornblende granodiorite. It is found within the main part of the complex as well as within the 
large, slab-shaped granitoid bodies where it forms the main phase. This porphyritic phase of 
granodiorite is intruded by equigranular biotite-hornblende granodiorite. 

Hornblende-Biotite Quartz Diorite (Unit 6c) 

The term hornblende-biotite quartz diorite has been used to describe granitic rocks that are 
relatively more mafic, low in modal quartz, and contain little or no potassium feldspar. Where 
the age relationship is not ambiguous, quartz diorite appears to intrude, or be intruded by, 
plagioclase-porphyritic hornblende-biotite granodiorite. Quartz diorite is located within the PGC 
proper and in the large slab-shaped bodies within the mafic metavolcanic rocks. What may be 
granitized mafic metavolcanic rocks or mafic restite is locally spatially associated with quartz 
diorite. 

Hornblende-Biotite Granodiorite (Unit 6d) 

In the map area, hornblende-biotite granodiorite appears to be the last non-dike phase. It is 
weakly foliated, medium to fine grained, and found mostly within the main part of the PGC. It 
does not display chilled contacts with earlier phases. 

Botham Stock (Unit 7) 

A small, irregularly shaped, partly disconnected granitoid body or bodies, consisting of at least 2 
types of granodiorite, has been tentatively termed the Botham Stock (Table 1). No outcrops 
were observed in which the intrusive relationship between the granodiorites was established. 
The distribution of the types of granodiorite, the fabrics contained within, and the relationship 
with plagioclase-porphyritic dikes (see below) is such that the "stock" may, in fact, comprise 2 
bodies of 2 distinct ages. However, no geochronologic data are available for this stock. 

Medium to Coarse Plagioclase-Porphyritic Biotite Granodiorite 
(Unit 7a) 

Moderately to well-foliated, plagioclase-porphyritic biotite granodiorite comprises the western 
two-thirds of the Botham Stock. The granodiorite appears to be dextrally offset across the east-
southeast-striking Botham Lake fault. Most of this unit, lying to the east of the Botham Lake 
fault, has been sheared. Hematization is common along the fault, particularly in the large 
outcrop just north of Highway 17. One specimen of sheared plagioclase-porphyritic 
granodiorite, from this outcrop, contains a few megacrysts of microcline and little recognizable 
quartz giving it a primary or secondary composition similar to monzodiorite (Tables 4A and 4B). 
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Mafic xenoliths are present in most outcrops in the vicinity of the large outcrop north of highway 
17. 

A few outcrops of plagioclase-porphyritic granodiorite, to the west and east of the Botham Lake 
fault, have been intruded by foliation-parallel, plagioclase-phyric dikes (Unit 14a). This is the 
only case in the map area where plagioclase-porphyritic dikes were observed to have intruded a 
granitoid body. This relationship suggests that the medium- to coarse-plagioclase-porphyritic 
biotite granodiorite may be older than the plutons, because the plutons and the dikes appear to be 
essentially synchronous (Corfu and Muir, 1989a). 

Medium to Fine Plagioclase-Porphyritic Biotite Granodiorite (Unit 
7b) 

The eastern third of the Botham Stock, which lies east of 2 north-northeast-striking lineaments, 
consists of moderately to weakly foliated, plagioclase-porphyritic granodiorite. This weakly 
foliated granodiorite phase differs from the coarser-grained granodiorite phase in that the 
phenocrysts are smaller and fewer, and the rock is less deformed. No plagioclase-porphyritic 
dikes were observed to intrude Unit 7b. 

Cedar Lake Pluton (CLP) (Unit 8) 

The southwestern part of the Cedar Lake Pluton (Table 1) extends into the eastern part of the 
map area where it consists mostly of 2688 ± 3 Ma (Corfu and Muir, 1989), microcline-
megacrystic biotite-hornblende granodiorite, and 2 marginal phases: a 2687 ±3 Ma (Corfu and 
Muir, 1989a), biotite-hornblende granodiorite; and a plagioclase-porphyritic hornblende-biotite 
granodiorite. Each marginal phase has an ill-defined extent (Tables 4A and 4B). All 3 phases 
have been intruded by pegmatite and aplite dikes, which appear to be more common near the 
margins of the pluton. A few mafic, intermediate, and felsic dikes were observed within 
microcline-megacrystic granodiorite in outcrops along Highways 17 and 614. 

Microcline-Megacrystic Biotite-Hornblende Granodiorite (Unit 8a) 

The main phase of the Cedar Lake Pluton, both within the map area and in the surrounding area, 
is weakly foliated, microcline-megacrystic biotite-hornblende granodiorite (e.g., STOP 5: Muir 
1991). The size and abundance of the megacrysts varies from place to place. Mafic ± ultramafic 
xenoliths, are almost ubiquitous in the megacrystic granodiorite. The xenoliths are generally 
aligned parallel to the better-developed of 2 weakly developed foliations in the granodiorite. 

Biotite-Hornblende Granodiorite (Unit 8b) 

Fine- to medium-grained, massive to very weakly foliated biotite granodiorite is exposed along 
Highway 17 (e.g., STOP 6: Muir 1991) and along the north-trending railway tracks, at the 
boundary of the Cedar Lake Pluton. No contact relationship was determined with the 
megacrystic granodiorite. Sparse mafic xenoliths are locally present 

Plagioclase-Porphyritic Hornblende-Biotite Granodiorite (Unit 8c) 

Plagioclase-porphyritic biotite-hornblende granodiorite was observed at 2 locations: in a trench 
about 1.4 km north-northwest of the contact of the pluton exposed on Highway 17; and within a 
40 m thick dike-like composite granitoid body lying about 200 m within the country rocks, also 
exposed along Highway 17. The intrusive relationship between the 2 rocks was not established. 

Cedar Creek Stock (CCS) (Unit 9) 
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The Cedar Creek Stock (Table 1) is a lima-bean-shaped pluton, based on a well-defined total 
magnetic field geophysical signature (Aerodat Limited, in Canadian Mining Journal, January 
1986, p. 19) and may be a satellite intrusion to the Cedar Lake Pluton. It consists of biotite-
hornblende granodiorite (2684 +4/-3 Ma: Corfu and Muir 1989a) and plagioclase-subporphyritic 
biotite-hornblende granodiorite. Other than the slight presence of plagioclase phenocrysts, the 2 
phases are similar, with no documented age relationship between the two. Mafic xenoliths are 
locally present Pegmatite and aplite dikes intrude both phases. The stock does not appear to be 
metamorphosed. 

Biotite-Hornblende Granodiorite (Unit 9a) 

Biotite-hornblende granodiorite appears to be the main phase of the Cedar Creek Stock (Tables 
4A and 4B). It is medium grained and very weakly foliated to massive. Magnetite is relatively 
abundant and this likely accounts for the geophysical signature. 

Plagioclase-Subporphyritic Biotite-Hornblende Granodiorite (Unit 
9b) 

Weakly foliated, plagioclase-subporphyritic biotite-hornblende granodiorite tends to occur at, or 
near, the boundary of the Cedar Creek Stock. The marginal granodiorite is very similar in 
texture and mineralogy to the biotite-hornblende granodiorite. The 2 phases may actually be one 
and the same with local magmatic conditions resulting in the incipient development of the 
plagioclase phenocrysts. 

Dikes and Small Intrusive Bodies 

The Hemlo gold deposit map area is riddled with numerous and different types of dikes. Many 
of the dikes are fine grained and have subsequently been strained. It is difficult to rigidly apply 
standard igneous terminology to the various rock types given these conditions. Accordingly, for 
an overall map legend, a generalized field terminology is retained. Insufficient petrology and 
geochemical analyses were undertaken to support a more specific classification. 

In many cases, tabular intrusions appear to be parallel to layering. The term "dike" is used, 
however, because these igneous bodies are moderately to steeply dipping, and locally are axial 
planar to F^-generation folds. In some cases, the dikes appear to cut across at an angle to S^ In 
one case at least, the dikes are counterclockwise to S i where So is clockwise to S ̂  There is, 
however, no unequivocal evidence to indicate whether the tabular bodies were initially 
moderately to steeply dipping. It is possible, for instance, that the intrusions may have been 
emplaced horizontally or subhorizontally as sills, into thrust-faulted and folded rocks. 

The density of dike distribution ranges considerably from place to place. In some areas, dikes 
are few, in others, dike swarms are common (e.g., see section on Detailed Work on Selected 
Outcrops and Areas of Outcrop). Numerous types and ages of dikes and dike swarms occur in 
proximity to the Pukaskwa Gneissic Complex and the Cedar Lake Pluton. Conversely, no 
noticeable increase in the abundance of dikes is evident around the Cedar Creek Stock, 
notwithstanding the limited exposure. Elsewhere, well away from the large granitoid bodies, 
dikes and dike swarms are common as far north of the Hemlo fault zone as the northern contact 
of the Quartz-Feldspar-Porphyritic Complex, beyond which dikes are present but apparentiy in 
lesser abundance. South of the Hemlo fault zone, many different types of dikes also occur. 

Detailed mapping of trenches on the Golden Sceptre property indicates that continuous, cleaned 
exposures reveal much more than scattered natural exposures do (see Detailed Work: Golden 
Sceptre Property Trenches). Nevertheless, the geology in the trenches is not representative of 
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that of the area as a whole, so that statements regarding distribution and abundance of types of 
dikes in the map area are subject to some interpretation. 

Various seemingly contradictory age relationships among types of dikes were noted. These 
contradictions are interpreted to have resulted from: assignment of any given dike into one of 
only several types despite the fact that there are differences amongst dikes within any given type; 
and the likelihood mat there is more man one age for a given type of dike, particularly in the case 
of intermediate and felsic dikes. Consequently, the types of dikes, as represented in the legend 
are not based on age (e.g., oldest to youngest). 

Dikes containing mafic xenoliths collectively range in bulk matrix composition from mafic to 
felsic. The xenoliths generally range from slightly to considerably flattened. The long 
dimension of flattened xenoliths lies in the main plane of foliation which is most commonly 
parallel to the contacts of the dike. Crenulation of the generally micaceous xenoliths is not 
uncommon. 

Most Neoarchean dikes do not show chilled margins, either because the margins have been 
sufficiently strained to eliminate any such evidence, or because there were no chilled margins 
initially. 

In several cases, tabular zones of rusty weathering and/or schistose rocks are obliquely crosscut 
by granitoid dikes that show no effects of pyritization or shear. 

Small intrusive bodies are present in the map area, such as gabbro at Botham Lake and 
plagioclase-phyric granodioritic rocks northwest of "Molson Light" Lake near the contact of the 
Cedar Lake Pluton on Highway 17. 

Mafic/Ultramafic Meta-Intrusive Rocks (Unit 10) 

Mafic/ultramafic dikes (Table 1) include a group of tabular bodies with compositions akin to 
magnesium-rich rocks, having a colour index greater than typical gabbroic rocks. The 
geochemistry of some of the "dikes" is border line on being ultramafic (Tables 4A and 4B). 
Many of the "dikes" are moderately to strongly schistose and have undergone ductile strain. The 
intrusive relationship in many cases is not established, but no textures indicative of komatiitic 
rocks were seen. Mineralogical variations within each category of the legend necessitate the use 
of the modifier "predominant" as a descriptive term. For instance, talc, in addition to being 
found in talc-predominant dikes, may also be a constituent in tremolite/actinolite-predominant 
and chlorite- ± biotite-predominant dikes. 

Hornblende-Predominant Dike (Unit 10a) 

Well-lineated, medium-grained, hornblende-predominant dikes are found only at the Williams 
Mine tailings dam on Molson Lake. Here, a poorly exposed tabular zone of hornblende-rich 
rock, interpreted to be a dike, is spatially associated with tremolite/actinolite-rich rocks, talc-rich 
rocks, and chlorite ± biotite-rich rocks, possibly indicating a similar derivation of all types. 
Euhedral pyrite cubes are locally present. 

The hornblende-rich rock, present here within mafic metavolcanic rocks, has some similarities 
with larger, less tabular bodies of medium- to coarse-grained pyroxenite/hornblendite found 
from about 19 to 32 km to the west-southwest within mafic metavolcanic rocks (see Muir 
1982b). The pyroxenite/hornblendite is spatially associated with serpentinized peridotite. 

Tremolite/Actinolite-Predominant Dike (Unit 10b) 
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Medium- to fine-grained, tremolite/actinolite-rich rocks, in addition to being found at the 
Williams Mine tailings dam site, are also found in narrow zones: on the east shore of "Emma" 
Lake; locally in tabular zones along the Hemlo fault zone (e.g., STOP 26: Muir, 1991) and the 
spatially associated gneissic amphibolite and chlorite ± biotite ± amphibole schist units 
(interpreted to have had a mafic volcanic precursor), from "Fault" Lake to the southeast corner of 
the map area; and in a skarn-like alteration zone about 200 m northeast of Molson Lake. The 
tremolite/actinolite-predominant dikes are locally spatially associated with talc-predominant 
dikes and chlorite- ± biotite-predominant dikes along the Hemlo fault zone. 
Tremolite/actinolite-predominant dikes in the Hemlo fault zone are interpreted to be phyllonites. 
Medium-grained pyrite cubes are locally common. 

Talc-Predominant Dike (Unit 10c) 

Tabular to lensoid zones of talc-rich rocks are spatially associated with tremolite/actinolite-
predominant dikes, and to a lesser degree, chlorite- ± biotite-predominant dikes, found within the 
Hemlo fault zone north of the east half of "Fault" Lake and at the Williams Mine tailings dam 
site at Molson Lake. Medium-grained pyrite cubes are commonly present. 

Chlorite- ± Biotite-Predominant Dike (Unit lOd) 

Narrow, tabular to deformed-sausage-shaped zones of chlorite- ± biotite-predominant rocks, 
interpreted to be strained dikes, are found: locally within the mafic metavolcanic rocks spatially 
associated with the Hemlo fault zone, from the Hemlo road turnoff area on Highway 17 at the 
west end of the map area to the southeast end of the map area; in a zone containing skarn-like 
alteration, about 200 m northeast of Molson Lake; and at the Williams Mine tailings dam site at 
the southwest side of Molson Lake. Chlorite- ± biotite-predominant dikes in the Hemlo fault 
zone are interpreted to be phyllonites. Medium- to fine-grained pyrite cubes are locally present 
in most cases. 

North of the east end of "Fault" Lake, on the north side of Highway 17, near the contact between 
the mafic metavolcanic unit and the structurally overlying feldspathic lithic arenite unit, a tabular 
zone of tremolite/actinolite-rich rock is consecutively bounded by chlorite + biotite-rich rock, 
and then by gneissic amphibolite. A comparison between the whole rock geochemistry of the 
tremolite/actinolite-rich rock and the gneissic amphibolite strongly suggests that the 
tremolite/actinolite-rich rock and likely the chlorite-+ biotite-rich rock were not derived from the 
gneissic amphibolite (Tables 4A and 4B). Relationships such as this have been used, in part, to 
infer an intrusive origin for the dikes. 

Mafic Meta-Intrusive Rocks (Unit 11) 

Mafic dikes (Table 1) are locally present throughout most of the map area. The dikes, 
collectively, may represent more than one age of intrusion based on equivocal contact 
relationships. At least some, if not most, of the mafic dikes predate the felsic and intermediate 
dikes because locally, folded mafic dikes are crosscut by these apparently non-folded dikes. 

There is only one recognized, apparently non-tabular, mafic body in the map area, which is 
interpreted to be gabbro (Tables 4A, 4B). The gabbro occurs on the southwest shore of Botham 
Lake. Alternatively, it could be part of a massive medium-grained flow within the mafic 
metavolcanic pile. See Tables 4A and 4B for results of several analyses. 

Tholeiitic Gabbro (Unit 11a) 
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This rock type was found along the southwest shore of Botham Lake. It is "massive" in the 
sense that it shows no primary volcanic features. However, an unequivocal intrusive relationship 
was not observed. The gabbro appears to lie within mafic pillowed flows and appears to be 
intruded by mafic dikes. Although no chemical analysis was undertaken for this unit, the similar 
colour to, and spatial association with, the tholeiitic mafic flows was used to infer a tholeiitic 
composition. 

Tholeiitic Gabbro Dike (Unit l ib) 

Gabbro dikes having a tholeiitic composition occur north and south of the Hemlo fault zone in 
most parts of the map area, although they appear to be more common north of the Hemlo fault 
zone. Most of the dikes appear to be layer- and/or foliation-parallel. A few dikes locally 
crosscut layering at a moderate angle, and a few have intruded the Cedar Creek Stock. The 
largest "dike" is folded and lies within the nose of the large-scale F7 fold on the Williams 
property, north-northwest of Moose Lake. It was not ascertained whether the dike is concordant 
or slightly discordant to the layering. Some of the gabbroic dikes contain xenoliths that are more 
mafic than the matrix of the dike. 

The gabbro body exposed along the southwest shore of Botham Lake appears to have been 
intruded by gabbro dikes. Whether these gabbro dikes are contemporaneous with nearby mafic 
flows (i.e., feeder dikes) or are associated with later mafic magmatism (i.e., postdating some 
strain and folding) is not known. 

There is some uncertainty as to how many of the thin, tabular, mafic bodies found locally within 
feldspathic and immature metasedimentary rocks south of the Hemlo fault zone are amphibole-
rich layers attributed, in this report, to sedimentary processes, or gabbroic dikes and dikelets. 
Recrystallization and strain have rendered it difficult to evaluate discordancies between the 
layering and the mafic "layers" or "dikes". Hence, there may be more mafic dikes than 
illustrated on the map. 

Many, but not all, mafic dikes are folded whereas few intermediate and felsic dikes are folded. 
This suggests that the folded mafic dikes are earlier than the felsic dikes and preceded some of 
the strain. Other temporal relationships are less clear such as at the Golden Giant Mine tailings 
site (within the covered over trench shown on the map) where, within 80 m of each other, a 
mafic dike with right-stepping apophyses is oriented clockwise to layering, and another mafic 
dike with left-stepping apophyses is oriented counterclockwise to layering. 

Calc-Alkalic Gabbro Dike (Unit 11c) 

Based on geochemistry and texture, only one example of a calc-alkalic gabbro dike, located 
along Highway 17 on the northeast limb of the large-scale fold southwest of Cedar Creek, was 
noted. The dike appears fresher than the typical tholeiitic gabbro dike and contains biotite 
crystals in addition to hornblende. It could not be determined whether the dike is folded or 
whether any type of alteration has significantly modified the mineralogy and composition of the 
dike. 

Mafic Schistose Dike (Unit l id) 

Several tabular to elongate lensoid zones of mafic rocks appear to be highly strained dikes that 
have been rendered into mafic schists. Many of these dikes are in high-strain zones, such as the 
Hemlo fault zone and in the area of the C Zone of the Williams property. Others may occur in 
areas of apparent significantly lower strain, such as the Golden Giant tailings dam site area. 

Mafic/Intermediate Meta-Intrusive Rocks (Unit 12) 
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There are several dikes and elongate bodies in the map area that are distinctly different from the 
mafic dikes (Table 1), yet are best classified as "mafic to intermediate" in composition (Tables 
4A and 4B). The most notable examples of all of the subtypes of Unit 12 are located within or 
near the Quartz-Feldspar-Porphyriuc Complex. 

Biotite Lamprophyre With Mafic/Ultramafic Xenoliths ± Feldspar 
Phenocrysts (Unit 12a) and 
Biotite Lamprophyre Without Xenoliths (Unit 12b) 

Foliated to schistose biotite lamprophyre bodies, with or without mafic/ultramafic xenoliths, 
occur mostly on the Golden Sceptre property in the North Zone and South Zone areas, and on the 
Williams property in the C Zone. The matrix of these 2 subunits is similar; hence, it appears that 
the dikes may be magmatically related. The North Zone bodies tend to be fairly tabular. Those 
in the South Zone and die C Zone tend to have an undulating form. Outside of these areas, there 
are several moderately to well-foliated dikes with mafic/ultramafic xenoliths. These dikes are 
rare south of the Hemlo fault zone. 

The lamprophyre bodies, with undulating form, lie in contact with brecciated country rocks and 
have the characteristics of intrusion breccias (See Plate 4a). The brecciated country rocks 
appear to have no magmatic matrix component The lamprophyre matrix ranges considerably in 
texture, grain size, and to some extent mineralogical constituents. In several cases, it appears to 
be a composite intrusion. Xenoliths consist of 2 types; exotic mafic/ultramafic rocks; and 
fragments interpreted to have been derived from foliated, altered(?), country rocks such as 
feldspathic metasedimentary rocks or quartz-plagioclase-phyric rocks. The proportion and type 
of xenoliths ranges considerably from outcrop to outcrop. Some intrusions with mafic xenohths 
contain minor amounts of what appear to be irregularly distributed, feldspar phenocrysts. 

The presence of the brecciated country rocks with no igneous matrix, and the igneous intrusion 
breccia with a lamprophyric matrix and mafic/ultramafic xenbliths, indicates a diatreme affinity. 
Samples taken of the intrusion breccia (C Zone) show that foliated quartz-plagioclase-phyric 
rock fragments collectively display a variety of orientations, and lie within a foliated 
mafic/intermediate matrix (see Plate 4b). However, the trace of foliation within the matrix is 
somewhat irregular, owing to warping around the xenoliths. Therefore, it is not clear that the 
intrusion took place after initial stages of strain of the QFPC. In one case, a felsic plagioclase-
porphyritic dike cuts across the brecciated zone adjacent to the intrusion, indicating that the 
diatreme activity occurred prior to this stage of felsic intrusion, and possibly prior to all felsic to 
intermediate dike activity. The matrix of the intrusion breccia is crenulated by D3. 

The relatively large dike found within the nose of the large-scale fold on the Williams property 
has been intruded by an unusual dike containing numerous fine-grained xenoliths of feldspathic, 
altered(?) rocks and mafic rocks within a mafic matrix that does not appear to contain mafic 
phenocrysts. Except for this latter point, the appearance of the dike is similar to some of the 
country-rock-inclusion-bearing lamprophyre dikes described above. 

Dioritic Dike (Unit 12c) 

The term "dioritic" has been used as a tentative field classification for rocks that are fine grained, 
intermediate in bulk composition, foliated with biotite and possibly some hornblende, and have 
virtually no potassium feldspar. Some of the dioritic dikes appear similar to some of the aphyric 
intermediate dikes, but most other dikes are notably more mafic. Dioritic dikes are found as a 
swarm in the A Zone of the Williams property (see Detailed Work: A Zone Pit area) and 
elsewhere within the QFPC. These dikes also occur locally throughout the map area, although 
they are uncommon south of the Hemlo fault zone. An approximate U-Pb age of 2680-2690 Ma 
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(Corfu and Muir 1989a) was obtained for a dioritic dike in the Williams A Zone (see Detailed 
Work: A Zone pit area; this report). 

Net-Veined Dike (Unit 12d) 

Net-veined dikes were noted in at least 2 places, both of which are shown elsewhere in detail 
(see Detailed Work: Heritage Outcrops, and Homestake property fold). These dikes are 
texturally and compositionally complex and appear to represent various stages of mixing 
between mafic and mafic to intermediate magma. In places there are mafic fragments, mat occur 
up to 30% in abundance, within the dikes. A vein-like relationship commonly exists between 
mafic material, which locally forms the "matrix", and "veins" of the mafic/intermediate material. 
The reverse relationship was also noted. The matrix locally appears to contain mafic 
phenocrysts, or xenocrysts, so the dikes may represent some form of lamprophyre. Some parts 
of the dikes texturally and mineralogically resemble the biotite lamprophyre dikes (Units 12a, 
12b). 

Intermediate Meta-Intrusive Rocks (Unit 13) 

These dikes (Table 1) are intermediate in composition (Tables 4A and 4B): some of the dikes are 
close to felsic in composition. The dikes display a considerable range in colour and texture. For 
the most part, the dikes are present throughout much of the map area although they are not 
common. 

In a few cases, strain is interpreted to have locally imparted an asymmetrical pseudolayering or 
zoning to a dike, which compositionally resembles primary sedimentary layering. Because of 
this tectonic layering, it is difficult to distinguish between strained intermediate dikes and 
similarly layered wacke where crosscutting relationships could not be established. Also, it is 
difficult to clearly establish intrusive relationships for dikes that are largely layer parallel. 

Aphyric Dike (Unit 13a) 

Aphyric intermediate dikes are widely distributed across the map area, but are scarcer than the 
porphyritic intermediate dikes. Some of the dikes contain mafic xenoliths, which are commonly 
well aligned, parallel to the predominant fabric in the dike and adjacent country rock. 

Plagioclase-Phyric Dike (Unit 13b) 

The plagioclase-phyric intermediate dikes are more common than the aphyric dikes. Because of 
the "gradational" compositional overlap with dikes having a felsic bulk composition, some of the 
plagioclase-phyric intermediate dikes appear to be akin to the felsic plagioclase-phyric dikes. 
The variation in strain among the plagioclase-phyric intermediate dikes is considerable. Both 
weakly foliated and strongly foliated dikes with anastomosing fabrics (mylonitized?) are 
recognized. The appearance of these dikes ranges considerably because of this variation in 
fabric intensity and variation in the size and crystal form of the plagioclase phenocrysts. Many 
distinctive, widely scattered dikes contain coarse-grained plagioclase phenocrysts in a fine
grained matrix. These dikes have been colloquially called "popcorn porphyries" (R. Valliant, 
personal communication, 1983). Other dikes have well-aligned mafic xenoliths. There seem to 
be few, if any, swarms of intermediate, plagioclase-phyric dikes. 

Felsic Meta-Intrusive Rocks (Unitl4) 

The majority of dikes in the map area are felsic. The felsic dikes (Table 1) are subdivided into 2 
main categories, namely phyric and "equigranular" (Tables 4A and 4B). The equigranular dikes 
include granodioritic dikes. Some of these may be related to the plagioclase-phenocryst-bearing 
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granodioritic dikes (Unit 14a), and fine- to coarse-grained granitic dikes, many of which are 
spatially and possibly genetically related to the plutons. Felsic dike swarms are common, may 
have involved multiple intrusive events, and may occur along with intermediate and mafic dikes 
(see Plates 4c and 4d). 

Most of the dikes are plagioclase phyric. Some of the plagioclase-phyric dikes are texturally 
similar to some of the marginal rocks of the Heron Bay Pluton (i.e., STOP 30 outside of the map 
area: Muir 1991) and a composite sheet of granodioritic rocks, about 200 m southwest of the 
Cedar Lake Pluton on Highway 17 (i.e., STOP 7: Muir 1991). This composite sheet consists of 
phases similar to those present in the stripped trench, about 700 m north-northwest of the Cedar 
Lake Pluton contact at Highway 17, which are interpreted to be part of the pluton. This 
similarity suggests that the sheet genetically may belong to the Cedar Lake Pluton. 

Plagioclase-Phyric Dike (Unit 14a) 

Plagioclase-phyric dikes are widespread throughout most of the map area. The dikes vary in 
appearance due to differences in the size and crystal form of plagioclase phenocrysts, and 
differences in the deformation fabrics. In some of the dike swarms (e.g., at the Williams Mine 
tailings dam site), cross-cutting relationships and different degrees of strain amongst dikes 
indicate multiple ages of porphyritic and non-porphyritic felsic dike emplacement. Some of the 
dikes contain mafic xenoliths that are oriented parallel to the main fabric in the dike. An attempt 
to date a plagioclase-porphyritic dike, exposed in the A Zone of the Williams property, was 
unsuccessful because of insufficient zircon crystals. 

There are a few bodies in the map area, interpreted to be dike- or sheet-like, that area spatially 
associated with large granitoid intrusions. One body, a composite sheet, lies about 200 m 
southwest of the Cedar Lake Pluton, and is exposed on Highway 17 (STOP 7: Muir 1991). This 
sheet consists mostly of foliated plagioclase-phyric, amphibole-biotite granodiorite, interpreted 
to be Unit 14a, (alternatively Unit 8c). This phase has apparently been intruded by foliated 
biotite-amphibole granodiorite, interpreted to be Unit 14c (alternatively Unit 8b). The 2 phases 
have been intruded by aplite dikes, then by quartz veins, both of which are folded about the 
predominant fabric which is parallel to S> The plagioclase-porphyritic phase has been dated at 
2687 ± 3 Ma (Corfu and Muir, 1989a). Another body occurs about 0.7 km northwest of "Molson 
Light" Lake as an irregularly shaped lensoid body consisting of plagioclase-porphyritic and 
equigranular granodioritic rocks, labelled as Unit 14a and 14c (alternatively Units 6b and 6d, 
respectively). The rocks, which may be one phase, are foliated. In the above examples, the 
rocks might be related to the PGC and the CLP respectively, but subtle differences in texture and 
mineralogy have been used tentatively to ascribe them to Unit 14. 

Quartz-Plagioclase-Phyric Dike (Unit 14b) 

Quartz-plagioclase-phyric dikes are not common. Most of the dikes observed occur within, or 
near, the QFPC (e.g., see Detailed Work: C Zone East Outcrop). However, some dikes are 
located well away from this unit, such as just to the south of the Golden Giant Mine tailings area. 
There do not appear to be any quartz-plagioclase-phyric dikes south of the Hemlo fault zone. 

The dikes are parallel to other felsic and intermediate dikes in the area and appear to have 
undergone a similar strain history. One of the dikes, located just west of the Williams property, 
within the quartz-plagioclase-phyric unit, gave 2 U-Pb dates of 2684 ± 2 and 2695 + 5 Ma: the 
age of intrusion is unresolved (Corfu and Muir, 1989a). 

Granodioritic Dike (Unit 14c) 
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The term "granodioritic" dike is used to describe equigranular, fine- to medium-grained, 
generally weakly foliated dikes that appear to be granodiorite, possibly tonalitic, in composition. 
These dikes, although uncommon, are present throughout the map area and are more prevalent 
south of the Hemlo fault zone. In a few cases, sparse mafic xenoliths are present. 

Felsite Dike (Unit 14d) 

These rare, fine- to very fine-grained, leucocratic dikes are locally present within the 
supracrustal rocks. Many of these dikes occur in the mafic metavolcanic rocks that lie adjacent 
to the PGC. 

Aplite Dike and Dikelet (Unit 14e) 

Aplite is found mostly within marginal zones of the PGC, CLP, and the CCS, commonly 
spatially associated with pegmatite. Aplite is also common within the mafic metavolcanic rocks 
that lie adjacent to the PGC. In a few cases, within the PGC, aplite appears to predate pegmatite 
dikes. The same relationship was noted in the CLP (STOP 6: Muir 1991), but there are some 
instances where pegmatite is intruded by aplite. In a few cases, a single dike displays aplitic and 
pegmatitic textures. 

Generally, aplitic dikes show little or no evidence of strain. Locally aplite has been mylonitized 
(Plate 4e). 

Pegmatite (Unit 14f) 

Pegmatite, like aplite, is common within the marginal zones of the PGC, CLP, and CCS. The 
temporal relationships are noted in the above section on aplite. There are also several 
occurrences, commonly within 0.5 km of the Hemlo fault zone on the south side, where 
pegmatite dikelets are exposed. In many cases, these dikelets have been ductilely deformed by 
folding (locally "S"-shaped asymmetry) and display boudinage. In one case, a pegmatite, 
located along the CP Railway line, north-northwest of Molson Lake, contains calcite and 
fluorite. 

Mesoproterozoic 

Mafic Intrusive Dikes (Diabase) (Unit 15) 

There are possibly 5 ages of diabase dike swarms in the map area, based on the work by Osmani 
(1991). Although crosscutting relationships were observed locally during the field work, the 
delineation of the various swarms is not conclusive from this mapping project and the overall 
history of diabase intrusion for this area is not yet resolved (Tables 1 and 4). The possible 
swarms that are present in the map area, from Osmani (1991), are: 

Matachewan and Hearst: strike north to northwest; occur northeast of Lake Superior; contain 
modal quartz, plagioclase phenocrysts common; age of 2454 Ma (Heaman 1988) 

Preissac: strike northeast; occur northeast of Lake Superior; contain modal quartz; age of 2150 
Ma (Gates and Hurley 1973) 

Marathon: strike northeast; occur north of Lake Superior; consist of quartz- and'olivine-bearing 
varieties; age of 2170 (Fahrig and West 1986) or 1964 Ma (Wanless et al. 1966) 

Abitibi: strike east-northeast; occur northeast of Lake Superior; consist of olivine and alkali 
olivine varieties; age of 1140.6 Ma (Krogh et al. 1987) 
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Pukaskwa: strike northwest; occur northeast shore of Lake Superior; contain modal olivine; age 
of 1.100 Ma 

Quartz- and olivine-bearing diabase dikes as well as alkalic diabase dikes were noted along the 
shore of Lake Superior west of the map area (Muir 1982a). In the only case established in that 
area, quartz -bearing diabase intruded olivine-bearing diabase. Many of the alkalic diabase dikes 
had extremely fine-grained chilled margins. One sample gave a K-Ar age of 1095 ± 62 Ma 
(Muir 1982a) which, within error limits, is similar to the age of the nearby Port Cold well alkalic 
complex (1108+1 Ma; Heaman and Machado 1987). 

Of the diabase dikes examined in thin section for this study, only quartz-bearing dikes were 
detected. Because delineation of the swarms could not be achieved, the types of diabase, 
depicted on the map, are based on textural and/or mineralogical criteria. No contact 
relationships were observed between the northwest- to north-northwest-striking diabase dikes 
and the predominant north- to north-northeast striking dikes. 

In the rare cases where relative temporal relationships between different diabase dikes were 
established, equigranular varieties intruded both equigranular and plagioclase-porphyritic 
varieties. The younger intrusions are all finer grained than the older host diabase. The presence 
or absence of plagioclase phenocrysts, as a classification tool, was also equivocal because single 
dikes locally could be either equigranular or porphyritic; a feature that is typical of Matachewan 
dikes. 

In one case, xenoliths of finer-grained diabase were noted within a coarser-grained diabase 
matrix. In another case, a later, finer-grained, chilled diabase dikelet intruded coarse-grained 
diabase, both of which had been brecciated. There is 10% disseminated pyrite in the coarser 
diabase, pyrite-filled fractures in both phases, and a calcite-epidote "vug". It is possible that the 
breccia, which presently has a chloritic matrix, is one of the cataclasite breccias (see section on 
Structural Geology). 

Apparent offset of diabase dikes along east-southeast-striking faults was observed (e.g., 
northeast of Moose Lake), or inferred from geophysical data (total magnetic field) (e.g., 
southeast of "Camp" Lake). Collectively, both dextral and sinistral sense displacement is 
apparent. 

Locally, the country rock in contact with diabase dikes is partly hematized and/or epidotized up 
to several metres from the contact. A few diabase dikes locally displayed epidote-rich pods and 
veinlets up to 4 cm thick. In one hand specimen, consisting of altered quartz-plagioclase-phyric 
host rock and a chilled diabase dikelet, there is disseminated pyrite in the host rock, and pyrite-
filled fractures within the aphanitic dikelet. 

Equigranular Diabase (Unit 15a) 

Equigranular diabase is the most common diabase in the map area. The grain size is generally 
medium to fine. Where contacts were observed, the margins are chilled and are fine- to very 
fine-grained, and in some cases, almost glassy. Plagioclase microlites are common in the chilled 
margins. 

Plagioclase-Porphyritic Diabase (Unit 15b) and 
Plagioclase-Pyroxene-Porphyritic Diabase (Unit 15c) 

There do not appear to be any significant differences between the plagioclase-porphyritic and 
plagioclase-pyroxene-porphyritic varieties of diabase other than the presence or absence of 
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phenocrystic pyroxene. The most accessible example of a plagioclase-pyroxene-porphyritic 
diabase is the dike opposite Moose Lake on Highway 17 (STOP 24: Muir 1991). 

Lamprophyre and Alkalic Dikes (Unit 16) 

Proterozoic lamprophyre dikes and alkalic dikes, possibly emplaced during tectonism and 
plutonism related to the intrusion of the 1108 Ma (Heaman and Machado 1987), Port Coldwell 
alkalic complex are present in the Hemlo gold deposit area. These dikes are found in increasing 
abundance from the map area to Lake Superior to the west (Muir 1982a, 1982b). The dikes are 
narrow and few. Many of the dikes occupy zones of recessive weathering and thus go unnoticed 
in outcrop areas that have not been cleared off. Although many varieties of dikes occur in the 
vicinity of Lake Superior, the dozen or so alkalic dikes in the present map area have been 
generalized as belonging to one of 3 types (Table 1). 

Pyroxene ± Olivine ± Biotite Lamprophyre (Unit 16a) 

Pyroxene ± olivine ± biotite lamprophyre dikes (Tables 4A and 4B) were noted at such places as: 
the A Zone of the Williams property (see Detailed Work; A Zone Pit Area); the Heritage West 
outcrop (see Detailed Work: Heritage outcrops); and along Highway 17, on the south side, just 
north of "Fault" Lake, and on the north side, just past the west end of "Fault" Lake. Waste rock 
from the mining operations indicates that there must be a number of other dikes not noted at 
surface. 

The dikes are interpreted to be autometamorphosed, hence the olivine is interpreted by 
morphology. Magnetite crystals (phenocrysts?) are commonly present Some of the dikes have 
sheared or fractured margins indicating post-crystallization tectonism. Lamprophyre dikes 
designated as Unit 12b have a pervasive schistosity and were sheared during the Neoarchean D3 
event (see . A few examples of whole rock analyses are given in Tables 4A and 4B (see section 
on Detailed Work: C Zone East outcrop). 

Biotite Lamprophyre (Unit 16b) 

The most accessible exposure of biotite lamprophyre is on Highway 17 across from Moose Lake 
(STOP 24: Muir 1991). On the north side of the highway there are 2 dikes about 10 cm thick 
each. On the south side of the highway, are weathered, bifurcated biotite lamprophyre dikes.. 

Carbonatitic/alkalic Dike (Unit 16c) 

One example of a carbonatitic/alkalic dike was noted on Highway 17, about 75 m east of the 
tumoff to Hemlo near the west boundary of the map area. The "dike" actually comprises several 
closely spaced carbonate-rich zones that appear to be associated with fracturing or faulting, and 
some form of alkalic alteration. 

U-Pb Geochronology 

Geochronological U-Pb data (Corfu and Muir 1989a, 1989b) for the Hemlo area are summarized 
in Table 5 and graphically depicted in Figure 6. The geochemistry of all samples that were 
dated, including those that are outside of the map area, have been included in Tables 4A and 4B 
for reference. An attempt to place a date on a regional metamorphic event, using a sample of 
coarse-grained amphibolite taken just north of the Hemlo fault zone, was unsuccessful because 
of a lack of zircon crystals. 

Most granitic intrusive activity (plutons and dikes) in the general Hemlo gold deposit area 
occurred between 2684 and 2688 Ma (e.g., Cedar Lake Pluton, Cedar Creek Stock, Heron Bay 
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Pluton, Pukaskwa Gneissic Complex). Older intrusive activity occurred at 2719 Ma (e.g., 
Pukaskwa Gneissic Complex), and younger activity occurred at 2678 (e.g., Gowan Lake Pluton). 
This intrusive activity post-dates volcanism, at 2772 Ma, for the QFPC, north of the Hemlo fault 
zone. 

Titanite, shows 3 clusters of ages: those corresponding closely to igneous ages (2688 to 2684 
Ma) from samples farthest away from the Hemlo gold deposit; those corresponding to the age of 
the Gowan Lake Pluton (2678 to 2676 Ma), but lying outside of the highly strained and altered 
rocks spatially associated with the Hemlo gold deposit; and those notably younger (2672 to 2670 
Ma) from rocks within the highly strained and altered rocks associated with the Hemlo gold 
deposit 

Rutile and monazite, possible products of the alteration associated with the Hemlo gold deposit, 
indicate an additional, much younger, ill-defined, thermal event(s) at 2650 to 2630 Ma. 

Structural Geology 

Introduction 

There been considerable strain recorded in the rocks of the Hemlo gold deposit area. The 
deformation history was multi-phase and complex, indicated by multiple fabrics, considerable 
shortening and extension, incipient to well-developed transposition of layering, tight to isoclinal 
folding including intrafolial folds, ductile shearing, and layer-parallel faulting. These processes, 
along with primary layering, have contributed to the false appearance of a primary layer-cake 
stratigraphy on the map. The style of deformation in the map area varies considerably from 
place to place, reflecting: the different mechanical characteristics (i.e., competencies) of the 
parent rock types; and the diversity of local deformation processes and events (e.g., proximity to 
fold hinge zones and shear zones). 

There are a few terms used which require a definition for the purposes of this report: 

1) The designation of degree of strain (e.g., "high strain") was qualitatively assessed and 
based on degrees of: schistosity development, including the presence and interangular 
relationship of s-c-c* fabrics; transposition; tectonometamorphic layering; tightness of 
folding; boudinage; and attenuation. 

2) "High-strain zone" is used to designate a tabular feature along which the degree of 
ductile strain is significantly greater, qualitatively, than mat on either side of the zone. 
The rocks within the zone are characterized by intensely foliated and/or folded rocks. 
The zone is commonly mesoscopic in scale within an outcrop, and may be macroscopic 
in extent The term "shear zone" is used synonymously here and is derived from the 
usage in the literature. 

3) "Fault" is used to designate a planar feature along which recognizable offset has been 
observed or inferred from geologic unit configuration. In some cases, a later(?) episode 
of brittle/brittle-ductile displacement appears to have been superposed upon a pre
existing high-strain zone, in which case the term "fault zone" is used. "Major fault zone" 
refers to macroscopic-scale fault zones. 

4) "Deformation zone" is used to refer to a broad, generally curviplanar zone of 
heterogeneously strained rocks composed of: numerous high-strain zones; and rocks 
between the high-strain zones which exhibit lesser degrees of strain ranging from strong 
to slight. A subjectively defined envelope, drawn to enclose the highest density of high-
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strain zones, constitutes the deformation zone boundaries. Deformation zones are 
macroscopic-scale features. 

5) There are 4 generations of structural elements recognized in this report, although 
recent re-evaluation indicates at least 2 more are plausible. For simplicity and 
convenience of classification in this report, all features, such as planar fabrics, folds, and 
lineations, associated with a specific structural generation are designated as belonging to 
the same deformation event (e.g., D2). It is possible that a single progressive deformation 
event may account for what is here termed 2 discrete deformation events. 

Units shown on the lithological map represent, collectively: a primary rock type (rarely); 2 or 
more intimately associated rock types, albeit deformed; or, most commonly, lithotectonic 
combinations of primary rock units and tectonometamorphic units. Contacts between units may 
be: primary depositional; 2 ) structurally modified depositional; or 3) structural. The units 
depicted represent a modified, but not original, stratigraphic succession. 

There appear to be at least 3 major "blocks" of lithotectonic units separated by interpreted, near 
layer-parallel fault zones. These fault zones are, from south to north, the Hemlo fault zone and 
the Cedar Creek fault zone (Figure 4; detailed Lithologic Maps). The fault zones are evident 
because of locally truncated units (e.g., the south limb of the large fold on the Williams property, 
or at the west end of "Fault" Lake), or general changes in rock types or characteristics (e.g., 
across the Hemlo fault zone). The middle major block contains several high-strain zones, one of 
which, for the most part, coincides with the Hemlo gold deposit and is termed the Lake Superior 
Shear Zone (Figure 4; detailed Lithologic Maps). The rocks between the Hemlo fault zone and 
the Cedar Creek fault zone comprise what may be referred to as the Hemlo deformation zone 
(Fyon et al. 1992). No attempt to specifically outline this zone throughout the map area is made 
in this report. Major fault zones are discussed near the end of the section on "Structural 
Geology". 

There are several, and perhaps dozens of less discretely delineated, moderately high- to high-
strain zones present in the map area. South of the Hemlo fault zone, several layer-parallel to 
subparallel lineaments are present, some of which are conspicuous and up to 6 km long. These 
lineaments are roughly parallel to the contact between the volcano-sedimentary rocks and the 
Pukaskwa Gneissic Complex. Some lineaments appear to mark lithological changes on either 
side, but others do not. 

Commonly, within any given lithotectonic unit, there is evidence of more than 1 stage or 
generation of structural element There are 4 recognized stages or generations of deformation in 
this report For the sake of simplification, these have been designated as D1, D2, Dy and D4, 
(see Table 3 or the legend on maps for Structural Geology of the Hemlo gold deposit area). 
There is insufficient evidence, at this point, to ascertain whether some of these stages are part of 
a progressive deformation event 

The following simplified interpretation of the structural history has been modified from Muir 
and Elliott (1987) . SQ refers to bedding, generally with primary sedimentary features. S1 refers 
to a compositional layering similar to bedding but which lacks sufficient criteria to be termed SQ 
with confidence. Sj and/or SQ are locally observed to be folded (Fp, apparently on a small 
scale (folds <0.5 m amplitude). These features are overprinted by an S2 fabric, which forms an 
axial planar cleavage to F2 folds and appears to reflect a regional folding event that resulted in a 
preponderance of "S"-shaped asymmetrical folds. 

The above structures are overprinted by a locally developed, but widespread, generally 
micaceous, crenulation fabric, S3, which is axial planar to "Z"-shaped F3 folds. Locally there 
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are kink folds, some in conjugate pairs, which are designated as F4 folds. Cataclasite, 
ultracataclasite, and pseudotachylite, which are commonly layer parallel, occurred 
synchronously with, or post-development of the F3 and possibly the F4 folds. 

The generation of a fabric could not be deduced consistently by its orientation (i.e., azimuth) 
alone. Commonly, some pairs of fabrics (e.g., S or S2/S3) have a similar interazimuth 
angle from one place to another, but the actual azimuths are different, suggesting that the fabrics 
may have been deformed (i.e., rotated) at a later stage. In some cases, for example, fabric "A" at 
one place may have the same azimuth at another place as does fabric "B" at the first place. As 
many of these cases, involve similar rocks types, the role of refraction of fabrics, from one rock 
type to another, does not appear to account for the change in orientation. 

Below are the general characteristics of the different stages or generations of structural elements 
and the relationships with other generations. 

First Generation Structures: Dj 

Folds 

The earliest deformation structures recognized are: isolated, small-scale (<0.5 m amplitude), 
tight to isoclinal (present configuration) folded (Fj) layering; and layer-parallel zones of 
disruption. Several Fj folds have been noted, although the regional distribution and abundance 
of the folds is not known. No megascopic first-generation structures have been recognized, and 
it is not known to what extent this generation of structure might contribute to the overall 
geometry of the Schreiber-Hemlo greenstone belt The Fj folds occur as: 

-contorted, refolded layering, and isoclines within the "Back 40's" outcrop (see Detailed 
Work: Back 40s outcrop: Plate 14c); 
-contorted layering and an overprinted "S"-asymmetrical fold near the Cedar Creek Stock 
on the Yellow Brick Road, ("ML McKinnon" on access road to the Golden Giant Mine; 
outcrop no longer exposed: Figure 32, Detail A); 
-a north west-trending, shallow-plunging "M"-shaped fold within the northeast-trending, 
moderately steep-plunging Highway 17 fold southwest of Cedar Creek (see STOP 8: 
Muir 1991; feature no longer present); 
-a rootless, isoclinal, intrafolial fold in the outcrop south of Moose Lake on the south side 
of Highway 17 (see STOP 24: Muir 1991); and 
-a rootless, isoclinal, intrafolial fold in an outcrop south of the microwave tower to the 
east of the Hemlo road turnoff on Highway 17. 

Refolded folds in layering were also noted adjacent the Cedar Lake Pluton near the powerline, 
and near the Pukaskwa Gneissic Complex at the Williams Mine tailings dam site at Molson 
Lake, both within mafic metavolcanic rocks. However, it is not clear whether these are Fj folds. 
Refolded folds are also found in granitic dikelets adjacent these plutons and the Cedar Creek 
Stock. These features are discussed in the section on Second Generation Structures. 

The Fj folds are typically confined to isolated layers or zones of layers. All Fj folds are 
overprinted by a weakly to moderately well-developed penetrative S2 schistosity or cleavage. 
Some Fj folds have been refolded by subsequent F2, and possibly F3 folds, illustrated by a 
doubly plunging interference fold or sheath fold, present in the Back 40s outcrop (e.g., Figure 
33). The three-dimensional exposure necessary to resolve the type of fold that is present here is 
lacking. Interference patterns may have been produced by multiphase folding prior to F2. 

Because no primary features were identified within the metasedimentary rocks hosting the F j 
folds, one cannot distinguish between: refolded folds representing a widespread earlier Fi 
folding event; or localized disruption of layering in layer-parallel zones during differential shear 
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accompanying F2 folding, in which some layers become disconnected, folded, and overprinted 
in a progressive strain process. 

Planar Elements 

No penetrative axial-planar fabric has been recognized in the closures of Fj folds, except with 
the rootless, intrafolial Fi folds where these have been tightened and oriented about the S2 
overprinting cleavage. Where layered metasedimentary rocks displayed no primary sedimentary 
features, the layering has been designated as Sj . Otherwise, S2-parallel, compositional layering, 
which is due to transposition, or possibly pressure solution cleavage (e.g., "stripey" cleavage), is 
designated as S2. Gneissic layering or tectono-metamorphically modified S | layering is 
designated as Sg. 

Zones of Tectonic Disruption 

Other early structures are 2 layer-parallel zones of disruption within the "Back-40's" outcrops 
(e.g., Figure 33). No other similar zones were recognized elsewhere but several possibilities 
exist within the stripped trenches on the Golden Sceptre property. It is possible that the sparse 
number of such zones within the map area reflects the normal, poor, bush exposure. The 2 zones 
are briefly described below. 

The southern zone is a 2 m thick unit that was traced on both limbs of the large-scale, F2, 
Williams property fold (Muir 1985b) which closes approximately 50 m to the southwest of the 
"Back 40's" outcrop (see Walford, Stephens et al. 1986, Walford, Weicker and Guthrie 1986). 
The characteristics of the zone are complex and differ along strike from outcrop to outcrop. 
These differences also occur on the outcrop scale. For instance, the Back 40s outcrop shows at 
least 3 ill-defined, but distinct segments along a strike length of 20 m. The eastern segment is 
characterized by numerous pebble- to cobble-size lenses within a matrix consisting of fine-sand 
to granule-size particles including numerous feldspar crystals. The lenses comprise numerous 
rock types, such as wacke, siltstone, arenite, and amphibole-rich material, which represent a 
wide range in competency. This segment has the appearance of a conglomerate with a coarse 
wacke matrix. The western segment displays numerous lenses of various rock types and some 
contorted amphibole-rich layers, all within a fine wacke matrix. The middle segment comprises 
a mixture of lenses of various rock types and refolded, rusty siltstone and wacke layers. Both the 
eastern and middle segments contain composite lenses (i.e., clasts within the lenses). Some of 
the lenses are up to 1 m long and are remnants of layers of amphibole-rich material and arenite. 
Both the lenses and layering are now largely, but not entirely, oriented parallel to the S 9 fabric. 
Some folded layer remnants are Fi isoclines. Interference patterns occur in the matrix laminae 
where rootless Fj isoclines and M- or W-shaped folds have been overprinted by F2 folds. 

The northern zone is a 2 m thick unit that was observed only in the more northern of the 2 Back 
40s outcrops. This zone terminates with a saw-tooth-shaped contact To the west of this contact 
lies tectonically disrupted (ductile and brittle) and locally internally folded, thickly laminated to 
very thinly layered feldspathic siltstone and arenite with some amphibole-rich layers. The zone is 
bounded on both sides by wacke. To the east of the contact lies relatively undisturbed, thinly to 
medium layered wacke containing what are interpreted to be rip-up clasts which are not oriented 
parallel to S2. 

The zones of disruption are characteristically concordant along one margin, and slightly oblique 
to local layering along the other. The concordant to slightly discordant nature of these units, and 
the restriction of F j isoclines to isolated zones suggests that first-generation structures were 
formed by differential movement subparallel to layering. 
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Speculative interpretations as to the origin of these zones of disruption include: soft-sediment 
slumping along a conglomerate horizon with incorporation of other layered sediments, and 
subsequent modification by later tectonic events; low angle thrust fault surfaces, with the 
fragmental appearance of part of one of the zones possibly due to rubble from the advancing face 
of the thrust sheet deposited in advance of the overriding sheet (i.e., thrust tip conglomerate); and 
low-angle, normal faulting. 

Second Generation Structures: D 2 

Structures related to a Do event comprise: a variety of planar fabrics related to the axial planar 
cleavage of F2 folds, sucn as schistosity, cleavage, and 2 types of compositional layering 
including gneissosity; and linear elements related to elongation (L e2), intersection (Ljj 2) m& 
mineral alignment (Lm2)-

Folds 

The major megascopic structures in the Hemlo Belt, as determined in this study, are second-
generation folds (F2). Outcrop-scale F2 folds are widely distributed, characteristically tight to 
isoclinal, and commonly display "S"-shaped asymmetry in the Hemlo gold deposit vicinity, 
although some small "Z"-shaped F2 folds exist, as would be expected, depending on the limb of 
observation (Figure 7). Large-scale F2 folds in the Hemlo gold deposit vicinity, collectively 
described by Muir (1982b, 1985b), Patterson (1984), Hugon (1984), Guthrie (1984), Walford, 
Stephens et al. (1986), and Walford, Weicker, and Guthrie (1986) are north of the Hemlo fault, 
and include: 

-a reclined(?) fold 1.4 km north of Highway 17 on Highway 614; 
-the reclined, southeast-closing "Cedar Creek fold", about 150 m west of Cedar Creek on 
Highway 17; 
-the northwest-plunging, inclined, antiformal, northwest-closing "Williams property 
fold", north and northeast of the Williams Mine. 

An undetermined relationship exists between overturned, southfacing pillowed flows at Botham 
Lake and upright, north-facing pillowed flows south of the Golden Giant Mine tailings pond. 

Relatively unequivocal top directions, interpreted from the turbidite-like units within the Cedar 
Creek fold, indicate that the structural facing is to the northwest. The layering in one small 
exposure (north side of Highway 17 towards Cedar Creek; see also STOP 8: Muir 1991) 
provides a hint of a parasitic fold or a northwest-closing paired fold to the northeast which would 
make this an "S"-shaped structure. However, this is unconfirmed. 

For the Williams fold, die areal distribution of felsic, quartz-plagioclase porphyritic rocks (see 
Lithological map of the Hemlo gold deposit area) suggests that a southeast-closing paired fold is 
present (to die southeast of the Williams fold, south of Highway 17) which would also make this 
large fold an "S"-shaped structure. Note that there may be a dislocation of some degree within 
the second fold nose. 

Equivocal top directions in the area of the Back 40s outcrops preclude confident determination 
of structural facing for the Williams fold. In the vicinity of these outcrops, there is weak 
evidence for opposite facing directions on the same limb. This evidence is corroborated in 
several other places throughout the map area where less deformed bedding/layering indicates top 
directions are different from place to place for the same limb of the large F2 fold. Further 
complications are noted where, for instance, to the northeast of the Williams fold, on the 
Williams property, the strike of Sj and locally S2 is notably oblique to the equivalent elements 
on the nearby northeast limb of the fold, and is accompanied by changes in colour and 
mineralogical grading in the layering. If normal grading was the sole process involved in 
primary depositional grading of sediments, as has been assumed for initial purposes in mis study, 
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then there is a strong possibility that large-scale refolded folds are present. This may help to 
explain the presence of multiple "F2" fold closures in some localities, such as the Heritage 
outcrops (see Detailed Work; Heritage outcrops) and the David Bell Mine turnoff (STOP 9: Muir 
1991), some of which may be folds. In light of the recent work in the Wawa area by Arias 
and Helmstaedt (1990), where recumbant folds and multiple fold generations have been 
interpreted, prudence also should prevail in attempts to reconstruct the Schreiber-Hemlo 
greenstone belt. 

Preliminary construction of the axial planes and fold hinges of these folds, constructed from 
bedding cleavage measurements, show that, from east to west: the axial planes become steeper; 
and the fold hinges change from east-northeast trending/shallow plunge, through northeast-
trending/moderate plunge to north-northwest trending/moderate plunge about an axis oriented at 
010° and on a small circle dipping 60° from north. Data from more folds are needed to evaluate 
this oattern but one possible explanation is that F2 folds have been refolded about axes that trend 
190° and plunge 40°. 

Orientation data for St and S2 in the area north of the Hemlo fault suggest that this area may 
represent the north limb of a much larger-scale Fo fold. Throughout this part of the belt, the S2 
fabric is oriented predominantly clockwise from S|. South of the Hemlo fault, no major folds 
have been delineated. However, there are a few mesoscopic folds that are interpreted to be F2 
which also display, more commonly, "S"-shaped asymmetry, and much less commonly, tight, 
"Z"-shaped asymmetry, as seen in some gneissic amphibolite. At least some of these folds have 
been intersected along the axial planar cleavage by granitic dikes, consistent with Fo generation 
folds, based on structures north of the Hemlo fault zone. Additionally, "S"- and "Z -shaped 
folds are locally present within several metres (e.g., the outcrop at the northwest end of Williams 
tailings dam), both of which are overprinted by an S3 crenulation cleavage. The "Z"-shaped 
folds tend to be tighter. The "S"-shaped folds were noted in gneissic amphibolite and in 
granitoid dikelets (e.g., Plate 4d). These observations and others (e.g., Plates 5b and 5c) may be 
additional evidence for refolded folds (see section on Fj generation folds). 

Throughout the map area, where the asymmetry of mesoscopic F2 folds can be determined, it is 
most commonly S-shaped. This geometry was also interpreted outside of the map area for a 
large-scale (amplitude 2 km+), open fold, near Mussy Lake, about 15 km southwest of Moose 
Lake, in mafic metavolcanic rocks (Muir 1982b). North of "Fault" Lake, the S2 cleavage is 
clockwise from S j and can be traced, from north to south, into what is interpreted to be a high-
strain, possibly mylonite, zone. Within the highly strained rocks, S2 is either parallel to the 
gneissic layering (SJ or is oriented clockwise from it in isolated, biotite-rich fragments or 
disrupted layering. Scattered, S-shaped F2 folds have axial planes that are parallel to the main, 
possibly mylonitic fabric. 

Elsewhere, indications of folds were noted from changes in relative orientation between S j and 
S2, such as on L64W, about 200 m north of the baseline (e.g. Figure 23B). In some of these 
cases, there is insufficient information to depict the folds on the detailed Structural map of the 
Hemlo gold deposit area. 

An example of what is interpreted to be refolded Fo folds is found on the north side of Highway 
17 (see STOP 13: Muir 1991), adjacent to the highly strained Barren sulphide zone, within a 
possible extension of the Cedar Creek fault zone. The Fo folds here appear to have an overall 
"Z"-shaped asymmetry which may be accounted for by the possibility that the rocks here are part 
of the middle limb of a large "S"-shaped F2 fold, represented best by the Williams property fold. 
In one spot, a "synform-antiform" pair defined by an altered amphibole-rich layer, plunges to the 
northeast and northwest respectively (see Detailed Work: Barren sulphide zone section). The 
long axes of anthophyllite crystals, which are confined to some layers, lie parallel to east-
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plunging axes in fold noses, but are variously oriented subhorizontally within the limbs of these 
folds. 

Where folds and dikes were observed together, it was noted for the most part that the 
intermediate and felsic porphyritic dikes appeared to be axial planar to F2-folded layering, 
although this was not always the case (e.g., Figure 13). Mafic dikes appear to be of more than 
one age as some are folded apparently during D2 and D3, whereas others are axial planar to the 
predominant fabric which is So or S3. However, collectively, at or very near the contacts with 
the Pukaskwa Gneissic Complex, Cedar Lake Pluton, and Cedar Creek Stock, there are features 
of importance such as: Fj folded layering overprinted by So; Fo-folded granitic dikelets, based 
on spaced So cleavage in the country rocks adjacent to the dikelets; and refolded country rock 
layering andrefolded granitic dikelets, overprinted by F3. 

Planar Elements 

Figure 7 displays the general trace of layering and planar fabrics within the map area. Empirical 
interpretations of the §2 fabric are based largely on outcrops north of the Hemlo fault zone 
where the development and orientation of fabrics is better. The axial-planar foliation (S2) occurs 
as a penetrative foliation, a spaced cleavage, and/or a differentiated layering ("stripey") which 
ranges from well-defined layering to wispy compositional layering, the development of S2, 
concomitant with transposition, has locally obliterated traces of SQ and S j layering. The So 
fabric is most easily recognized near F2 closures where it is oblique to SQ or S j layering. On the 
limbs of F2 folds, Sj and So are transposed, and gross compositional layering is parallel to 
feldspathic laminae with millimetre- or centimetre-scale spacing. 

The penetrative S2 fabric is defined by a preferred dimensional orientation of inequant grains 
such as biotite or amphibole. It may be manifest as a faint fabric (See Plate 4f), or a distinctive 
schistosity, such as in the nose of F2 folds. Well- to poorly defined transposition of layering and 
infilling of layers along cleavages in noses of folds is also common (See Plate 5a). Locally, the 
schistosity shows refraction across layers having different grain size. 

The spaced S7 cleavage, which appears to be a form of fracture cleavage (millimetre to 
centimetre scale), is defined by 0.5 to 2 mm thick quartz + feldspar ± mica ± amphibole 
segregations. The cleavage planes are generally traceable for no more than a few decimetres, as 
constrained by the bounding limits of the layer in which the cleavage has developed. Locally, 
refraction of the cleavage across layer boundaries was noted. Where the S2 cleavage is 
essentially parallel to Sj layering, the layering appears to have been enhanced by tectono
metamorphic recrystallization to produce a gneissosity (Plate 2f). Furthermore, the S2 cleavage 
planes enhance the layering by the development of additional, more closely spaced, 
tectonometamorphic layering defined by fine-grained mineral segregations along the cleavage. 
The result is sharply defined planes with a symmetrical development of pink minerals 
(hematite?, potassic feldspar?), sericite ± chlorite ± biotite, and bleached rims adjacent the 
planes. 

The differentiated layering occurs in the form of compositional layering developed on the scale 
of millimetres to 10 centimetres. This differentiated layering may mimick lithological layering 
(SQ, SI ) in colour, grain size, and mineralogical modes (e.g., Plate 14d). The structure appears 
to oe developed locally, on a relatively small scale, and is most evident where Sois notably 
oblique to SQ or S j . However, it may be difficult to distinguish the differentiated layers from S j 
in small outcrops or trenches where §2 is parallel to Sj . 

In several cases, the process leading to the development of cleavage infilling and/or transposition 
of the layering has resulted in a pseudo-fragmental structure, with more competent layers being 
disaggregated into lenses (generally lighter weathering) within a less competent (generally 
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darker coloured) matrix. The pseudo-fragmental structure, where observed, occurs most 
commonly in the noses of F2 folds. An incipient example is shown in Plate 5a. 

Measurements of St and So, taken on both limbs of some exposed folds, showed that the range 
in strike (~ 10° to 13°) of S[ is essentially the same as the range in strike for S^ This is partly 
the result of a fanning of the S2 cleavage (see Figure 9: angles exaggerated). 

Some Fo folds appear to have composite axial-planar fabrics. This is best exposed in the west-
closing fold on the northwest side of Highway 17 at the exit to the David Bell Mine (see STOP 
9: Muir 1991). Here, quartz ± feldspar ± chlorite ± amphibole vein-like segregations (S2V), 
restricted to specific layers, are oblique to a more typical S2 spaced cleavage and a preferred 
dimensional orientation of minerals (Figure 9). Alteration adjacent to the veinlets has produced 
wispy compositional layers and lenses with a corresponding slight increase in grain size and a 
presence of chlorite. The chlorite may have formed at the expense of biotite, which is present in 
the "unaltered" Si layers. The veinlets have a systematic geometric relationship to both the F2-
fold closure and tne typical S20 fabric; the veinlets are oriented counterclockwise to both S1 and 
S20 on the northeastern limb or the fold, and are clockwise to Sj and S o a on the southwestern 
limo. The segregations or veinlets appear to be offset across traces of the wispy S2 fabric 
(Figure 9, upper diagram) and, thus, may predate it It is inferred that the veinlets initially 
formed at a high angle to layering, perhaps during layer-parallel shortening and were either 
reactivated as shear planes during F2 folding, or were offset by removal of material along the 
trace of the wispy S2 cleavage (i.e., pressure solution). 

Several cases were noted where complicated and confusing spaced cleavages are present. In 
some cases, more than one set of So-like cleavage is present, one of which is folded. In this case 
(see Figure 10), an axial-planar-differentiated layering (S2), defined by thin seams of pink, 
feldspathic material appears to be overprinted by an apparently identical axial-planar fabric (S2'). 
This suggests F2 folds may locally belong to more than one generation, and that their formation 
was part of a progressive deformation. It is still not clear, however, whether these features 
represent formation of Do structural elements from progressive deformation, or whether a D2 
element was overprinted hy a D3 element. Whether the features formed by general noncoaxial 
shear, as opposed to ideal simple noncoaxial shear (e.g., see Hanmer and Passchier 1991), is also 
unclear. 

In other cases (e.g., Detailed Work: Heritage outcrops), there is what appears to be a spaced S2 
cleavage, oriented at an angle to Sj , which is locally folded with "S" or less commonly "Z" 
asymmetry. However, there is also another set of So-like spaced cleavage, oriented oppositely to 
the S1 layering, which is apparently undeformed. Tnese cases suggest either that: the spaced 
features are not an S2 cleavage, even though they are similar to features elsewhere that are 
consistent with expected geometrical relationships to an observed fold; or there is more than 1 
generation of cleavage development. These observations may constitute more evidence for 
large-scale refolded folds. In some cases, S2 cleavage is deformed into small-scale, S-shaped 
folds (e.g., Plates 12d and 12e). This may represent folding of cleavage during progressive 
tightening of F2 folds. 

Lithological layering (SQ/J) and S2 fabrics change strike considerably in the area about the 
Cedar Creek Stock (Figure 7). The directions change from northwest, to west-southwest, to 
west-northwest, and eventually to west, as one goes from east to west around the south side of 
the stock. At this point, it is not possible to determine with certainty whether the stock intruded 
synchronous with, or subsequent to, D2 folding, but it is considered unlikely that intrusion 
completely preceded D2 folding. 

Unequivocal So cleavage was rarely observed in rocks south of the Hemlo fault zone. Where 
observed, S2 cfeavage orientations exist both clockwise and counterclockwise to S j layering, 
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which indicates F? folds are present. Just south of the Hemlo fault zone, S2 is clockwise to S 
as it is to the north of the fault. Cross-sections of units, exposed in trenches (blasted for tailings 
or effluent pipelines), show homoclinal rolls in the layering about generally subhorizontal, west-
to northwest-trending axes. However, these rolls could not be unequivocally determined to be 
F2 folds. These subhorizontal rolls could explain the locally shallow dips, the general lack of 
recognized S2 cleavage, and the similarly plunging mineral and intersection lineations found 
throughout much of this area. Elsewhere, "S"-shaped folds with shallowly plunging, east-
southeast-trending axes were interpreted to be F2 folds, as they occur in very close proximity to 
similarly oriented "Z"-shaped F3 folds. 

Throughout the map area are mesoscopic dislocations of layering along faults (e.g., Figure 15). 
These dislocations may be concomitant with stages of higher strain during D2, or they may be of 
a generation later than D2. 

Linear Elements 

The lineations associated with D2 include: F2 fold axes (Ln) (discussed in part under F2 folds), 
intersection lineations (Lij 2). mineral lineations (L m 2); and elongation lineations (L e2) (Figure 

There is a prominent intersection lineation throughout the Heron Bay—Hemlo part of the 
Schreiber-Hemlo greenstone belt This lineation can locally be demonstrated to be the S1-S2 
intersection. The lineation is commonly parallel or subparallel to Lf2 and L e2- Elongation or 
dimensional lineations (L e2), defined by deformed clasts, xenoliths, and quartz crystals, as well 
as long axes of mineral aggregates are also parallel to L^ . All of these structural elements 
suggest a component of elongation parallel to Fo-fold axes. Weakly developed L e 2 affecting 
quartz in the Heron Bay Pluton and possibly in the Cedar Lake Pluton provide equivocal 
evidence for pre- to syn-D2 intrusion. 

Mineral lineations parallel or subparallel to Ljj 2 m a v he defined by amphibole, biotite-chlorite, 
muscovite, or tourmaline. Apparently undeforrhed tourmaline has also grown locally as 
unpreferentially oriented crystals or in small rosettes, locally within outcrops containing aligned 
tourmaline (L^o) (e.g., west of the Williams Mine along Highway 17, and in the hangingwall of 
the A Zone or me Williams property). The presence of 2 styles of orientation of tourmaline 
suggests that heterogeneous strain was occurring during growth of tourmaline, or, given 2 styles 
found within single sites, that some or all of these tourmaline crystals grew passively in the pre
existing Lj^2 fabric. 

North of the Hemlo fault zone, the L m 2 lineations range from moderately plunging and 
northwest trending in the west and central parts of the map area (Figure 8). To the south of the 
Hemlo fault zone, L m 2 plunges shallowly to the northwest in the west and central parts of the 
map area. In both cases, information in the east part is too scarce for generalization. Fo folds 
are locally seen to deform these lineations, which helps to indicate their relative chronology. 

Along Highway 17 just southwest of the Cedar Creek Pluton contact, there are indications that 
F2 and Lji 2 ^ subhorizontal. Changes in the steepness of S2 relative to (i.e., S2<Sj, and 
S2>Sj) were noted. This suggests that additional folds are present in this part of the map area, 
but that they may have been missed because of the shallow plunges and apparent parallelism of 
S2 and in the horizontal plane. 

Considering the factors for the large-scale F2 folds, the apparently small-scale F^ folds, and 
generalized orientation of Lij y across the map area suggests mat the structural history is more 
complicated than presented in mis report It is possible that large-scale refolded folds are 
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present, but the difficulty in determining facing directions and paired fold geometry precludes 
acceptance or rejection of such a scenario at this point 

Boudinage is present in many dikes and relatively competent layers such as amphibole-rich 
layers. This has resulted in extension, roughly in an east-west direction. However, because of 
the superposed effects of D3 (discussed below), modification of the boudinage-related structural 
elements has occurred, making interpretation of strain history more difficult (Figures 11 and 12; 
also see subsection on linear elements, below). Boudinage has occurred in 2 directions locally, 
producing in 1 case, a conglomerate-like feature out of an aplite dike, near the contact with the 
Cedar Lake Pluton on Highway 17 (since removed). 

Third Generation Structures: D 3 

Structures that overprint F2 folds, S2 schistosity, cleavage, and compositional layering as well as 
possible mylonitic laminae include: widespread, mesoscopic Z-folds (F3); a widespread, locally 
penetrative foliation(s) (S3 or locally S3C, S3 C , and/or S3C»); intersection lineations (L ^ 
mineral lineations (Lnrf); quartz rods and quartz rods (Lj.3); slickensides (L s3); and cataclasite 
and pseudotachylite (designated as "T" and "R", respectively, Table 3). 

In many cases, folded and contorted layering within metasedimentary rocks was of an unclear 
generation. Complex folding in siltstone (See Plate 5b), faintly discernible folding in otherwise 
straight layered wacke (See Plate 5c), and dismembered layering in feldspathic metasedimentary 
rocks (See Plate 5d) is the end result of cumulative strain in the rocks. As all of these examples 
were noted within highly strained rocks, it is not clear to what degree D3 strain was involved. In 
all cases, characteristic 63 features were not evident and hence, the features may represent D2 
high-strain features. Possible explanations are presented in the Discussion section. 

Folds 

The F3 folds have open to tight interlimb angles and "Z"-shaped asymmetry (rarely "S"-shaped) 
and have, typically nucleated about, or in association with, near-layer-parallel faults, boudins and 
quartz rods. In many cases, they resemble relatively large-scale kink folds. Although locally 
steeply plunging or horizontal, such as in the Hemlo fault zone, F3 fold axes across the map area, 
from west to east, generally plunge moderately to the northeast, east, and east-southeast north of 
the Hemlo fault zone, and shallowly to moderately to the east to southeast south of the Hemlo 
fault zone (Figure 8). 

The largest F3 fold observed lies on the south side of Highway 17 at the western edge of the map 
area (see Detailed Work: Large Fa Fold) and has an amplitude of about 5 m. A second F3 fold, 
perhaps larger than the above fold, is inferred from rotation of Sj and S?, at a location about 350 
m west of the Golden Giant Mine tailings road on the east-northeast-strixing powerline north of 
the Williams property. Otherwise, amplitudes generally range from a few centimetres to <0.5 m. 

To the north of the Hemlo fault zone, F3 folds tend to be open. Those south of the Hemlo fault 
zone tend to range from open to chevron in style. Several outcrops, between "Lim" and "Molson 
Light" lakes display extensive chevron-like folding with fold envelopes in en echelon zones. 

Some F3 folds have deformed S2 cleavage and L2 lineations (e.g., STOP 9: Muir 1991) and 
rarely F2 folds. In a few instances, within the same layers, "Z"-shaped F3 folds lie within a few 
10s of centimetres of "S"-shaped F2 folds (e.g., Figure 39) producing an apparent refolded fold 
pattern. However, this is not the case: the layering was folded at adjacent places but at 2 
different times. 

Planar Elements 
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The S3 fabric may be defined by: a preferred dimensional orientation of phyllosilicate minerals 
such as muscovite and/or biotite; or metamorphic minerals such as sillimanite and anthophyllite; 
or a crenulation (spaced) cleavage, ranging from 1 to 10 mm apart, in schists or cleaved 
feldspathic rocks. The intensity of S3 fabric ranges from weakly developed, particularly within 
cleavage planes (e.g., Figure 16), whether in proximity to F3 folds or not, to intensely developed 
in high-strain zones. 

The strike of the fabric ranges from east-northeast to east in the western and central parts of the 
map area north of the Hemlo fault zone, and east to east-southeast in the eastern part of the map 
area, both north and south of the Hemlo fault zone (Figure 7). North of the Hemlo fault zone, S3 
fabrics commonly dip moderately to steeply to the north, although steep, south-dipping fabrics 
were locally noted, particularly in high-strain zones. To the south of the Hemlo fault zone, S3 
fabrics dip steeply north and steeply south. 

North of the Hemlo fault zone, the S3 fabric is present locally as a crenulation cleavage, 
particularly within and near F3 folds and some boudin necks. South of the Hemlo fault zone, S3 
crenulation fabric is more pervasive, particularly in mafic units or layers where it may be the 
predominant fabric. In a few cases, the combination of compositional layering and relatively 
tight, chevron-like F3 folds has produced an incipient differentiated layering (Plate 5e). 

Dextral sense s-c fabrics are locally common, within high-strain zones. The fabrics may be quite 
evident and pervasive in an outcrop, or only locally present and diffuse (Plate 3d). Dextral s-c 
fabrics along with shear bands (c') are found: in sericite-rich schists, such as near the Barren 
sulphide zone (STOP 14: Muir 1991); in the phyllonitic, chlorite-actinolite-talc schist within the 
Hemlo fault zone (STOPs 25 and 26: Muir 1991); and, overall, in numerous mafic to 
intermediate dikes that contain significant phyllosilicate minerals. This Hemlo fault zone 
phyllonite possibly records the latest, dextral, movement on the Hemlo fault. Folded mafic and 
felsic dikes in the phyllonite have Z asymmetry (Figure 14). Dextral shear bands (c'), and s-c 
fabrics have formed in the schistose matrix on the limbs of the folds. Folds in the phyllonite 
have no axial-planar fabric aside from a locally developed crenulation cleavage, and their axes 
plot on a small circle in stereographic projection. This suggests that the folds have been 
refolded, perhaps by progressive deformation. One structure in particular, a polyclinal fold, 
displays fanned folds with an overall span in axial planar, crenulation cleavages of 125° (Plate 
5f) (STOP 25A: outcrop c; Muir 1991), and appears to have developed by progressive crumpling 
of layering and dikes adjacent to a detachment within the Hemlo fault zone. 

Locally, in stripped trenches on the Golden Sceptre property, elongate lithons or pods of country 
rock are surrounded by schistose zones, which are thickest at the ends of the lithons. Equivocal 
kinematic indicators, such as fabric deflection, suggest an opposing shear sense on either side of 
the lithons. 

The timing of Da relative to the intrusion of the plutons in the area, is uncertain because the 
plutons commonly have only weakly developed fabrics. However, pegmatite and/or aplite dikes 
that intrude the Cedar Lake Pluton and Cedar Creek Stock, and in some cases, the country rocks, 
were locally observed to be: truncated at the country rock-granitoid contact, with some evidence 
of ductile deformation in the dike at the contact (e.g., STOP 6: Muir 1991), or dismembered by 
dextral shear in the less competent country rock schists (Plate 6a); ductilely deformed 
(mylonitized) (Plate 4e); or dextrally and ductilely offset, across a mafic xenolith within the 
granitoid body. These relationships establish that Do deformation post-dated consolidation of 
the plutons and subsequent dike emplacement (see U-Pb geochronology section). A less well 
established case results from generalized orientations of dikes in the margin of the Cedar Lake 
Pluton (see STOP 6: Muir 1991). As one approaches the contact from within the pluton, the 
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orientations appear to have been rotated clockwise through about 30° to 40° suggesting ductile 
deformation at least up to several tens of metres within the margin of the pluton. 

Initially, during this study, the S? fabric appeared to be associated with a period of dextral shear 
(e.g., see Hugon 1986; Muir 1991). However, some of the crenulation fabrics and accompanying 
F3 folds appear to be superposed on phyllonitic(?) fabrics, possibly as a result of progressive 
deformation. Where associated with high-strain zones, the S3 fabric is interpreted to consist of 
planes that correspond to s-c-c' fabrics (shear zone terminology), here denoted as S ^ , S^-, and 
§3C». In this report, the term "S 3 fabric" refers to the flattening fabric of the developing snear 
system (i.e., S3 S), unless stated more specifically. This general approach appears to explain a 
number of larger-scale aspects throughout the map area, but it is not adequate to explain smaller-
scale features within and outside of the map area. An alternative scenario to explain the 
structural complexities is presented in the Discussion section. 

Linear Elements 

The lineations associated with D3 include: east-northeast- to east-southeast-plunging F3-fold 
axes (L^) (discussed under F3 folds) and crenulation lineations (L^) ; subhorizontal and east-
plunging mineral lineations (L^a); lineations defined by pressure snadows about garnet 
porphyroblasts (L03); quartz rods (L r3); and subhorizontal slickensides (LS3). Some of these 
lineations are depicted in Figure 8. 

Crenulation lineations (L^) are generally parallel to F3 fold axes (L^) except in fissile, high-
strain zones, such as the Hemlo fault zone. In these zones, there is considerable variability in 
L c 3 orientation, from horizontal, to northwest and northeast plunging. 

Mineral lineations (Lm$) also tend to be oriented similarly to L^ . Where F3 axes have a 
shallow plunge, such as south of the Hemlo fault zone, well-defined amphibole lineations, 
interpreted to be L m 3 , also have a shallow plunge and a similar trend. In one case, in what is 
interpreted to be folded F2 folds in pelitic metasedimentary rocks (Highway 17, southwest of 
David Bell Mine), anthopnyllite is aligned parallel to a northeast-plunging axis, but not parallel 
to a northwest-plunging axis. Elsewhere, some apparent mineral lineations are defined by what 
have been interpreted to be oriented, retrograded porphyroblasts, possibly andalusite (see section 
on Metamorphism). The lineations of these features are essentially parallel to nearby F3 axes. 

Pressure shadows about garnets are rare and have been measured as a type of lineation. Such 
lineations were found within the area of the Back 40s outcrops on the north half of the Williams 
property, where the pressure shadow is subhorizontal towards the southeast. Pressure shadow 
lineations also occur on the north side of Highway 17 near the west end of "Fault" Lake where 
the lineations plunge moderately shallow to the northeast to east-northeast These lineations are 
crudely parallel to nearby F3 axes. 

Quartz rods are closely associated, spatially, with some boudin necks and some F3 folds, and/or 
dextrally displaced zones of failure of relatively competent layers or dikes. The rods are roughly 
parallel to F^fold axes. Necks about failed layers and dikes appear to be parallel to the 
concomitantly fold development between boudins. Locally, the configuration of the boudin 
tips and the over-rotated limb of F3 folds suggests that boudinage (i.e., extension) was 
contemporaneous with D2, and the rocks subsequently were subjected to shortening 
accompanied by folding and backrotation of boudins during D3 (Figures 11 and 12). 

Within the Hemlo fault zone, strain has produced lozenges of country rock schists and granitoid 
dikes. The dikes display boudinage and/or shear fabrics in 2 dimensions as indicated by a roll, 
pinch, and swell configuration. The long axes of the lozenges and boudins display considerable 
variation in orientation within the plane of the predominant schistosity. 
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A variety of horizontal, subhorizontal, and moderately plunging slickensides occur on many 
planes. Slickensides may have developed at several stages and that some may be of Proterozoic 
age. However, in several cases, where both slickensides and quartz rods were present in the 
same outcrop, the angular relationship between them is consistent as follows: where slickensides 
are horizontal, quartz rods plunge to the east (as at the entrance to the David Bell Mine); and 
where slickensides plunge towards the northwest (as in the Hemlo fault zone), quartz rods are 
subhorizontal. This could indicate that they have been commonly folded, although it is 
recognized that these occurrences may be within different structural zones that differ somewhat 
in kinematic histories. Slickensides on well developed planes of schistosity tend to be horizontal 
to subhorizontal. The slickensides may occur on planes on which moderately steep north-
northwest plunging L m 2 is present Elsewhere, such as in the quartz-feldspar-porphyritic 
complex, particularly within the C Zone of the Williams property, most fracture planes 
separating blocks of porphyry show some slickenside development involving minerals such as 
chlorite, biotite, epidote, and carbonate. 

In some rock types (e.g., gneissic amphibolite), elongate minerals are oriented parallel to the 
slickensides. Although lineations in parts of the map area are generally subhorizontal, they tend 
to plunge toward the southeast near the Cedar Lake Pluton, and toward the northwest in the 
Hemlo Fault In some outcrops, Sj -parallel slickensides plunge both southeast and northwest 
On the road to the Golden Giant tailings pond, northwest of Cedar Creek, Sj-parallel quartz-
feldspar veins were pulled apart into lozenge-shaped, "chocolate-block" boudins, with 
subhorizontal, Sj-parallel slickensides bisecting the acute angle. This feature could be the result 
of significant flattening. 

Fault Breccias, Cataclasite, and Pseudotachylite 

Widespread, locally developed, generally layer-parallel, brittle-ductile and brittle faults appear to 
be concomitant with, and overprint, F3 folds. This faulting has locally produced fault breccias, 
cataclasites (bedding-parallel breccias of Muir 1985b and layer-parallel breccias of Muir and 
Elliott 1987) and stringers of what appear to be pseudotachylite (Hugon 1984; Muir 1985b, Muir 
1991). The term pseudotachylite, as used in this report, has been restricted to those vein-like 
features which appear initially to have been glass. Pseudotachylite is relatively rare. In many 
other cases, similar-looking, very dark to light grey material lacking such features is more aptly 
termed pseudotachylite-like. Locally, cataclasite and pseudotachylite appear to have been 
associated with dextral shear. Detailed observations from the Golden Sceptre property suggest 
that the cataclasites and pseudotachylite tended to form in zones, which may have a large-scale, 
regular spacing (see Detailed Work; Golden Sceptre property trenches). 

The faults commonly cut across layering at a low angle, counterclockwise to layering. Some of 
these features appear to be "ramp" like. Curvatures of the leading edge of the ramp are locally 
consistent with shortening, as in a compressional detachment fault, or extension, as in an 
extensional decollement fault (e.g., Ramsey and Huber 1987, p.518). A variation of a ramp-like 
feature is shown in Figure 17. The crosscutting zone of the ramp is generally <1 m long and 
"asymptotically" disappears in either direction by becoming layer-parallel. Structurally above 
and below the crosscutting feature, within several or tens of centimetres, there is no evidence of 
any displacement or "ramping" of the layering. The cross-cutting zone is commonly a locus for 
D3 related "Z"-shaped folds. In many cases, these features show what appear to represent either 
some F3 folding prior to failure and/or failure with some drag folding. This gives the 
appearance of partial ductile warping of layering with "sudden" failure to produce what may be 
termed, colloquially, "snap" folds. So-called "snap" folds occur into the margins of the Cedar 
Lake Pluton, constraining a relative timing for consolidated granitoid rocks and D3-related 
strain. 
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Much less commonly, discontinuities cut at a low angle clockwise to layering. Accompanying 
ductile warping of layers suggests that displacement was sinistral, which may make these 
features D2 structural elements. 

Cataclasite and pseudotachylite are widespread, having been observed in most pre-diabase 
Archean rock types, from feldspathic wacke at the previously exposed grouted dam footings at 
the Golden Giant Mine tailings pond, to the gneissic amphibolite within 50 m of the Pukaskwa 
Gneissic Complex. Moderately to strongly schistose rocks within parts of the QFPC also record 
predominant-fabric-parallel breccias and, rarely, possible fault gouge. Cataclasite and 
pseudotachylite are most common in feldspathic metasedimentary rocks, possibly as a result of 
the greater competency and abundance of these units: they were not noted in pelitic units. A 
brecciated diabase dike was noted in 1 outcrop, but the style of brecciation was equivocal. 

Cataclasite and pseudotachylite occur in both unsheared and mylonitized hanging wall and 
footwall rocks as zones subparallel or parallel to bedding. Cataclasite ranges from as thick as 1.5 
m, to thin (hairline) zones, whereas pseudotachylite is generally restricted to thicknesses less 
than 5 mm. One boundary of the breccia zone commonly lies consistently along one layer for 
distances of a few to several metres at least, whereas the other side cuts erratically back and forth 
across layering, creating highly variable thicknesses along strike. Where breccia thickness is 
less than several millimetres, the material is commonly pseudotachylite or pseudotachylite like 
(ultracataclasite). 

The cataclasites are composed of fine- to coarse-grained, angular to subangular fragments 
consisting mostly of non-exotic fragments (Plate 6b). The fragments range from millimetres to 
centimetres in size, and occur in a matrix that is very fine grained and indurated. The 
distribution by size and closeness of packing of fragments is quite variable, from place to place, 
indicating an inhomogeneous mixing of brecciated products during faulting. The matrix 
probably consists of comminuted country rock, but some matrixes consist wholly, or in part, of 
an apparently monomineralic, aphanitic, buff-weathering mineral(s), or epidote. In several 
cases, an unidentified type of alteration has occurred within the breccia zone and affected the 
fragments and wall rock (Plate 6b). During staining of the breccias for potassium feldspar, some 
of the matrixes became yellow; in thin section, no potassium feldspar was identified in the very-
fine-grained matrix. Some matrixes contain prehnite. 

Pseudotachylite ranges from very dark to light grey and locally displays vesicular/amygdaloidal 
features (e.g., STOP 18: Muir 1991) and possible devitrification features (e.g., line 64+00W on 
the Golden Sceptre property: Figure 23B). This suggests an originally glassy state. Flow 
layering is weakly to well developed in many ultracataclasite and pseudotachylite veinlets. 

Cataclasites are commonly parallel to zones of layer-parallel, dextral displacement. The 
cataclasites rarely reveal a sense of displacement but, where this can be determined, it is dextral. 
Rarely, the matrix of the breccia is micaceous, and contains dextral shear bands and s-c fabrics. 
An example of this texture occurs between the Golden Giant Mine compound and Cedar Creek 
where this feature has been overprinted by pseudotachylite. Rarely there is a faint fabric in the 
matrix which appears to be similar in orientation to that of the adjacent S3 fabric in the country 
rock. Clasts do not appear to have undergone ductile strain. 

The breccias denote displacements of unknown magnitude on numerous fault planes. On 
Highway 17, south of Moose Lake, a felsic dike is offset with an apparent dextral sense along a 
layer-parallel breccia mat has a stringer core of pseudotachylite. The breccia and stringer appear 
to terminate in a dextral F3-type fold, suggesting that some brittle faulting may have been 
contemporaneous with F3 folding. In the same outcrop, a "Z"-shaped F3 fold is truncated by a 
pseudotachylite stringer, which therefore postdates F3 folding. East of the Golden Giant Mine, 
stringers of pseudotachylite crosscut the matrix of a layer-parallel breccia. 
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Brittle faulting, brecciation, and the formation of pseudotachylite stringers, are interpreted to 
have occurred during the late and waning stages of Dj-related dextral shear. The cataclasite and 
pseudotachylite formed during a relatively late stage of D3 as the fragments have not been 
ductilely deformed and there is only locally a faint fabric. In a few instances, ultracataclasite 
and pseudotachylite have been slightly ductilely deformed. 

There is evidence of 2 or more cataclasite- and pseudotachylite-forming events within some 
outcrops. This activity may have been pre-(?), syn-, and/or post- the later stages of D3. One thin 
section revealed cataclasite cut by ultracataclasite cut by a pseudotachylite-like material. 
Another thin section contains: 1) fragments of country rock lying within what appears to be vein
like prehnite, within a zone of cataclasite; and 2) fragments of prehnite contained within 
ultracataclasite. 

Layer-parallel cataclasites and ultracataclasites also were noted at the west end of the Schreiber— 
Hemlo greenstone belt in the vicinity of the Winston Lake Mine. The breccias are within 
feldspathic metasedimentary rocks which display tectonometamorphic layering and locally 
pronounced cleavage . This suggests that this style of deformation, both pre-faulting and, in 
particular, syn-faulting, and possibly the style of metamorphism, were common to the belt as a 
whole. 

Fourth Generation Structures: D 4 

Fourth generation structures consist of kink folds and conjugate folds, as well as some fracture 
and fault sets. The relatively late fractures and faults do not reveal a simple strain scenario and 
thus, may belong to different sets that were produced under different conditions. 

Kink Folds 

Fourth-generation structures include kink bands of both "Z" and "S" asymmetry. Kink axes 
plunge moderately steeply to the north and north-northeast. Kink bands strike generally 
northwest to northeast. Apparent conjugate sets and, in one case, a conjugate fold, have been 
observed, for example, by Highway 17, south of Moose Lake. Kink bands are spatially 
associated with and appear to deform some layer-parallel breccias. Northwest-to north-
northwest-striking kink bands display a sinistral sense of movement, and most northeast-striking 
kink bands display a dextral sense. If some of the kink folds represent conjugate sets, the obtuse 
angles between the 2 orientations indicates, simplistically, a north-directed extension. This 
possibly resulted from a relaxation following north- to northwest-directed shortening. 

Faults and Fractures 

Small-scale, small-displacement faults, which come under the category of F4 structures, have 
millimetre- to centimetre-scale, dextral and sinistral offsets. Offsets die out along the length of 
the faults, which typically range from 1 to several metres long. The faults locally crosscut layer-
parallel breccias. Some of the faults have numerous ladder fracture dilational zones which may 
be filled with feldspar and/or calcite. In other cases, the multiple "rungs" of the ladder have no 
central fault but appear more akin to en echelon fracture fillings (Figure 18). Senses of 
movement associated with locally observed sets of faults gives contradictory brittle failure stress 
direction information (Figure 18). Some brittle fracture sets, which appear to be conjugate sets, 
indicate a north-south directed shortening. Overall, it appears that noitt-northwest-striking 
faults display a sinistral sense of movement which is consistent with the sense of displacement 
inferred with the conjugate folds. 
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Apparent offsets along some diabase dikes indicate relatively late stage crustal movement, 
possibly Proterozoic in age. This stage of faulting is likely post-D^ (labelled as D5 in Figure 
40), but is discussed in this section for simplicity. Relatively late sinistral displacement on the 
Cedar Creek fault suggests reactivation along an earlier structure. Indications of this 
displacement were noted only at the Williams property polishing pond area, north-northeast of 
Moose Lake, where excavation uncovered a sharply defined offset of the diabase dike. There 
was considerable fracturing (oriented 305/62) within the diabase dike and the country rocks at 
this point Other evidence for relatively late dextral displacement, along a lineament that is 
located about 150 m south of "Camp" Lake, is indicated by outcrop distribution and airborne 
aeromagnetic results (Aerodat Limited, in Canadian Mining Journal, January 1986, p. 19). On 
some diabase fracture surfaces exposed on Highway 17, subhorizontal, east-west trending 
slickensides are present These slickensides demonstrate post-diabase movement The lack of 
apparent displacement of the diabase dike projected across the highway suggests that this type of 
slickenside, found commonly on many layer-parallel or subparallel surfaces, does not necessarily 
indicate significant movement. 

An uncommon breccia involving at least 2 stages of brecciation with epidotization and 
hematization was noted in one outcrop on Highway 17 adjacent the Hemlo fault zone (Plate 6c; 
STOP 25A, outctop "b": Muir 1991). The north-striking breccia has not been ductilely 
deformed, affects gneissic feldspathic rocks, but apparently not the immediately structurally 
underlying phyllonite of the Hemlo fault zone. Whether this indicates relatively late movement 
along this zone is unclear. Repeated brecciation involving hematite, epidote, and calcite 
occurred in rocks in a gravel pit, north of Highway 17, about 750 m west of "Fault" Lake. This 
brecciation may have been related to an east-southeast-striking fault extending from Botham 
Lake. 

Major Fault Zones 

There are many zones of high strain, both brittle and ductile, in the Hemlo gold deposit area: 
some are mineralized, but many are not. Some of the high strain zones are referred to in the 
assessment files from the 1950s and others have been recognized from work since 1977. Three 
such zones, all essentially layer-parallel structures, are treated separately in this report because of 
the apparent large scale of the structure or a significance relative to the Hemlo gold deposit: the 
Hemlo fault zone, the Lake Superior shear zone, and the Cedar Creek fault zone. A fourth 
structure south of the Hemlo fault zone, which appears to offset some diabase dikes south of 
"Camp" Lake is not dealt with because of a lack of information. 

Given that polyphase deformation has been documented for the Hemlo area, it is possible that 
some of the fault zones have had a complex structural history. Therefore, these zones have not 
been included under any specific generation of structure. 

Hemlo Fault Zone 

The Hemlo fault zone is perhaps the predominant fault structure in the map area and possibly in 
the greenstone belt as a whole. It has been interpreted, tentatively and speculatively, as forming 
the boundary between 2 juxtaposed assemblages; the Hemlo-Black River assemblage to the 
north (ca. 2.77 Ga) and the Heron Bay assemblage to the south (ca. 2.70 Ga) (Williams et al. 
1991). The Hemlo fault zone is parallel to the general strike of the greenstone belt and, within 
the Hemlo gold deposit area, west of Moose Lake, is very close to Highway 17. The topography 
of some of the outcrops in the highway right-of-way suggests that the highway follows an 
existing lineament for part of its length. 

An ill-constrained zone of high strain spatially associated with the Hemlo fault suggests that the 
structure is more aptly described as a zone (Muir et al. 1988). Mafic/ultramafic phyllonites 
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within what may be described as the Hemlo fault proper, demonstrate that concentrated strain 
occurred in narrow zones. Adjacent gneissic feldspathic metasedimentary rocks and gneissic 
amphibolite, have both been mylonitized, providing additional evidence of high strain. 

The most obvious structural features in the Hemlo fault zone appear to be consistent with dextral 
shear during Do (see section on Detailed Work: Hemlo fault zone; STOPS 25 and 26; Muir 
1991; Muir ana Elliott 1987; Hugon 1986). However, there is some equivocal evidence that the 
Hemlo fault zone may have been a high strain zone formed during, or before, D2, possibly under 
conditions of sinistral shear (Muir and Elliott 1987). 

The Hemlo fault zone is spatially associated with variably schistose rocks that are interpreted to 
be mafic/ultramafic dikes. In addition, many outcrops also reveal 2 to 4 other types of dikes of 
felsic to intermediate composition. A dike swarm of plagioclase-phyric felsic dikes intrudes 
both the gneissic amphibolite and the structurally overlying gneissic feldspathic rocks. Locally, 
some of the dikes appear to be altered and are rather sodic (Tables 4A and 4B). Very coarse
grained to medium-grained tourmaline clots are locally common in the mafic/ultramafic 
phyllonites and in gneissic amphibolite. 

There is no detectable offset of diabase dikes across the Hemlo fault zone. 

Lake Superior Shear Zone 

The Lake Superior shear zone coincides with the Main Mineralized zone of the Hemlo gold 
deposit This high-strain zone is indicated by transposed layering and, locally, evidence of 
dextral ductile shear fabrics. However, in the map area, the Lake Superior shear zonen is poorly 
constrained both in thickness and length. To the southeast there is a lack of exposure. To the 
northwest, an inflection in the strike of the greenstone belt as well as several zones of high strain, 
revealed in the trenches on the Golden Sceptre property, preclude a clear delineation of location 
and western extent of the zone. 

Cedar Creek Fault Zone 

The Cedar Creek fault zone is largely inferred from the configuration of units about the nose of 
the Williams fold, and by the offset of a diabase dike just northeast of Moose Lake. In addition, 
the Barren sulphide zone lies on strike with the inferred fault and is considered to be within the 
same fault. Deflection of fabrics within the Barren sulphide zone suggest that the fabrics 
developed, in part, during a stage of ductile dextral shear (D3). The diabase dike offset, 
however, indicates a relatively late sinistral sense movement Apparently, the history of 
movement along this fault zone is not simple (c.f., Hemlo fault zone). Insufficient information is 
available regarding the possible history of movement prior to D3. 

Metamorphism 

This study was not designed to evaluate the detailed metamorphic history of the map area. 
Information gathered that is related to metamorphism was limited to the documentation of 
specific metamorphic-indicator minerals (e.g., garnet, staurolite, aluminosilicates), and the 
relationships between these minerals and different generations of structural fabrics, intrusions, or 
alteration minerals. 

In addition, it is not feasible to completely separate regional metamorphic minerals and 
alteration minerals, particularly given mat much of the map area is within, or adjacent to, the 
alteration halo developed about the Hemlo gold deposit There is evidence of more than one 
metamorphic event more than one generation of strain, and a complex history of alteration. 
Hence, the careful documentation of many features in an outcrop becomes of paramount 
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importance to determine, correctly, the order and relationship of all events, not just metamorphic 
events. 

In this section, the effects of metamorphic recrystallization on the interpretation of top directions 
are discussed. Salient features and textural relationships between specific species of 
metamorphic minerals are summarized. 

Effects of Metamorphic Recrystallization 

All rocks mat predate diabase dikes are metamorphosed to mid-amphibolite facies and thus, 
recrystallized to some degree. The degree of recrystallization due to metamorphism and 
deformation influenced the certainty with which primary features were identified. Coarse clastic 
metasedimentary rocks pose little problem where they are relatively undeformed. However, 
problems were noted locally with metawackes and some meta-arenites. 

Metamorphic recrystallization induced grain-size reversals within some units. In some cases, 
where reasonably good control for top determinations was possible, coarser-grained feldspar, 
along with coarser-grained biotite and/or amphibole, defines what appears to be the upper part of 
some units, suggesting that the feldspar crystals are metamorphic in origin. This feature appears 
to be prevalent in fold noses. The interpretation of younging directions, from outcrop to outcrop, 
was based on assuming normal grading, an assumption that may not be valid. The above 
observations reduce the reliability of top determinations in some of the rocks and, as such, only 
the best developed examples are indicated on the map. Equivocal examples are modified by a 

Salient Features of Selected Metamorphic Minerals 

Garnet ± Staurolite 

Garnet ± staurolite were identified in several "units", north and south of the Hemlo fault zone. 
South of this fault zone, garnet- and staurolite-bearing rocks are restricted to some outcrops on 
the south shore of "Fault" Lake or along the CP Railway tracks, as well as in outcrops to the 
west-northwest and east-southeast of "Camp" Lake. 

North of the Hemlo fault zone, staurolite is found within: a tectonically thickened unit in the 
nose of the Williams fold, north of the Williams Mine main headframe; the nose of the same fold 
at the Williams property polishing pond (between Moose Lake and Cedar Creek); rocks 
southeast of Botham Lake, just north of Highway 17; locally in the Heritage West outcrop 
(Williams property; STOP 33b: Muir 1991); the C Zone area (Williams property); and 3 "units" 
along Highway 17 in the vicinity of the David Bell Mine, where crystals are locally up to 2.5 cm 
long (see STOPs 10,13, and 17: Muir 1991). 

In the Heritage West outcrop (Williams property), in the nose of the northernmost fold, staurolite 
occurs within grey-weathering "panels" separated by closely spaced S2 cleavage planes along 
which white or light-grey-weathering alteration (bleaching) has occurred. 

In the C Zone area, about 140 m east-northeast of the C Zone west outcrop (see Lithologic map), 
staurolite crystals appear to be oriented parallel to the S3 fabric where S j and S2 also can be 
recognized. What appears to be staurolite, without garnet, is also present within broad zones of 
feldspathization. Garnet occurs outside of these zones of feldspathization. In both the Heritage 
and C Zone area outcrops, relationships between relative age of porphyroblast growth, fabric 
growth, and alteration are unclear. 
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One outcrop along Highway 17 consists of folded (F2 or Fj?) metapelitic rocks that contain 
garnet, staurolite, sillimanite as fibrolite, and possibly one other type of metacryst (STOP 17: 
Muir 1991). Here, some of the garnet and staurolite crystals appear to overgrow the So cleavage 
(Figure 19). Locally, staurolite crystals, up to 15 mm long, lie parallel to S3, and possibly 
parallel to Ljj 3 (i.e., plunging to the east-northeast). Fine- to coarse-grained, euhedral to 
subhedral staurolite metacrysts are observed with entrained, modified Sj layering (Figure 19). 
The layering which is also found outside of the porphyroblasts and defines F2 folds, is straight in 
some crystals, whereas it is wavy or deformed outside of the crystals. The angle of the layering 
within the crystals relative to the rock matrix suggests that the staurolite grew passively syn- to 
post-S2, and was rotated clockwise during D3 dextral shear. 

In a few outcrops, 2 morphological and textural varieties of garnet or staurolite exist. In an 
outcrop just to die west of the northwest end of the Williams property polishing pond (between 
Moose Lake and Cedar Creek), garnet occurs as: 1) anhedral, poorly formed, highly 
poikiloblastic "crystals"; and 2) euhedral, weakly poikiloblastic crystals. Similar features are 
found also at the Back 40s outcrops, which are almost on strike with the polishing pond outcrop, 
where, in some cases, the 2 forms of garnet occur together with an irregular contact between 
them. Also at the Back 40s outcrops are 2 forms of staurolite: 1) earlier(?), orange-brown, 
retrograded, polycrystalline clusters consisting of staurolite, quartz, feldspar, and muscovite, 
aligned parallel to the Sy fabric; and 2) later(?), brown, suhedral crystals that appear to be 
unpreferentially oriented. 

Garnet and staurolite within pelitic metasedimentary rocks, located about 50 m north of Highway 
17, about 140 m east of Line 80+OOW (Golden Sceptre property), display entrained, curved 
inclusion trails. The trails in staurolite are too weak to characterize, but the trails in garnet are 
sigmoidal in a section oriented subhorizontally. It is not clear whether the porphyroblasts and 
internal textures represent rotational (i.e., syntectonic) or helicitic (i.e., post-tectonic) 
development (cf. Spry 1969). Based on the polyphase deformation in the rocks of the map area, 
the sigmoidal asymmetry reported above may be important. Hugon (1986) reported Z-shaped 
inclusion trails in garnet porphyroblasts. This was interpreted as syn-metamorphic clockwise 
rotation resulting from dextral shear. Photographs in Hugon (1986) show pressure shadows 
consistent with dextral shear, but the asymmetry of inclusion trails is not apparent and the 
possibility of a helicitic texture remains. The regional significance of the asymmetry of 
inclusion trails, therefore, is not readily assessable because of a lack of a sizable database. 

Garnet-bearing metapelitic rocks with what appears to be retrograded staurolite were noted 
outside of the map area, about 8.8 km west-northwest of Botham Lake (Muir 1982b). 

Anthophyllite/Cummingtonite 

Both orthorhombic (anthophyllite series) and monoclinic (cummingtonite series) amphibole 
occur in the map area, and in some cases, within the same outcrop. Most occurrences of either, 
or both, minerals are north of the Hemlo fault zone. Localities include: south-southwest of the 
Golden Giant Mine tailings pond at the contact between mafic metavolcanic rocks and 
feldspathic wacke; along Highway 17 near the David Bell Mine (STOP 13: Muir 1991); and the 
Back 40s outcrops on the Williams property. South of this zone, cummingtonite is found west of 
"Camp" Lake along the Williams Mine tailings/effluent road. 

Anthophyllite/cummingtonite occurs in metasedimentary rocks (interpreted to be pelite and 
wacke) at the curve on Highway 17 near the David Bell Mine (STOP 13: Muir 1991). Here, 
compositional layering (S j) controls the presence or absence of either mineral. Both minerals 
occur locally as preferentially or unpreferentially oriented crystals. Preferred orientations appear 
to be: subhorizontal and parallel to S3; and long axis parallel to deformed F2 fold axes. Some 
thin sections show both oriented and unoriented crystals in rocks with well oriented biotite. The 
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unoriented crystals, in many cases, are more likely to have undergone retrograde metamorphism 
to chlorite. Poikiloblastic cummingtonite is prevalent in some rocks. 

Cordierite 

In this study, cordierite was identified only at the curve in Highway 17 near the David Bell Mine 
(STOP 13: Muir 1991), although it has been reported also to the west-northwest (Muir 1982b) 
and east-southeast (Pan et al. 1991a) of the map area. Cordierite possibly occurs in 2 forms in 
the Highway 17 outcrop. The first form occurs as a few lenses that appear to be boudins. These 
lenses were observed in only one part of the relatively large, well-exposed outcrop, and consist 
of fresh, unrecrystallized cordierite. The second, tentatively inferred form, occurs as numerous 
lenses, from 0.5 cm up to several centimetres long, aligned parallel to S2, in specific layers of 
the folded metasedimentary rocks. The lenses are darker in colour than the matrix. Garnet is 
locally present within and outside of the lenses. Similar lenses in what is interpreted to be the 
same unit were noted at the north end of the stripped trench, about 550 m southeast of the eastern 
end of the main quartz-plagioclase-phyric unit (crossing the railway), and in exposures in a 
gravel pit, about 1150 m southeast from the trench. At the gravel pit, lenses are oriented 
counterclockwise to the layering, parallel to what may be an S2 or S3 fabric. 

In thin section, the lenses are ill-defined and consist of mostly fine-grained, locally poikiloblastic 
feldspar(?), and quartz. Within the lenses, there is very little biotite, relative to the matrix, and 
there tends to be scattered, very fine-grained, anhedral, pale yellow crystals (staurolite?). 
Foliation trajectories in thin sections, defined mostly by biotite, tend to deflect around the 
perimeter of the lenses. The lenses are very tentatively considered to be retrograded cordierite 
(H. Poulsen, Geological Survey of Canada, personal communication, 1985; S. Jackson, Ontario 
Geological Survey, personal communication, 1990). 

What may be cordierite "eyes" were noted in an outcrop along the powerline, about 1.15 km 
north of the west end of "Fault" Lake. Here, <1 mm to 2.5 mm, angular, possibly dipyramidal, 
crystals of a clear, vitreous-looking mineral lie within feldspathic wacke. The crystals, which 
are individually surrounded by rusty-weathering material, are within the nose of an east-striking 
F2 fold and are graded by size from fine (west) to coarse (east). The crystals do not appear to be 
phenoclasts, rather they appear to be porphyroblasts. However, they were not sampled for 
identification, and may be a form of unusually clear quartz crystals. 

Aluminosilicates 

Sillimanite occurs as fibrolite and was observed in 2 outcrops along Highway 17 (STOPs 13 and 
17: Muir 1991; Burk et al. 1986). At STOP 17, fibrolite occurs in sigmoidally-shaped, splaying 
clusters, commonly adjacent to, and locally deformed around, staurolite porpohyroblasts. At 
both localities, the fibrolite is oriented parallel to S3. Sillimanite has been reported in the 
hanging wall rocks of the Hemlo gold deposit (Kuhns et al.1986; Kuhns 1986). 

Fibrolite-bearing metapelitic rocks with poikiloblastic andalusite and possibly completely 
retrograded cordierite were noted outside of the map area, about 10.5 km west-northwest of 
Botham Lake (Muir 1982b). 

Kyanite was equivocally identified, in this study, in pelitic metasedimentary rocks (STOP 13: 
Muir 1991). However, kyanite has been reported by Burk et al. (1986), Kuhns et al. (1986), and 
Walford, Stephens et al. (1986), in their investigations, in rocks structurally above the Hemlo 
gold deposit. Pan et al. (1991a) report kyanite in metasedimentary rocks to the east-southeast of 
the map area. 
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Light-weathering lenses occur locally in feldspathic wacke, such as at the David Bell Mine 
tumoff (STOP 10: Muir 1991) and the intersection of the Golden Giant Mine tailings road and 
the powerline (about 1.35 km northwest of the Golden Giant Mine headframe) (Plate 6d). These 
dimensionally elongate, tabular to crudely oval lenses are interpreted to be retrograded 
porphyroblasts, possibly andalusite, based crudely on apparent morphology. 

In thin section, however, there is no remnant andalusite in the lenses. The lenses are ill-defined 
and consist of fine-grained feldspar ± quartz, and carbonate, which is absent outside of the 
lenses. The lenses lack mafic minerals. The lenses are aligned parallel to S3, with no 
disturbance to the S2 and Sj fabrics, and to Lf3 structural elements where this can be 
determined. If the lenses were indeed porphyroblasts, particularly andalusite, then a relatively 
large-scale, possibly regional, metamorphic event contemporaneous with D3 could be inferred. 

Kyanite and andalusite occur in quartz pods and rods (see "Quartz pods and rods, and associated 
minerals" subsection under "Hemlo gold deposit-related alteration"). 

Chloritoid 

Chloritoid was not noted in this study, but has been reported by Kuhns et al. (1986) in rocks 
structurally above the Hemlo gold deposit 

Microcline 

Microcline forms a poikiloblastic mineral phase in some sheared, sericite schists that occur 
within the alteration halo of the Hemlo gold deposit The microcline poikiloblasts occur in the 
Heritage East outcrop and the Williams A Zone pit area. In some cases, the microcline occurs in 
fine-grained, polycrystalline clusters with quartz and muscovite. Antisigmoidal inclusion trails 
within microcline poikiloblasts were noted in one case. Anastomosing fabrics enclosing the 
poikiloblasts yield equivocal kinematic evidence. 

Muscovite 

Unpreferentially oriented muscovite crystals and/or poikiloblasts, up to 2 mm across, occur in 
rocks over an area that is broader than the alteration halo of the Hemlo gold deposit. The 
poikiloblasts appear to be most conspicuous locally within dikes of felsic to intermediate 
composition, including dikes within and outside of the deposit area. In some cases, felsic dikes 
contain poikiloblasts, but the adjacent felsic country rock does not In other cases, the 
poikiloblasts occur in well-foliated metasedimentary rocks and schistose rocks of the quartz-
feldspar-porphyritic complex (QFPC). 

Because the crystals and poikiloblasts occur, in part, in rocks which are well away from the 
Hemlo gold deposit and which do not appear to be altered, it appears that they may be a product 
of metamorphism at medium grade. The local occurrence of poikiloblasts in dikes and not the 
country rock suggests specific conditions for development are involved. The lack of preferred 
orientation suggests that the event responsible for the growth of this muscovite, post-dated D3. 

Alteration and Mineralization 

One of the greatest difficulties in this study was distinguishing between unaltered and altered 
rocks, between alteration directiy associated with the Hemlo gold deposit and alteration from 
other events (e.g., intrusions, metamorphism), and between relative ages of types of alteration. It 
is beyond the scope of mis study to fully address all of these issues, hence only general salient 
points about the various types of alteration are presented. 
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Identification of Alteration 

Feldspathic metasedimentary rocks are similar in appearance to feldspathized metasedimentary 
rocks, be they originally feldspathic or a product of alteration. Metasedimentary rocks 
containing appreciable biotite are difficult to distinguish from those rocks with "added" 
hydrothermal biotite. It can be expected that sericitiztion is not everywhere clearly genetically 
associated with Hemlo-deposit-related alteration as sericite-rich rocks occur in many parts of 
many greenstone belts. 

Given that the map area includes a variety of rocks that are outside of the area of pervasive 
alteration spatially associated with the Hemlo gold deposit, it was possible to attempt to ascertain 
the type of protolith of some of the rocks with reasonable confidence by extrapolating into the 
area of alteration. However, this difficult task is subject to interpretation, given the similarity 
between feldspathic metasedimentary rocks and feldspathized metasedimentary rocks. Within 
the limits of pervasive alteration spatially associated with the Hemlo gold deposit, the variously 
intense alteration in proximity to the deposit and the structural complexity both preclude exact 
correlations from one place to another. 

In several places shown on the lithologic map there are contact relationships between feldspathic 
metasedimentary rocks and immature metasedimentary rocks that appear to be unusual, such as 
in the vicinity of the Williams Mine. Notwithstanding expected structural complexities, there is 
a distinct possibility, in some cases, that the position and configuration of the interpreted 
contacts is the result of imprecise identification of unaltered and altered protoliths. Given the 
above dilemmas, considerable subjectivity was utilized in the placement of contacts. 

In most cases, judgements were made in the field as to the type of alteration present. However, 
as an aid to the field mapping, a relatively large number of samples was slabbed and stained to 
identify potassium feldspar, thin-sectioned for mineralogical and textural relationships, and/or 
analysed for whole rock geochemistry. Nonetheless, considerable generalizations are noted in 
this report on the distribution and character of the various types of alteration. The 
petrochemistry was not undertaken as an exhaustive study, rather as a preliminary additional tool 
and data base to supplement field observations and limited petrographic analysis. 

Hemlo-Deposit-Related Alteration 

In many cases, there is no clear demonstrable linkage between a given type of alteration and the 
mineralization associated with what is known as the Hemlo gold deposit Therefore, to avoid 
multiple classifications of alteration related to different interpreted events throughout time, the 
types of alteration discussed under this heading are either prevalent within the large alteration 
halo spatially associated with the Hemlo gold deposit, or in zones external to the deposit 
Several of these "external" zones were noted, particularly in stripped trenches on the Golden 
Sceptre property, up to several hundred metres from the main part of the deposit. 

Feldspathization 

The most representative type of alteration at the Hemlo gold deposit is feldspathization. Two 
types of feldspathization have occurred, microclinization and albitization. The former is more 
prevalent and important because it is spatially associated with economic concentrations of gold. 
It was not possible to consistently distinguish between the 2 types in the field, as the results of 
staining for potassium feldspar subsequently showed. However, sodic alteration tends to 
weather more recessively or punky. 

Most feldspathization has occurred north of the Hemlo fault zone, and is spatially, if not 
genetically, associated with the Hemlo gold deposit There are at least 3 exceptions: 
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-feldspathic rock with pyrite and anomalous molybdenite (Large F3 fold, Figure 39; 
STOP 29: Muir 1991) (location of Hemlo fault zone not well constrained here); 
-sericite-pyrite-bearing feldspathic quartz crystal arenite, locally with green mica, about 
300 m northeast of "Molson Light" Lake, that superficially resembles quartz crystal 
arenite that occurs next to the Barren sulphide zone on Highway 17 southwest of the 
David Bell Mine (i.e., STOP 15; Muir 1991); and 
-feldspathic arenite, on the road leading to the northwest end of "Molson Light" Lake, 
with a superficial resemblance to some altered rocks in the north part of the Williams 
property C Zone. 

Several examples of what appears to be feldspathized rock are present in rocks generally either 
"on strike" to the west of the Hemlo gold deposit or south or southwest of it: 

-south of Botham Lake on a diamond drill road, in metasedimentary rocks; 
-structurally above and below the northern contact of the pillowed mafic metavolcanic 
rocks, from east of Botham Lake to Line 48+00W; 
-on Line 48+00W, "on strike" from the North Zone, in feldspathic metasedimentary 
rocks; 
-on Line 48+00W, north of the Botham Stock, in feldspathic metasedimentary rocks; 
-between Lines 28+OOW and 48+00W on a diamond drill road, about 275 m north of 
Highway 17 in quartz-plagioclase-phyric fragmental rocks and coarse clastic feldspathic 
metasedimentary rocks; 
-on Line 104+00W, just northwest of Botham Lake, in pillowed, mafic metavolcanic 
rocks (completely "bleached"), and metasedimentary(?) rocks. 

Some possible examples of feldspathization occur in 2, very poorly exposed, roughly 
conformable, 75 m wide "zones". The limits of these zones lie about 300 to 360 m, and 525 to 
600 m north of the David Bell Mine respectively. 

There are many examples of relatively small-scale bleaching of mafic minerals, giving the 
appearance of light-coloured alteration. This alteration is fracture(?)-controlled or occurs as rims 
around clasts in some conglomerates (e.g., Williams polishing pond). One notable case of such 
alteration involves the first hanging wall unit of feldspathic arenite, structurally above the Hemlo 
gold deposit, as exposed on Highway 17 (STOP 18: Muir 1991). Here, subtle alteration on 
fractures has coalesced and includes much of the outcrop. 

This "bleaching" type of alteration was generally assumed to be feldspathization (e.g., see Muir 
and Elliott 1987). However, this relationship should be tested more rigorously because of 
potentially important structural relationships, such as "bleached" veinlets that appear to be folded 
by Fo (e.g., Heritage west outcrop: Muir and Elliott 1987). Some of the fracture-controlled 
veinlets, which are preferentially oriented, contain quartz. 

The degree to which dikes have been feldspathized is problematic. Essentially all of the Archean 
dikes are foliated. In the ore zones, and in non-ore grade altered rocks, the dikes appear to 
extend across highly deformed and altered rocks. However, the dikes do not appear to be highly 
strained or intensely altered. Although many of the dikes in the ore zones carry anomalous 
values of barium, mercury, antimony, and gold, the gold occupies relatively late fractures and is 
not present in economic concentrations. In other cases, though, such as on the Golden Sceptre 
property, some of the most felsic dike swarms occur within feldspathic and feldspathized rocks, 
suggesting the dikes may have undergone at least some alteration. An attempt to confirm this 
with petrographic analyses was, however, unsuccessful. 

Microclinization 

The introduction of potassium has resulted in several types of alteration, the most common being 
microclinization. Microcline, as a product of alteration, occurs mostly in the eastern 80% of the 
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deposit. Quartz-feldspar-porphyritic rocks range from a few percent to over 90% microcline. 
Greater amounts of microcline are generally accompanied with notably less sericite, although 
microclinization and sericitization are commonly irregularly or intimately intermixed (e.g., C 
Zone east outcrop; Figure 26A). The microcline tends to be concentrated in well-defined to 
poorly defined, predominant-foliation-parallel "layersM or "lenses" (Plate 6e). Exceptions occur 
where alteration has proceeded to such an extent that these lenses have coalesced or where a 
spotty distribution of microcline was noted in some vein-like alteration that overprinted a 
pervasively feldspathized rock. In this latter case, it is possible that the microcline lenses are 
remnants of the earlier, pervasive, potassic alteration. 

In the more highly strained rocks displaying tectonometamorphic- enhanced layering and spaced 
cleavage with bounding symmetrical alteration, the "layers" and streaks of microcline appear to 
be overprinted by the cleavage and the cleavage-related alteration (see section on D2, planar 
elements). This suggests that, at least, this form of microclinization may have occurred before 
the development of the cleavage, whether it be some stage of S2 development or S3. 

The process of microclinization generally does not destroy the quartz phenocrysts, whereas 
plagioclase phenocrysts do tend to be destroyed. The microcline is commonly fresh looking in 
thin section suggesting that it has not undergone retrograde alteration or metamorphism. 
Microcline in these altered rocks, in particular, display crystal faces that meet with 
approximately 120° triple point junctions (Harris 1989). 

Albitization 

Albitization has been inferred from whole rock analyses of white-weathering rock that contains 
up to 12% NaoO (Tables 4A and 4B). Two habits of alteration have developed, pervasive and 
vein-like. Bom habits of albitization appear to be more prevalent in the western 20% of the 
Hemlo gold deposit. Albitization is pervasive in the North Zone and vicinity (Golden Sceptre 
property), but also occurs as vein-like alteration in the North Zone area, the C Zone East outcrop 
(Williams property), the Heritage outcrops, and the Williams A Zone pit area where local and 
irregular, fracture-controlled alteration occurs in the hanging wall. Pervasive albitization also 
extends well to the west, beyond surface-exposed gold mineralization (insofar as the writer is 
aware). 

The pervasive form of albitization is commonly spatially associated with some degree of 
biotitization or chloritization and produces a punky weathering rock that is very fine grained. 
Some of the altered rocks that were analyzed contain "normal" abundances of Na20 (i.e., 4.0% 
to 7.0% wt %~similar to unaltered rocks), but very low abundances of K2O (i.e., <0.4% wt %). 
This suggests that potassium depletion occurred rather than notable sodium enrichment. 

Much of the vein-like alteration appears to be the result of albitization. This alteration habit 
occurs along irregularly and regularly striking "veins" ranging from 0.5 m to a few metres long. 
These "veins" are conspicuous by their white weathering and relatively sharp boundaries. They 
commonly have a fracture or a thin schistose seam extending lengthwise along the "vein". The 
"veins" appear to have resulted from in situ replacement of minerals, not an actual fracture filling 
by minerals such as in a quartz ± carbonate vein. In some cases, faint remnant bedding or 
layering features can be discerned within the intensely feldspathized vein-like features (Plates 
10a and 10b). In the North Zone ore, the "veins" contain greenish muscovite and locally visible 
gold along a central fracture (see Kusins et al. 1991). 

The more regularly striking albite "veins" commonly are parallel to various structural features 
that can be measured in the same outcrop, such as fractures or S^, So, and/or S3, suggesting that 
their orientations are not fortuitous. The orientation of some "veins may be largely structurally 
controlled and syn- to post-development of S2. Vein-like alteration, which has been folded by 
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F3, was noted in some altered feldspathic metasedimentary rocks and mafic-intermediate dikes 
containing mafic xenoliths (North Zone, Golden Sceptre property). In one case, an alteration 
"vein", striking approximately parallel to So, is connected to a quartz pod containing epidote, 
kyanite, andalusite(?), and chlorite (Plate lOe). The pod has been affected by an adjacent F3 
fold. These observations suggest a pre-to syn-D3 "vein" event 

The albite "veins" appear to overprint pervasive alteration, both potassic and sodic, as well as 
biotitized rocks. Quartz eyes are commonly, though not everywhere destroyed. Relict layering 
is locally preserved both in cases where layering is parallel or highly discordant to the "vein". 

Albitization is inferred to have occurred in some rocks within the Hemlo fault zone given that 
some dikes characterized by patchy bleaching of mafic minerals and irregularly distributed 
hematization, contain over 7% Na20 (Tables 4A and 4B). 

Sericitization (see also section on Green Vanadian Muscovite) 

Locally there are schistose rocks rich in sericite that are crudely confined to zones parallel or 
subparallel to the predominant fabric in the rock. The ratio of microcline to sericite ranges 
considerably and is difficult to characterize without detailed study (see Detailed Work: A Zone 
pit area, and C Zone east outcrop). 

Sericitization of quartz-plagioclase porphyry does not destroy quartz phenocrysts. Plagioclase 
phenocrysts show a wide range in response to alteration and concomitant or subsequent strain. 
Anastomosing fabrics are common in sericite schists that are derived from porphyritic rocks. 
Sericitization of metasedimentary rocks facilitates the development of one or more fabrics. 
Where sericitization has proceeded sufficiently with layered metasedimentary rocks, the original 
compositional layering may be completely destroyed. Sericite-rich fractures or "seams" occur in 
the North Zone area (Golden Sceptre property). 

Kuhns (1988) noted a crudely symmetrical alteration associated with the Golden Giant Mine part 
of the Hemlo gold deposit: a potassic core (microcline, biotite), and an enveloping phyllitic zone 
(sericite), bounded by an aluminosilicate zone in the country rocks. A similar symmetrical 
distribution of microcline and sericite was not noted during the surface mapping for this study. 
Rather, there appear to be several or multiple zones of sericitization within feldspathized rocks. 
However, the results of surface mapping do not preclude the presence of a zonal alteration 
pattern at the Golden Giant Mine. The deposit is large and its characteristics vary from place to 
place. 

Biotitization and Chloritization 

Iron- ± magnesium-bearing phyllosilicates are locally abundant in rocks which appear to have 
been feldspathized. These phyllosilicate minerals either enhance existing layering or tend to 
form their own layering as a weak gneissosity. Relatively biotite- and chlorite-rich feldspathized 
rocks are more susceptible to weathering than rocks with abundant microcline. 

The phyllosilicates also occur as lenses in some "units". In some cases, the lenses are 
heterogeneous and resemble altered fragments, an interpretation commonly supported by less 
altered fragmental rocks nearby. The lensy rocks characteristically develop a pitted weathered 
surface, which has been noted in the detailed trench maps (see Detailed Work: North Zone/C 
Zone area). In a few cases, well-defined chlorite lenses are present within otherwise massive 
quartz-plagioclase porphyry. These lenses may be a result of alteration (see Detailed Work: C 
Zone east outcrop; Golden Sceptre property trench map~L4+O0W). Chloritization is locally 
prevalent in the western part of the C Zone and in part of the North Zone area. 
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Locally, biotite-rich fractures or seams are present, particularly in the North Zone area (Golden 
Sceptre property). The orientations of these seams are similar to those of the feldspathic vein
like alteration. In other cases, such as in the C Zone west outcrop (Williams property), 
intersecting biotite- and feldspar-rich vein-like alteration zones bound blocks of feldspathized 
rock. It is possible that some of the biotitization, at least locally, may have occurred after 
feldspathization. It also appears that there may have been more than 1 stage of biotitization: 
possibly a pervasive form followed by a vein-like form. 

Silicification 

The term silicification, as used in this report, is restricted to replacement of the host rock by 
silica. It does not include quartz veins and veinlets, and quartz pods. 

Silicification ranges in intensity from slight to extreme (e.g., SiOo >80%). Limited geochemical 
sampling indicates that slight to moderate silicification is present locally and may be more 
common than was recognized in the course of mapping. This degree of silicification seems to 
occur in microclinized quartz-plagioclase porphyry as generally predominant-foliation-parallel 
zones, 0.5 to 3 m thick, that are fine-grained, equigranular, and contain various amounts of 
disseminated to fracture- or foliation-controlled pyrite. Quartz eyes are commonly destroyed or 
reduced in size: plagioclase phenocrysts are generally destroyed. Silicification was not 
recognized in metasedimentary rocks. 

Strong silicification was noted in the C Zone east outcrop. Here, silicification is prominently 
associated with irregularly shaped zones containing molybdenite, or as tabular, discordant?) 
zones (see Detailed Work: C Zone east outcrop). The spatial association of silicification and 
molybdenite was noted elsewhere as well, but does not appear to be universal in the Hemlo gold 
deposit, based on sampling from several underground visits. One of the samples of molybdenite-
bearing gold ore, taken by the author from the David Bell Mine, consists mostly of fine- to 
medium-grained, "layered" quartz mixed with some pyrite and feldspar. Although folded and 
transposed quartz veins have been noted in the deposit, this type of mineralized rock, which 
constitutes a minority of the ore, appears to be the result of silicification. 

Carbonatization 

Carbonatization occurs as: 1) disseminated, rusty weathering grains that were identified in the C 
Zone of the Williams property and locally in the North Zone (see Detailed Work: C Zone west 
outcrop; North Zone/C Zone area); and 2) slightly brownish weathering, fine-grained veins in the 
C Zone west outcrop. The disseminated habit consists of up to 15% disseminated carbonate 
grains within what appears to be feldspathized host rocks. The vein habit appears to consist of 
minerals other than carbonate, but was not examined further. 

Outside of the Hemlo gold deposit, partly carbonatized rocks were noted on LI04+00W (Golden 
Sceptre property), west-northwest of Botham Lake. 

Tourmalinization 

Tourmaline is common in many of the rocks in the vicinity of the Hemlo deposit. However, 
because it occurs in rocks well away from the deposit, it is not everywhere clear whether all 
tourmaline present in a rock is a direct result of deposit-related alteration, rather than regional 
processes. For example, albitization and tourmalinization have been noted in the Hemlo fault 
zone well outside of the pervasive alteration associated with the Hemlo gold deposit. Here, very 
coarse-grained (4 to 10 cm) tourmaline crystals occur as pods in mafic-ultramafic schistose rocks 
(STOP 25A, outctops "b" and "c": Muir 1991), and as pods and locally a vein-like core in a 
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felsite dike (STOP 26: Muir 1991; Smart 1988). Evidence of brittle-ductile strain indicates that 
these pods are deformed and may be boudins. 

Some of the main habits of tourmaline are as follows: 1) brown to black, fine- to medium-
grained, oriented to unpreferentially oriented needles, particularly along some fracture or 
schistosity planes (e.g., Williams property A Zone outcrops); 2) brown to black, disseminated, 
fine-to medium-grained crystals (e.g., Williams property A Zone outcrops); 3) black, unoriented, 
medium- to coarse-grained (up to 2.5 cm) prismatic crystals within quartz-plagioclase-phyric 
rocks (e.g., the Lower Mineralized Zone on Highway 17 (STOP 23: Muir 1991) and 
feldspathized metasedimentary rocks (e.g., LI 1+00W, Golden Sceptre property); 4) lapilli-size 
lenses of very fine-grained, black masses within what are interpreted to be pyroclastic and 
epiclastic units; 5) deformed, thin (<2 mm) veinlets of fine-grained black crystals; and 6) 
medium-grained prismatic crystals in quartz pods. 

The very fine-grained lenses of tourmaline are sparse, range from several millimetres to a few 
centimetres long, contain no mesoscopic quartz, and are scattered in the fragmental host rocks. 
It is not certain if the lenses represent primary tourmalinization before fragmentation, post-
deposition selective alteration of specific lenses, or tectonic development of lenses from veins. 
The latter is considered unlikely given the size of the lenses, their random distribution, the lack 
of equivalent veining elsewhere, and the direct spatial association with hetergeneous fragmental 
rocks. In 1 or 2 cases though, up to several rod-shaped lenses that are barely disconnected 
represent a partly dismembered veinlet 

In one case, in the Heritage East outcrop, a thin toumaline veinlet was cut by quartz veins (Muir 
1986). In the Back 40s outcrops, tourmaline, associated with local bleaching of the country 
rock, occurs in quartz-filled boudin necks in a slightly discordant gabbroic dike. Another, 
nearby, texturally identical, concordant mafic dike that has undergone some boudinage, contains 
no tourmaline in the quartz-filled necks. 

Tourmaline is also found in quartz pods, discussed in the section on "Quartz Pods and Rods, and 
Associated Minerals". 

Pyritization 

Pyrite is associated with the altered, mineralized, and ore-grade parts of the Hemlo gold deposit 
However, as in all other areas in the Precambrian Shield, pyrite also is common locally in many 
other rock types, as fracture fillings, weakly disseminated crystals, relatively concentrated 
crystals in gossanous zones (see lithological maps), and massive sulphide (e.g., Barren sulphide 
zone, STOP 14: Muir 1991; Quartermain 1985), all of which also occur in the Hemlo gold 
deposit. The proportion of pyrite that is specifically genetically associated with the gold 
mineralizing event(s) is unclear. 

Significant concentrations of pyrite are noted on detailed maps in this report (see descriptions of 
various Hemlo gold deposit outcrops in the Detailed Work section). Minor amounts of pyrite 
also occur in association with quartz pods. 

Various workers have noted different morphological varieties of pyrite from the mine workings 
(Kuhns et al. 1986, Walford, Stephens et al.1986, Harris 1989), some of which are suspected of 
being of different generations (Michibayashi 1991). Some samples of ore collected by the 
author show disseminated equigranular pyrite, which tends to occur in lenses or stringers parallel 
to the main tectonometamorphic layering, as well as elongate, fine-grained pyrite crystals and 
small lenses that are aligned parallel to S3. 

Quartz Veining 
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Quartz veins are ubiquitous in the Hemlo gold deposit map area and range in abundance from 
sparse to numerous. The quartz veins are locally abundant within the Hemlo gold deposit 
Although sufficient examination of the ore was not undertaken for this study, the densest 
distribution of veins may be in the ore. However, in some cases, there are numerous short quartz 
veins outside of the deposit, such as in the A Zone pit hanging wall (e.g., seen as white specs, 
Plate 13b). 

Crosscutting relationships and, to some degree, a variety of strained configurations of quartz 
veins indicates that there are several stages of veining (e.g., Detailed Work: C Zone east 
outcrop). Detailed mapping indicates several vein habits occur: 1) folded veins; 2) transposed 
veins; 3) boudins of quartz; 4) gash-fracture-like veins; and 4) north-northwest- to east-
southeast-striking veins displaced along predominant-fabric-parallel faults. Folded quartz veins 
with "Z" and "S" asymmetry were noted, as were buckle and ptygmatic folds. In some cases, 
sharply defined, angular "Z" shapes were noted in a few veins where dilation along segments of 
intersecting fractures resulted in infilling by quartz. Deciphering vein chronology is complex 
given various: stages of vein development; vein orientations; and states of strain. 

The thickness of quartz veins in the map area is generally less than 30 cm, and are commonly 
less than 5 cm. Most veins are contiguous for no longer than 2 m. In some cases, as in parts of 
the C Zone east outcrop, multitudinous quartz stringers have riddled the quartz-plagioclase 
porphyry host rock. Most are parallel to the predominant fabric; those at a high angle are locally 
buckled. 

Quartz veins in the Hemlo ore are variably deformed. Some of the earlier veins are tightly 
folded and/or dismembered (e.g., Williams Mine, A Zone ore: see Plates 7a to 7e; Williams 
property Heritage outcrops: see Figure 27), whereas later folds are slightly to moderately folded. 
In a few cases, thin quartz veins, which have been deformed, have cut across fabric-parallel 
pyrite seams (Plate 70- Given the severity of folding and transposition of quartz veins in some 
of the ore, the ore may be considerably deformed as well. 

Quartz Pods and Rods, and Associated Minerals 

The formation of quartz pods and quartz rods may be associated with one or more of the quartz 
vein events, or one or more strain events. As viewed on a horizontal surface, these irregularly to 
lensoid bodies range from 2 to 30 cm, generally <15 cm, in the long dimension. Some of the 
rods were at least 20 cm long, although the third dimension was generally not available for 
viewing. 

The quartz pods and rods are variably deformed. The relationship between the quartz and the 
adjacent fabric in the host rock suggests, at least in some cases, that the pods and rods were 
initially oriented northwest to norm and have rotated clockwise into a north to east-northeast 
orientation (see Figure 22). One case was noted in the Heritage east outcrop where a quartz pod 
was cut by an intermediate dike (Figure 22). Both the quartz pod and dike have undergone some 
clockwise rotation. Feldspathic alteration of the country rock adjacent to the pods is locally 
evident where the country rock, as a whole, is not altered, and where there is host rock alteration. 

The quartz pods and rods are commonly associated with one or more of the following minerals, 
listed in approximate decreasing order of occurrence: muscovite, tourmaline, biotite, pyrite, 
chlorite, kyanite, feldspar, amphibole, carbonate (rusty weathering), rutile, andalusite (pink), and 
ilmenite. Although muscovite is fairly common, no attempt was made to plot the overall 
distribution of all of these individual mineral species as the density of data is too variable to be 
meaningful. The quartz pods and rods are found within, and outside of, the pervasive alteration 
zone spatially associated with the Hemlo gold deposit 
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Kyanite within the quartz pods is fine (rarely) to coarse grained (up to 8 cm long), and 
commonly partly to completely altered to muscovite. It is not known if all of the muscovite in 
the pods was originally kyanite. Some of the kyanite and muscovite has been kinked and 
crenulated, possibly as a result of D3 and/or D4 deformation. Other kyanite crystals appear to be 
deformed by an anastomosing cleavage (e.g., kyanite sampled from the 1st outcrop west of 
STOP 19, Highway 17: Muir 1991). In one case, (Line 12+OOW: Golden Sceptre property), 
kyanite and andalusite are in mutual contact within a quartz pod, that also contains muscovite 
and, locally, chlorite and tourmaline. 

The distribution of kyanite is as follows. The most westerly occurrence noted was L 48+00W, 
about 400 m west of the west end of pervasive feldspathization (indicated on the detailed 
lithology map), and the most southerly occurrence noted is on L48+00W, about 375 m from the 
southernmost part of the zone of pervasive alteration outlined on the map. The latter example is 
spatially associated with tourmaline and green muscovite within partly altered wacke, an 
example of one of several zones of altered rocks detached from the Hemlo gold deposit, at least 
at the present surface level. Otherwise, the "northernmost" and "easternmost" locations recorded 
(with respect to the Hemlo gold deposit), are in the "immediate" hanging wall metasedimentary 
rocks, at the Heritage outcrops (Williams property) and on Highway 17 (about 175 m west of the 
large diabase dike), respectively. 

Hemlo Gold Deposit Mineralization 

The Hemlo gold deposit is noted for its large tonnage and relative continuity of ore distribution 
and grade. Annual production from the Hemlo gold deposit, from the David Bell Mine, the 
Golden Giant Mine, and the Williams Mine, climbed steadily from 1985, the initial year of 
production, to 1990, after which it decreased slightly (Table 6). Table 7 lists the ore reserve 
estimates of the 3 mines. A generalized plan view of the deposit ore and major mineralized 
zones (exposed and projected to surface) is shown in Figure 20. Figure 21 depicts a generalized 
longitudinal section of the deposit 

The Hemlo gold deposit is not stratiform and likely not strata-bound. This conclusion is derived 
from comparing field observations with the definitions in the Glossary of Geology (Bates and 
Jackson 1987), and contrasts with conclusions by previous workers (see section on Depositional 
Models). The deposit is neither confined to a stratigraphic unit nor to one or more specific 
layers. Rather, the deposit occurs in a number of altered, transposed, folded units, which, in this 
report, are interpreted to be quartz-plagioclase porphyry, quartz-plagioclase-phyric fragmental 
rocks, biotitized and sericitized conglomerate, and a variety of finer-grained metasedimentary 
rocks. 

In this, and subsequent, sections, the terms "mineralization" and "mineralized" refer to auriferous 
rocks, whether or not notable pyrite or molybdenite is present 

Hemlo Gold Deposit Ore 

Providing detailed descriptions of the ore types was not part of this study. Descriptions of the 
ore types and mineralized rocks are published elsewhere (e.g., Burk et al. 1986, Kuhns et al. 
1986, Kuhns 1986, Valliant and Bradbrook 1986, Walford, Stephens et al. 1986, Harris 1986b, 
1989, and Kusins et al. 1991). The following is presented in this report: information related to a 
general overview; and various salient points that are pertinent to this study. The latter involves 
observations based on surface mapping and underground sampling by the author. The ore zones 
are described briefly below, from west to east and from north to south where appropriate. 

Golden Sceptre Property Orebodies 
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The Golden Sceptre property (Hemlo Gold Mines Inc.) ore zones are shown on the structural 
map (for purposes of clarity) and are divided into (Paul Johnston, Hemlo Gold Mines, written 
communication, 1992): 

-the more northern North Zone #2, and the more southern North Zone #1, which together 
accounted for 180 000 tonnes at 2.5 g/t (cut off 1.5 g/t) in open pit mining completed in 
1991;and 
-the South Zone, which contains erratically distributed, low-grade gold mineralization, 
for which detailed information is not available 

There are other subsidiary mineralized zones associated with the Hemlo gold deposit on this 
property. 

Williams Property Orebodies 

The Williams property ore zones are divided into the C Zone, the B Zone, and the A Zone. The 
C Zone, which is currently being mined in open pit operations, is subdivided into a number of 
subzones which are generalized and listed in Table 8. 

The C Zone orebodies are numerous, mostly east-striking, tabular to lensoid zones which have 
been defined largely by a surface percussion drilling program. The CI00 orebodies also have a 
west-northwest-stiking component. The extents of the orebodies, as depicted on the structural 
map, are, in part, a function of the drilling grid undertaken. The C100 series (most northerly) ore 
zones are hosted in what are interpreted to be feldspathic meta-arenite, feldspathic metasiltstone, 
feldspathic lithic arenite, and feldspathic metaconglomerate. The C200 series ore zones are 
hosted in feldspathic conglomerate and feldspathic lithic arenite. The C300 series ore zones are 
hosted in varieties of felsic quartz-plagioclase-phyric, subvolcanic and possibly volcanic rocks. 
The elongate test pit west of the C Zone east outcrop lies within the C333 Zone, which is the 
largest zone. 

The B Zone, the main ore zone of the Williams property, is not exposed at surface. Sufficient 
information required to judge whether mineralization exposed in the Heritage east outcrop may 
be connected to the B Zone is not available. A few surface zones of mineralization at the 
Heritage east outcrop area gave values of 5.5 g/t across 2 m, 3 to 3.5 g/t across <1.5 m, and <1.0 
g/t across <1.0 m (A. Guthrie, Williams Operating Corporation, written communication, 1992). 

The A Zone is completely mined out in both underground and open pit operations; the latter was 
completed by mid year, 1986. The open pit operation yielded approximately 800 000 tonnes of 
ore grading 5.2 g/t with a cutoff grade of about 1.5 g/t (A. Guthrie, Williams Operating 
Corporation, written communication, 1992). More detailed information on the A Zone geology 
can be found in Walford, Stephens et al. (1986), Walford, Weicker, and Guthrie (1986), and in 
the Detailed Work section of this report. 

Golden Giant Mine Orebodies 

The Hemlo gold deposit does not intersect the surface on the Goliath Gold Mines Property 
(Golden Giant Mine-Hemlo Gold Mines Inc.). The most detailed published information on the 
Golden Giant Mine orebodies is that by Kusins et al. (1991), upon which the summary of the 
orebodies below is based. The orebodies occur predominantly within 2 zones, the upper "Main 
Ore Zone" and the lower "Lower Mineralized Zone". 

Subdivisions of the gold-molybdenite-bearing Main Ore Zone, based on predominant 
mineralogy, are: feldspathic ore and sericitic ore (the 2 most common types); baritic-feldspathic 
ore; and siliceous ore. Feldspathic ore consists of microcline and quartz, along with pyrite, 

65 



molybdenite, and green mica. The baritic-feldspathic ore consists of feldspathic ore fragments 
within a Au-Mo-poor barite ± pyrite matrix. 

The Lower Mineralized Zone occurs at, or near, the footwall contact of the quartz-phyric felsic 
rocks of the QFPC. This zone ranges from 1 to 20 m thick, and contains ore grade 
mineralization in thicknesses ranging from 2 to 5 m, only locally within the lower levels of the 
mine. The various altered rocks within the Lower Mineralized Zone are described as feldspathic, 
sericitic, baritic, and pyritic. Quartz eyes are not present in feldspathic and sericitic types. 

The ore is cut by mafic and "dacitic" dikes (Kusins et al. 1991). Observations underground, by 
the author, suggest that at least one mafic dike has undergone folding and boudinage, followed 
by subsequent shortening during D3. 

David Bell Mine Orebodies 

Ore grade mineralization of the Hemlo gold deposit does not intersect the surface on the Teck-
Corona property, although subore-grade mineralization is exposed on the western part of the 
property, along Highway 17, as the West Zone (e.g., Stop 7: Quartermain 1985; STOP 20A: 
Muir 1991). There are about 6 mineralized zones on the Teck-Corona property, at least 2 of 
which comprise ore. The following descriptions are based largely on Burk et al. (1986). 

The David Bell Mine A Zone is the eastern extension of the B Zone of the Williams property and 
the Main Ore Zone of the Golden Giant Mine, and contributes about 90% of the ore for the 
David Bell Mine. It is slighdy discordant, down dip, to the unit shown on the lithologic map as 
altered biotite-predominant conglomerate. This conglomerate unit, which lies at the upper 
contact of the QFPC, is also known as the: biotite-rich rock (Walford, Stephens et al. 1986) or 
biotitic fragmental unit (A. Guthrie, Williams Operating Corporation, written communication, 
1992) of the Williams property; biotitic fragmental subunit of the mafic fragmental unit (Kusins 
et al. 1991) of Golden Giant Mine; and clast-bearing feldspar-quartz-porphyritic biotite schist or 
mylonitized conglomerate (Burk et al. 1986) of the Teck Corona property). 

The David Bell Mine B Zone occurs structurally below the A Zone, in the lowermost (i.e., down-
dip) part of the property, within the QFPC but hosted by non-porphyritic, laminated, muscovite-
biotite-quartz schist. The mineralization in this zone, is anomalous within the Hemlo gold 
deposit system in that it contains molybdenite but no gold. The zone extends onto the Goliath 
Gold Mines property (Hemlo Gold Mines Inc.). 

The David Bell Mine C Zone contains about 500 0001 of ore. The zone occurs in the lowermost 
part of the property and extends onto the Golden Goliath Mines property. The mineralized zone 
is discordant in that, at its western end, it is in contact with the lower contact of the main quartz-
plagioclase-phyric unit (shown on the map, east of Moose Lake), and at its eastern end, it is 
within the muscovite-biotite schist (shown on the map as a units extending east from the thin 
sliver of quartz-plagioclase-phyric rock extending east of Moose Lake). One diamond drill hole 
intersected 4.5 m grading 30 g/t. 

The D Zone lies on the eastern half of the Teck-Corona property, at depth, structurally above the 
A Zone. The D Zone is hosted by 3 different rock units as mapped in the mine (biotitic and 
chloritic schist, quartzo-feldspathic rock, conglomerate). Maximum mineralized thickness is 2 m 
grading from 5 to 17 g/t 

The E Zone, which is up to 4 m thick, also occurs at depth on the eastern part of the Teck-
Corona property, and is structurally below the A Zone (Burk 1987). It is enclosed within the 
biotite-predominant conglomerate, but hosted by what may be altered, layered metasedimentary 
rocks. 
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The West Zone is a rootless zone of subore grade, erratically distributed, gold and molybdenite 
mineralization that is exposed at surface and underlies Highway 17. It is the original zone in 
which gold was discovered, in the 1940s, within what was termed the Lake Superior Shear Zone. 
The host rock is interpreted to be altered conglomerate which would correspond to feldspathized 
and sericitized, biotite-predominant conglomerate of the map accompanying this report (Plate 

Hemlo Gold Deposit Metals/Minerals 

There are many features about the Hemlo gold deposit mineralization that are important, but to 
discuss them all would be impractical for this report Aspects of various metals and minerals 
that are pertinent to this study are discussed below. 

Gold 

Visible gold, which has been noted in all 3 mines, was rarely noted during the course of 
mapping. Several surface occurrences, provided by company personnel, are noted on the map. 
Overall, native gold visible on surface was noted at the North Zone, the C Zone, and the A Zone, 
which represents the 3 most extensive surface exposures of the Hemlo gold deposit 

At the North Zone #1 and #2 (Golden Sceptre property), visible gold occurs in molybdenite- and 
greenish-mica-bearing fractures and in feldspathic vein-like alteration or feldspathic rinds 
(Kusinsetal. 1991). 

At the C Zone (Williams property), visible gold occurs as (A. Guthrie, Williams Operating 
Corporation, written communication, 1992): 

-grains, blebs, and platings in quartz-microcline, vein-like structures, which are parallel 
to the predominant, east-striking fabric and locally parallel with, or discordant to, 
lithological layering; 
-on fractures adjacent to the "veins"; and 
-platings within molybdenite-enriched laminae as part of altered metasedimentary rocks, 
just below surface 

At the A Zone (Williams property), a few specks of gold were noted within a "biotitic 
fragmental" unit that is shown on the map as a tectonized unit interpreted to be "biotite-
predominant conglomerate". The unit forms the footwall to the main orebody, near the contact 
with muscovite-rich rocks that are transitional from feldspathic ore of the footwall ore zone and 
the biotitic fragmental unit (A. Guthrie, Williams Operating Corporation, written 
communication, 1992). 

Visible gold from underground at the Golden Giant Mine occurs in all rock subunits. However, 
visible gold occurs mostly in feldspar-quartz pods or biotitic shears within the ore (Kusins et al. 
1991). 

At the David Bell Mine, visible gold occurs in habits similar to those at the Golden Giant Mine. 
In addition, it has also been noted in a fracture within an apparently unaltered feldspar porphyry 
dike (sample presented by P. Bankes, formerly of Teck-Corona Operating Corporation, personal 
communication, 1988). A speck of visible gold was noted within diamond drill core, (downhole 
depth of 722.5 m), in molybdenite-bearing, quartz-plagioclase-phyric unit that structurally 
overlies the Hemlo gold deposit (Quartermain 1985). 

Molybdenite 

67 



Molybdenite is one of the 2 best indicators for the presence of gold (where gold is not visible) in 
the Hemlo gold deposit, the other being green, vanadian muscovite (Kuhns et al. 1986). 
Molybdenite is generally very fine-grained ( « 0 . 5 mm). It was noted in several outcrops at, or 
near, the upper structural contact of the main part of the quartz-plagioclase-phyric unit that 
underlies Moose Lake. These outcrops are located along a strike length of about 2.4 km, from 
the large diabase dike, located west of the David Bell Mine, to the C Zone west outcrop. 
Molybdenite was also noted in a few other places within the quartz-plagioclase-phyric unit, such 
as the C Zone east outcrop, and the small intrusion breccia body south of the C Zone test pit that 
lies to the west of the C Zone east outcrop. Molybdenite was also present in the North Zone 
orebodies within feldspathized metasedimentary rocks. 

In the North Zone, molybdenite occurs with green mica ± pyrite in fractures along which 
feldspathization and biotitization occurred (Kusins et al. 1991). In the C Zone west outcrop, 
molybdenite was noted in a few siliceous-looking, dextrally offset, vein-like alteration zones that 
are parallel or subparallel to the predominant east-striking fabric, adjacent to highly altered felsic 
rock displaying "S"-shaped folds. In the C Zone east outcrop, molybdenite occurs in irregularly 
shaped to tabular, highly siliceous, auriferous zones where few quartz eyes, and virtually no 
plagioclase phenocrysts remain in the altered, quartz-plagioclase-phyric host rock. In the 
Heritage east outcrop, molybdenite is disseminated in feldspathized and/or silicified rocks. In 
the A Zone, molybdenite is present as: disseminations in feldspathized rock (metasedimentary 
precursor?); coatings on some foliation planes or fractures; and disseminations in barite 
(Walford, Stephens et al. 1986). In the West Zone Highway 17 outcrop, molybdenite is very 
fine-grained and irregularly distributed in a notably deformed, schistose, altered conglomerate or 
lapilli tuff unit. Molybdenite in the small outcrop to the west of the large diabase dike 
mentioned above is disseminated in sericitized and feldspathized rocks that are possibly of 
metasedimentary origin. 

One small cluster of molybdenite flakes found in the intrusion breccia (Williams property) is 
equivocal in its timing as it occurs at the "triple junction" of a fragment of foliated, felsic, quartz-
plagioclase-phyric rock, the foliated lamprophyric igneous matrix, and a small, deformed quartz 
pod. 

Molybdenite was also found in skarn rocks in the southeast part of the map area (discussed 
below), and in a granodioritic dike cut by quartz veins, within relatively mafic schists at the 
contact of the Cedar Lake Pluton on Highway 17 (sample supplied by A. J. Macdonald, personal 
communication, 1984; STOP 6: Muir 1991). 

Green Vanadian Muscovite 

The second most reliable indicator of gold, after molydenite, is green muscovite. This muscovite 
is vanadian rich, but is not the mineral roscoelite (Harris 1989). However, Pan and Fleet (1991b) 
maintain that some high-V203 muscovite from the Williams property C Zone should be 
classified as roscoelite. Classic green vanadian muscovite associated with the Hemlo gold 
deposit is a bright green colour. The green hue of the rock is dependent, on the amount of the 
muscovite present, the colour of the enclosing rock material, and the amount of vanadium 
contained in the muscovite. There are several cases where vanadian muscovite occurs without 
molybdenite, although the gold content is not known. 

Studies by Harris (1989) indicate that micas in the Hemlo gold deposit, which comprise sericite, 
muscovite, green muscovite, and biotite-phlogopite, contain less than 8.5 wt% V9O3, from 0% 
to 6.9 wt% BaO, and generally nil to <0.3% Cr 2 03 , with one exception at 0.9% C^O^ Studies 
by Pan and Fleet (1991b) indicate 2 types of green muscovite in the deposit; a chromian-rich 
variety with <1 wL% 0*203, and a vanadian-rich variety with up to 17.6 wt.% V2O3. One 
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sample of green muscovite taken, by the author, from the A Zone ore at surface, gave values of 
380 ppm V, 4060 ppm Ba, 2980 ppm Cr, and 6560 ppm Fe. 

Green muscovite at the various barite occurrences about 20 km west of the Hemlo gold deposit 
(Patterson 1984; STOP 4: Muir 1991) tends to have different shades of green (Muir 1991), and 
contains different amounts of trace elements (see Pan and Fleet 1991a). Gold contents at these 
occurrences are generally nil to trace. 

The green vanadian muscovite occurs as fracture or "seam" fillings, as "coatings" on planes of 
schistosity (some almost 1 m 2 ) , as scattered, small groups of flakes, and most commonly as 
lenses ranging from a few millimetres to several centimetres long, with aspect ratios ranging 
from about 1:3 to 1:10. In some cases, in slightly deformed quartz-plagioclase-phyric rocks, 
low-aspect-ratio green muscovite lenses are situated within 20 cm of low-aspect-ratio 
"colourless" muscovite/sericite lenses. In such cases, the outcrops contained numerous lapilli-
size fragments which collectively displayed a variety of plagioclase- and quartz-plagioclase-
porphyritic textures. The rocks were interpreted to be lapilli-tuff. The presence, as lenses in 
fragmental rocks, of phyllosilicate minerals having many textural similarities but possibly 
different trace element contents, may indicate that: vanadium-related alteration occurred before 
primary fragmentation; selective "absorption" of vanadium, by some fragments, occurred during 
post-deposition alteration; or some other undetermined event(s) occurred. 

Two rock "types" having equivocal protoliths, in which vanadian muscovite is most common, 
are biotite-predominant conglomerate (biotitic fragmental in the mine terminology), and 
"sericitic fragmental" rock, which appears to be an altered equivalent to the "biotitic fragmental". 
The 2 types were exposed best, on surface, in the A Zone pit area before excavation (see 
Detailed Work: A Zone pit area). The "biotitic fragmental" rock contains biotite and 
uncharacteristically green chlorite lenses, whereas the "sericitic fragmental" rock contains a 
variety of greenish lenses including emerald green (vanadian-bearing) lenses. The "biotitic 
fragmental" unit itself may have undergone biotitization. 

Green vanadian muscovite is locally crenulated or folded by Fa folds. This suggests that the 
vanadian-bearing minerals formed prior to, or synchronous with, D3 deformation. 

Cinnabar, Stibnite, and Realgar 

Cinnabar, stibnite and realgar are found locally throughout much of the Hemlo gold deposit, but 
were noted on surface only in the A Zone pit area (pre-and post-excavation). Cinnabar and 
stibnite commonly are spatially associated with quartz pods and rods, and deformed quartz veins. 
Realgar and cinnabar are also present on fractures in what may have been small cavities, and 
within layers, particularly those that are folded. In one case, in the Golden Giant Mine, the 
author observed what appeared to be realgar and possibly cinnabar in "Z"-shaped folded layers. 
However, this was in the back of the stope and it was not possible to determine the fold 
generation or the character of mineralization within the layers (i.e., folded mineralization or 
replacement of folded layers?). 

Chalcopyrite 

Chalcopyrite was observed in the west end of the C Zone test pit which lies to the west of the C 
Zone outcrop. It occurs as small grains in the felsic, quartz-plagioclase-phyric unit. 
Collectively, sphalerite, chalcopyrite, and galena, in approximately decreasing order of 
abundance, have been noted in small amounts elsewhere in the Hemlo gold deposit by Harris 
(1986b, 1989), Kuhns (1986), and Walford, Stephens, et al. (1986). 

Barite 
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Barite was recognized in the present field study in only a few places, particularly in the C Zone 
between the C Zone east and west outcrops. The barite is recrystallized, fine grained, and has a 
sugary texture. Underground, barite occurs as: masses displaying deformed, and 0.5 to 5 cm 
thick, folded layers (Z-shaped fold, in one case, of unknown generation); lenticular streaky 
bodies; and a massive matrix component to breccia containing fragments of altered country rock, 
some of which is mineralized. Barite-rich zones are generally almost devoid of gold except 
where there are locally developed breccias consisting of mineralized country rock fragments 
within a barite matrix. In some cases, these breccias are mined as ore. 

Scapolite 

Scapolite was noted in this study only at surface in the A Zone pit area (see Detailed Work: A 
Zone pit area). The few crystals seen occurred within highly strained, altered, intermediate to 
felsic, quartz-plagioclase-phyric rock as white laths, up to 3.5 cm long, which displayed patchy 
and silvery (almost irridescent) lustre. 

Scapolite has also been reported in the "biotite-rich fragmental rock" by Walford, Stephens et al. 
(1986). 

Titanite 

Titanite has been reported as a common silicate mineral species within the Hemlo gold deposit 
(Harris 1989). Although seldom noted in the course of mapping for this study, the most notable 
example of titanite was on L17+00W within the North Zone area (see Detailed Work: North 
Zone/C Zone area; Figure 24A). Here, euhedral to subhedral, reddish brown crystals up to 12 
mm long were noted within weakly feldspathized arenite. 

Ruble 

Rutile occurs locally in quartz pods (discussed in section on Quartz Pods and Rods, and 
Associated Minerals) and was also noted locally in altered country rock. The most notable 
example of rutile was on L8+00W within the North Zone area (see Detailed Work: North 
Zone/C Zone area; Figure 24A). Here, deep reddish brown, subhedral crystals of rutile up to 
several millimetres long occur in somewhat feldspathized and pyritized, quartz-plagioclase-
phyric rock, adjacent to quartz + muscovite veinlets, and in highly feldspathized quartz-
plagioclase-phyric rock. 

Fine-grained rutile was useful in determining protracted metamorphic and/or hydrothermal 
activity through U-Pb geochronology (Corfu and Muir 1989b: see section on U-Pb 
geochronology). 

Fluorite 

Fluorite is found within and outside of the Hemlo gold deposit (e.g., (1) see section on 
Pegmatite; (2) STOP 25: Muir 1991; and (3) Cedar Lake Pluton). Hence, fluorite is not a unique 
characteristic of the Hemlo gold deposit Within the deposit, fluorite was noted, in a surface 
exposure at the A Zone pit area, within feldspathized and tourmalinized, quartz-plagioclase-
phyric rock (see Detailed Work: A Zone pit area). It occurred as fine- to medium-grained, pale 
purple crystals. 

Fluorite also occurs along fractures as medium-grained, deep purple crystals associated with: 1) 
chlorite in felsic quartz-plagioclase-phyric rock (outside of the deposit); and 2) epidote and 
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crosscutting veins of medium- to coarse-grained pinkish-orange feldspar, calcite, and pyrite 
within layered metasedimentary rock (mine workings waste). 

Calcite (pinkish-orange and white) 

Pinkish-orange calcite was noted on surface only in one place, in the C Zone area, and in waste 
rock fragments. It was also noted in several places underground in what appeared to be small, 
deformed veins. 

Medium-grained, white calcite was observed within, and outside of, the Hemlo gold deposit and 
the spatially associated zone of pervasive feldspathization. The calcite occurs as a minor 
constituent in a few places in outcrops, in mineralized rocks, in waste rock, and was observed 
during underground trips. White calcite occurs as medium- to coarse-grained crystals commonly 
spatially associated with quartz pods and rods, and other associated minerals. 

In one outcrop, structurally above the deposit (equivalent to STOP 18: Muir 1991), there are 
possibly 2 sets of calcite-bearing veins: an earlier(?) set with recrystallized (equant), medium-
grained grayish calcite; and a later(?) set with coarse-grained white calcite. 

Other Alteration 

Various types of alteration not spatially associated with the Hemlo gold deposit are described 
below. These features were mostly noted in passing during the mapping for this study. 

Skarn alteration 

Several occurrences of garnet-pyroxene-bearing skarn alteration were noted in the southeastern 
part of the map area. All occurrences appear to be within the same strike-conformable zone 
which extends for at least 1 km, about 250 m northeast of Molson Lake. This zone appears to 
extend for at least another 6.5 km to the southeast and east-southeast, on the Lac Minerals 
Limited White River property, where it is referred to as the Cadi Zone (Pan and Fleet 1989b; 
Pan, Fleet, and Stone 1991). A small, poorly exposed zone, possibly containing similar skarn 
alteration, was noted near the west shore of Molson Lake, just north of the Williams tailings 
pond containment dam. 

The host rocks for the skarn are amphibolite, which is commonly schistose to gneissic, and 
relatively magnesian-rich, mafic-ultramafic schists, which consist largely of various amounts of 
chlorite, actinolite, and/or talc. These mafic-ultramafic schists are similar to schists found in the 
Hemlo fault zone. Samples, taken by the author, contain plagioclase, potassium feldspar, light to 
medium brown grossularite, emerald green garnet (uvarovite?), idocrase, a hedenbergite-like 
clinopyroxene, amphibole, epidote, and iron-rich chlorite. Other minerals have also been 
reported (Pan and Fleet 1989b; Pan, Fleet, and Stone 1991) from the same skarn unit, to the 
southeast of the map area. Many of the minerals are enriched in chromium which may indicate 
that the skarn is a product of metasomatism involving mafic-ultramafic rocks (Pan and Fleet 
1989; Pan, Fleet, and Stone 1991). 

Mineral textures in skarn alteration zones are complex from outcrop to outcrop. Overall, there is 
commonly a moderately well-defined to wispy gneissic appearance defined by layers of 
contrasting skarn mineralogy such as garnet, feldspar, and amphibole. Potassium feldspar, 
which is likely microcline (e.g., Pan and Fleet 1989), occurs mostly within plagioclase-rich 
layers, commonly at the boundary of garnet and plagioclase. Locally, small lenses of remnant 
amphibolite lie within a matrix of medium-green amphibole. 
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Minor amounts of molybdenite were noted in 2 places within the map area in the skarn unit 
(Siragusa 1984a; this study). In a trench at the north-west extent of the unit, an 8 mm bleb of 
molybdenite was spatially associated with pyroxene, garnet, feldspar and calcite. Pan and Fleet 
(1989) and Pan, Fleet, and Stone (1991) have noted molybdenite in the Cadi Zone to the east-
southeast in amounts up to 5%: much of it is restricted to cross-cutting veins. 

Small Z-shaped folds and crenulation cleavage have overprinted the skarn and spatially 
associated schistose rocks. This indicates the skarn developed prior to, or synchronous with, D3 
deformation. 

Potassium Feldspar 

Locally, there are late fracture fillings that become yellow when stained for potassium feldspar. 
These fracture fillings, which may be pink on fresh and weathered surfaces, appear to cut across, 
generally at a high angle, all structural elements. The fracture fillings have been noted north and 
south of the Hemlo fault, including the skarn-like rocks northeast of Molson Lake. The stained 
mineral, interpreted to be potassium feldspar, suggests there is more than one event that involved 
potassium enrichment This feature complicates the interpretation of temporal relationships 
involving potassic feldspar. 

Epidotization 

Epidotization, as used in this report, refers to above-average amounts of mesoscopically 
recognizable epidote, not simply the occurrence of epidote which is widespread in greenstone 
belts. Epidotization, which is commonly spatially associated with hematization, was noted in 
several cases: in country rocks, particularly feldspathic arenite, locally within up to 50 m of 
contacts with some diabase dikes; within granitic rocks and diabase dikes as irregularly shaped 
masses or as vein-like bodies, up to 5 cm thick, commonly with actinolite; locally along some 
faults or lineaments; and in numerous layers in many of the gneissic amphibolite units. Vein
like epidote replacement, for instance, in the Cedar Creek Stock, has resulted in in situ alteration 
of the host rock. Slightly elongate clusters of quartz crystals within the massive epidote are 
similar to those in the host granodiorite, which attests to replacement of the granodiorite, rather 
than infilling of a void. 

Locally, there are numerous relatively late fractures along which biotite and/or amphibole are 
bleached up to a few centimetres from the fracture, and in which very fine-grained epidote is 
present 

Hematization 

Hematization occurs spatially associated with epidote (or epidotization) (Plate 6c) and/or calcite 
along some relatively late fracture systems, some of which contain breccias (e.g., STOP 25A, 
outcrop "b": Muir 1991), and along contacts with some diabase dikes. Considerable 
hematization is also present locally along the fault extending east-southeast from Botham Lake, 
for up to about 100 m from the fault Other small occurrences of hematization, many of which 
are along or near faults or lineaments, are noted on the lithologic map. 

Gossans 

There are many gossans throughout the map area and these are noted on the lithologic map. 
Where mesoscopic pyrite was observed in gossans, the symbol for gossan ("Q") is replaced by 
the symbol for pyrite ("L"). Relatively large outcrop areas which have a mildly rusty 
appearance, such as with the pelitic rocks in the area of the Back 40s outcrops on die Williams 
property, are not considered to be gossans. Pyrite is, or is inferred in deeply weathered areas to 
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be, the most common sulphide mineral in the gossans. Minor amounts of pyrrhotite were noted 
rarely. 

Gossans commonly occur in schistose and/or altered rocks (feldspathization and/or 
sericitization), such as dark grey-black and grey-brown siltstone, sericite ± biotite schist, biotite 
± sericite schist, quartz-eye sericite schist, some fragmental/clastic rocks, and some 
feldspathized rocks. However, gossans also occur in a variety of wacke and arenite with no 
obvious alteration, such as in the Cedar Creek fold (see also STOP 8: Muir 1991). 

In most cases, no assay was taken of a gossan unless the gossan was of significant size or 
feldspathization was recognized. Various gossans, particularly those occurring along Highway 
17, have been assayed (Patterson 1986; Schnieders et al. 1988; M. Smyk, Ministry of Northern 
Development and Mines, written communication, 1991). Most gossans do not contain >100 ppb 
Au or significant amounts of other trace elements. 

One unit of note, which is locally gossanous, is the Highway Zone (see STOP 27: Muir 1991). 
This zone is situated just north of Highway 17, and extends from west of the west end of "Fault" 
Lake, to possibly as far east as Moose Lake. Gold grades in this zone are anomalous but highly 
erratic. The highest value reported from this gossan is 0.32 oz. Au per ton (Muir 1982b); 
subsequent surface sampling in a number of places in this zone has returned values in the <2 
ppm range (Patterson 1986; M. Smyk, Ministry of Northern Development and Mines, written 
communication, 1991). Anomalous concentrations of Au (103 ppb) and Mo (100 ppm) (M. 
Smyk, MNDM, personal communication 1990) occur in a small gossan located to the west of the 
Hemlo gold deposit just off Highway 17 at what is termed the Large F3 fold outcrop (Figure 39; 
see STOP 29: Muir 1991). 

A gossan of potential interest is located north of the Hemlo fault zone, in the southeasternmost 
part of the map area, on the White River property (Lac Minerals Limited). Rusty weathering, 
schistose metasedimentary(?) rocks partly resemble some of the feldspathized metasedimentary 
rocks spatially associated with the Hemlo gold deposit. Another gossan, adjacent to the quartz 
crystal arenite unit lying northeast of "Molson Light" Lake, partly resembles the Barren sulphide 
zone located on Highway 17 (STOP 14: Muir 1991). 

Detailed Work on Selected Outcrops and Areas of Outcrop 

The Hemlo gold deposit is one of Ontario's larger gold deposits. A detailed data base for various 
characterisitics of the deposit area and, ultimately the deposit itself, is necessary to document 
critical relationships that collectively describe the setting in which the Hemlo deposit occurs. 
Many exposures in the Hemlo gold deposit area will never be available again for study, hence it 
is important to convey as much of the information gathered in this study as is possible. 

Following, is a presentation of the salient features of several outcrops and outcrop areas that 
were mapped in detail at scales ranging from 1:1000 to 1:100. The descriptions deal firstly with 
outcrops spatially associated with the Hemlo gold deposit and its alteration "envelope", and 
secondly, various other outcrops mat were exposed (or had the exposure improved) during the 
course of this mapping project These types of detailed relationships are critical to convey a 
sense of structural style and the temporal and spatial relationships between types and styles of 
structures, alteration types and mineralization. The detailed relationships documented are 
critical to convey the temporal and spatial relationships between types, styles and stages of 
deformation, alteration, and mineralization. The legends for the detailed outcrop maps are 
keyed, as much as possible, to the master legends for the lithology and structural geology maps 
that accompany this report (see also Tables 2 and 3). 

Hemlo Gold Deposit-Related Outcrops and Outcrop Areas 
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The descriptions of the outcrops and outcrop areas in this section are presented from west to east 
across the deposit area. 

Golden Sceptre Property Trenches 

Several stripped trenches generated by Noranda Exploration Limited, are located in an area 
extending from west of Botham Lake to the eastern boundary of the Golden Sceptre property, 
along a strike length of over 3.6 km. Lines 84W, 104W, and 120W, situated north to northwest 
of Botham Lake, are shown on the 1:5000 scale maps accompanying this report but are not 
presented in more detail here. 

Five, long trenches, namely lines 80W, 64W, 48W, 28W, and 4W (Imperial grid measurement) 
are, however, shown in detail at a scale of 1:1000 (Figures 23 A and 23B). TTie trenches range 
from 270 m to 960 m long. For practical presentation purposes, the map is drawn with a 
vertical:horizontal exaggeration of 3. The main features apparent from the detailed mapping are: 

-complex lithologic interlayering; 
-equivocal relationships between quartz-plagioclase porphyry and quartz-plagioclase-
phyric fragmental rocks; 
-polyphase generations of structures ranging from ductile to brittle in character; 
-felsic and intermediate to mafic dikes are numerous and occur, collectively, with an 
average spacing of about 5 m, (based on Mann 1986, for L4W); 
-multiple dike swarms; 
-local evidence of tight to isoclinal folds; 
-various facing directions, if apparent grading is normal; 
-relatively large-scale domains of various types of alteration contiguous with the Hemlo 
gold deposit, as well as outlying narrow zones of alteration; 
-zones of high strain, transposed layering, and spaced cleavage; 
-zones of highly fractured rocks; 
-zones of cataclasite, with local pseudotachylite, which are crudely spaced about 1200 m 
apart; and 
-the overall distribution of metamorphic and alteration minerals such as staurolite, garnet, 
tourmaline, green muscovite, kyanite, and rarely andalusite, collectively within and 
outside of the zone of pervasive alteration spatially associated with the Hemlo gold 
deposit. 

Some amphibole-rich rocks with feldspathic fragments are interpreted to be "mafic 
conglomerate". Alternatively, these relatively thin units may represent: clastic rocks that had an 
iron carbonate matrix, such as the amphibole-rich layers may have had; clastic rocks that 
underwent some type of alteration; or cataclastic breccias (as suggested by Mann, 1986), albeit 
much older than the D4 breccias. 

The complexity of lithologic subunits and structural features is only slightly apparent at the main 
map scale of 1:5000. The zones of high strain, fracturing, well-cleaved rocks and, to some 
extent, cataclasite, are not readily traceable from trench to trench, at the present trench spacing. 
Mann (1986) determined that hthostratigraphic correlation was difficult or impossible. The scale 
of 1:1000 underscores the interpretation that the units shown on the main maps are lithotectonic, 
and consist of notably tectonized rock types. More detailed maps for specific outcrops within 
the immediate vicinity of the Hemlo gold deposit indicate greater complexity, which is, in.turn, 
illustrated further by even more detailed sketches or photographs of specific features in an 
outcrop: an almost fractal relationship. 

At the time of mapping, there were no ore zones known to the author within the area shown on 
the Golden Sceptre property trench map. It is apparent that the alteration spatially associated 
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with the Hemlo gold deposit is considerably more extensive in areal distribution than is any 
significant mineralization. 

Sparse sampling of altered rocks on the Golden Sceptre property suggests that pervasive and 
vein-like sodic alteration has taken place, except in mineralized rocks which are associated with 
potassic alteration. 

North Zone/South Zone/C Zone Area 

The detailed map of the Golden Sceptre property North Zone/South Zone and Williams property 
C Zone area (see Figures 24A and 24B) covers a strike length of 1.25 km from line 28W on the 
Golden Sceptre property (Imperial grid measurement) to line 3+50E on the Williams property 
(metric grid measurement). This area incorporates the west end of the Hemlo gold deposit. 
Here, the Hemlo gold deposit is manifest as many mineralized zones, several of which are ore 
grade (see Structural map, scale 1 5000). 

Many of the same general types of features present in Figures 23 A and 23B are also evident in 
Figures 24A and 24B. On the periphery of the North Zone (see Plate 8a), layering is easily 
recognizable, locally, and the overall structural configuration is S 2 foliation counterclockwise 
with respect to S j layering. Within the zone of alteration, layering is locally preserved (see Plate 
8b). The widespread alteration, relative to the quite restricted extent of ore-grade mineralization, 
illustrates that alteration itself does not necessarily equate to the presence of gold. 

Alteration can be characterized as pervasive, with variously developed intensities of 
feldspathization, and/or biotitization, or intense and vein-like feldspathization (see Plates 8b to 
80- Some zones of vein-like alteration contain pyrite, as indicated by rusty weathering, and may 
be auriferous (Plate 8c). Sets of vein-like alteration have produced various configurations, from 
irregular to blocky patterns (Plates 8d to f) 

Staining of pervasively feldspathized ± biotitized hand specimens from the North Zone area 
indicates very little potassium feldspar. Whole rock geochemistry of several specimens indicates 
a sodic alteration and/or potassic depletion has taken place (Tables 4A and 4B). 

The actual ore zones, as shown on the structural maps (scale 1:5000), were not known to the 
author at the time of mapping. Mineralization within the North Zone is characterized by a 
"stockwork" of vein-like alteration consisting of feldspar and biotite in which green muscovite, 
gold, and molybdenite are present (Kusins et al. 1991). This "stockwork", without green 
muscovite, molybdenite, and possibly gold, extends will beyond the limits of ore grade 
mineralization (see vein-like alteration symbols). Potassium feldspar (microcline) has been 
noted in stained handspecimens from the subsequently outlined and mined out North Zone #1 
and #2 ore zones (Mark Smyk, personal communication, 1992). This relationship further serves 
to emphasize the important spatial association between potassic alteration and gold 
mineralization. 

The orientation of some of the straighter segments of vein-like alteration is worth noting. 
Locally, intersecting fractures, along which alteration has taken place, form diamond-shaped 
"blocks". The "veins" are commonly parallel or subparallel to other fabric orientations or 
layering in the adjacent rocks. The strikes of sets of "veins" (up to 4), at a given location (e.g., 
Plate 8d) are commonly oriented at multiples of about 20° from each other, although the 
absolute azimuth may range from 10° to 20° from place to place. Most of the orientations span 
an azimuth from 250" to 310°. Progressive spreading of alteration along fractures leads to the 
appearance of a breccia (Plates 8e, 8f). Possible late alteration occurs along some northerly 
striking fractures. 
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The South Zone of the Golden Sceptre property is on strike with the main C333 subzone of the 
Williams property C Zone (see section on Williams property orebodies). Within 1 to 3 m wide 
trenches, pyritization, and presumably auriferous mineralization, appears to occur in tabular 
zones that are parallel to subparallel to the predominant fabric (See Plate 9a). Larger stripped 
areas locally show a complex distribution of quartz-plagioclase-phyric fragmental rocks, 
"massive" quartz-plagioclase porphyry, and locally, sedimentary units (Plate 9b). Significant 
variations in types and intensity of alteration also add to the complexity. In addition to 
feldspathization and biotitization, there is irregularly distributed, disseminated, secondary 
carbonate. Feldspathization occurs as both pervasive and, locally, intense vein-like alteration, 
with or without pyrite. Locally quartz-subporphyritic dikes cut the "massive" quartz-plagioclase 
porphyry. 

Some of the contacts between porphyry and fragmental rocks, as seen in the South Zone, appear 
to be intrusive (Plate 9b), although displacement along some contacts is evident and the primary 
configuration of some of the units is equivocal. Wedges of various rock types are common: 
some appear to be due to tectonic juxtaposition, others to intrusive discordancies. The dike-like 
body of porphyry in Plate 9b, for instance, pinches out just past the view of the photograph. 
Some of the pyritized zones are irregular in shape whereas others are tabular to vein-like and 
occur along fractures and/or shears mat are at an angle of 10° or more, clockwise and 
counterclockwise, relative to the predominant fabric. The tabular zones occur in both fragmental 
and porphyry units and commonly consist of altered rock that has a sugary texture. Some of the 
zones, with or without pyrite, have a chalky weathering appearance. 

The trenches within the C Zone area, on the Williams property, are largely no longer in 
existance, except for the trench on line 0+50E. These trenches were mapped in the earlier stages 
of the project Most of the exposure is within the QFPC, although line 2+00E extends into the 
hanging wall rocks and includes apparently unaltered fragmental rocks and feldspathic arenite. 
The approximate outlines of some of the ore zones are indicated, as is the approximate position 
of 2 detailed outcrops: the C Zone west outcrop and the C Zone east outcrop, described below. 

C Zone West Outcrop 

The C Zone west outcrop (see Figures 25A to 25D) is located about 200 m east of the west 
boundary of the Williams property, and is about 120 m north of the C Zone test pit (see: Map, 
scale 1:5000; Detailed trench map of North Zone--C Zone; STOP 35; Muir 1991). The rocks are 
considerably altered and deformed. Therefore the identification of protoliths is, at places, 
notably interpretive. 

The majority of the outcrop is interpreted to consist of fragmental rocks, some of which are 
heterolithic (see Plate 9c), with various amounts of quartz and plagioclase phenocrysts. These 
rocks may represent pyroclastic deposits. The remainder of the outcrop consists of wacke (see 
Plate 9d), lithic wacke, and conglomerate. Locally preserved, folded layering, which is 
commonly oriented at a relatively high angle (see Plate 9e), counterclockwise to the predominant 
fabric (cf. North Zone), generally suggests that the units are near the nose of a fold. However, 
there are several changes in rock type that occur across predominant-fabric-parallel, planar 
schistose zones (Figure 25A), which indicates that the layering of the fold is disrupted. 

Four dikes, parallel to the predominant fabric, and representing 3 different varieties of intrusion, 
are present in this outcrop. As with the C Zone east outcrop, it is unclear whether any of the 
dikes are altered. However, the 2 dioritic dikes are different along strike in that they tend to be 
more schistose and biotite rich, at the expense of chlorite and locally muscovite, beyond 5 to 10 
m from the contact with the diabase dike. 
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Numerous schistose planar zones and planar features reflect various types of strain. Planes at a 
low angle to the predominant fabric suggest ductile strain (i.e. schistose fabric). Not clear is 
whether this is related to D2 and/or D3. More often than not, no sense of displacement across 
these planes could be determined, largely because of the cumulative effects of strain and 
alteration and the lack of definitive markers. Planes at a high angle to the predominant fabric 
tend to be discrete planar features and appear to be relatively late as they are not buckled or 
otherwise offset. Faults along which apparent displacement is observed, be it low-angle or high-
angle to the predominant fabric, invariably give a dextral sense. 

Pervasive alteration, notably feldspathization and to a slightly lesser extent biotitization, appears 
to have affected the entire outcrop area. The approximate distribution and intensity of alteration 
types is indicated in Figures 25C and 25D. There is a crude spatial association between areas of 
chloritization and carbonatization. Biotitization appears to be absent in the contact area of the 
diabase dike where the dioritic dikes are chlorite bearing. 

Vein-like alteration is manifest locally by different characteristics as shown in Figure 25B. Most 
of the iron carbonate "veins" occur within the zones of pervasive carbonatization. Pyrite-bearing 
"veins" occur in the south half of the outcrop in the area that contains the molybdenite-bearing 
"veins". This area is part of the "C-145" lens (as defined by staff of Williams Operating 
Corporation). 

Some of the planar vein-like features locally occupy schistose planar zones that are parellel to 
the predominant fabric. Other vein-like features are parallel to subsidiary fabrics that can be 
observed nearby. The various types of vein-like alteration, interpreted in the field, also show 
that pyrite and/or molybdenite are present within some of the "veins". These above features 
suggest that there has been some structural control on these types or stages of alteration and 
mineralization. In some cases, the vein-like features have been dextrally offset 

Locally, intersecting sets of vein-like alteration have produced a diamond-shaped or 
parallelogram pattern, similar to parts of the North Zone of the Golden Sceptre property. 
Generally the pattern is not as regular as that on the Golden Sceptre property. Some of the vein
like alteration, striking approximately at 250°, is parallel to layering-controlled feldspathization 
in the metasedimentary rocks. 

Numerous quartz pods and relatively few quartz veins are irregularly distributed throughout parts 
of the outcrop. A few veins show evidence of buckling or dismembered "S" asymmetry folds, 
but most are oriented parallel or subparallel to the predominant fabric (So?). Incipient alteration 
around a small quartz pod and along cleavage adjacent to a muscovite-fifled dilatant fracture 
demonstrates how some of the alteration spread. This observation constrains the timing of this 
alteration with respect to development of this cleavage (Plate 9f). Biotite has been destroyed 
within an envelope around the quartz pod and medium- to coarse-grained muscovite has formed 
within the envelope. The orientation of the main fabric in the metasedimentary host rock within, 
and away from, the alteration envelope indicates rotation of the quartz pod in a clockwise 
direction. 

Figure 25B shows the orientations of various fabrics or structures measured at several places on 
the C Zone west outcrop. The fabrics and the vein-like alteration features are oriented parallel to 
various other features in the outcrop such as planar schistose zones, faults, fractures and, in some 
cases, layering. 

About 60 m north of the C Zone west outcrop, within what is now the C Zone backfill quarry, 
was an exposure showing the relationship between folded, pervasively feldspathized and 
biotitized clastic rocks, a plagioclase-phyric dike, and vein-like feldspathization (see Plate 10a). 
The vein-like feldspathization strikes at about 290°. The S2 axial planar cleavage and dike 
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strike at about 275°. Some of the vein-like alteration contains pyrite along the central fracture 
(see Plate 10b). 

About 170 m east-southeast of the C Zone west outcrop, are locally altered wacke units. Evident 
is layer-parallel feldspathization along S-folded layers, striking at about 275°, cleavage-parallel 
feldspathization (minor) at about 285", and vein-like feldspathization striking from 295° to 315° 
(see Plates 10c to lOe). Alteration adjacent to some quartz veins contains up to several minerals, 
including kyanite and andalusite (see Plate lOe). 

The following data summarize the salient structural features of the C Zone west outcrop: 

250°/72° 
260°/77° parallel to long dimension of fragments (horizontal surface) 
050°, 080° axial planar to F 3 folds 
270°/55°, 290°/73° 

vein-like alteration; most are feldspar rich 
260°/75°, 280°/75°, 300°/74° 

vein-like alteration; some are carbonate rich 
265°-290° planar schistose zones (with or without apparent displacement); some are 

associated with pyrite ± Au?, some with molybdenite ± silicification? 
328°/58° elongation lineation of fragments 
070° rare, relatively long quartz vein orientation 

C Zone East Outcrop 

The C Zone east outcrop (Figures 26A and 26B) is situated about 200 m east-southeast of the C 
Zone west outcrop and lies completely within the Quartz-feldspar-porphyritic complex (QFPC) 
(see also STOP 34; Muir 1991). This exposure is on strike from, and about 400 m to the east of, 
a 2772 Ma (Corfu and Muir 1989a), quartz-feldspar-porphyritic rock. The outcrop encompasses 
part of the main subzone of the C Zone, the "C-333" zone. 

Most of the outcrop appears to be quartz-plagioclase porphyry, but there are numerous places 
where fragments can be identified despite the moderate to strong degree of alteration (see Plate 
1 la). The alteration, however, does tend to obscure the fragments and it is possible that the 
distribution and abundance of fragments are more extensive than indicated (Figure 26A). An 
outcrop of considerably less altered fragmental rock, located about 75 m west-northwest of the C 
Zone outcrop, displays textural varieties of porphyritic and non-porphyritic fragments. The 
porphyry in die C Zone east outcrop may represent, at least in part, pyroclastic deposits. 

An unusual, lensy, fragmental-looking zone extends across much of part of the northern third of 
the outcrop (Figure 26A). The zone displays irregularly-shaped "lenses" consisting of chlorite + 
sericite, which locally appear to have been derived from incipientiy dismembered, transposed 
layering. Pyritization is significant in part of this zone. The distinctive zone may be largely a 
result of primary features, or a product of alteration and/or deformation. 

Over a dozen dikes, representing 7 different varieties, are present in this 60 m x 60 m outcrop. 
The dikes are variably foliated and strike parallel to the main fabric, which is at about 275° to 
280°. A relative age relationship could be established between only 2 dikes: namely a dioritic 
dike intruded by an Archean biotite lamprophyre with feldspar phenocrysts. Otherwise, on the 
scale of the outcrop, the dikes are parallel or subparallel. A couple of rare quartz-plagioclase-
phyric dikes are present These dikes are roughly on strike from, and about 400 m to the east of, 
a quartz-feldspar porphyritic dike that was dated at either 2684 Ma or 2695 Ma (geochronologic 
problems not resolvable; Corfu and Muir 1989a). 

SQ/SJ 

s 2 

AV f 

AV„ 
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A weakly foliated, plagioclase-subporphyritic dike is present within somewhat schistose, 
feldspathized, sericitized, pyritized, quartz-plagioclase porphyry. This dike does not show any 
obvious signs of alteration and is foliated, but not schistose. First appearances suggest that the 
dike had intruded altered country rock. However, the dike contains about 10% secondary 
microcline. Thus, it is unclear whether the apparently less permeable felsic dike may have been 
in place before alteration, remaining relatively chemically inert during the alteration, or whether 
the microcline developed during metamorphism from fluids circulating in an already potassic-
rich environment 

A few of the dikes have undergone boudinage followed by shortening. The shortening is evident 
by the presence of F3 folds with axial planar S j crenulation cleavage that occupy many of the 
necks (Figures 26A and 12). The more mafic dikes display the effects of ductile, dextral shear 
and concomitant changes of mafic minerals to phyllosiucate minerals (biotite and chlorite). 

The varieties and general distribution of alteration are depicted in Figure 26A. Various 
intensities of alteration have affected the rocks. For instance, moderately intense 
feldspathization and, to some degree, pyritization, occur along predominant-cleavage-parallel 
zones within which are vein-like zones of intense feldspathization (see Plate lib). 

Significantly silicified and microclinized rocks containing molybdenite and pyrite spatially lie 
within microclinized quartz-plagioclase porphyry (see Plate 1 lc). Textures in the mineralized 
rocks reveal: irregularly distributed and preserved(?) subtabular zones of microclinized rock, 
rarely displaying any phenocrysts, within; very fine- to fine-grained quartz, which contains very 
fine-grained molybdenite and fine-grained disseminated pyrite. The disseminated pyrite is also 
distributed along some fractures. The textural association between microclinized rock and 
quartz-rich rock suggests that the silicification occurred wholly or in part after the potassic 
alteration. Elsewhere, silicification occurs as planar, almost dike-like zones within the QFPC. 

Vein-like alteration is similar to that present in the North Zone area, although perhaps less 
abundant. Similarities between the orientation of the vein-like alteration and the orientations of 
various fabrics (Figure 26B) suggest a structural control during this stage of alteration, as occurs 
in the C Zone west outcrop. Locally, some of the "veins" have been deformed by D3 and 
intersected by quartz veins. 

Pink alteration, interpreted to be hematization, appears to be restricted to the areas in, and 
around, the 2 intersecting dikes. Locally the hematitic alteration appears to have affected the 
dike and thus, either is synchronous with, or post-dates, intrusion. Pink alteration, also 
interpreted to be a result of hematization, occurs underground locally within more extensive 
areas of the QFPC. Some microclinized quartz-plagioclase-phyric fragmental rocks from 
underground workings indicate no correlation between pink or white fragments and the amount 
of microcline. 

Quartz veins and/or stringers are ubiquitous throughout the outcrop, although the abundance and 
form varies from place to place (Figure 26A). In a few places, the host rock has been brecciated 
and the matrix consists of quartz (see Plate 1 Id). Many of the country rock fragments within the 
quartz breccia are angular, which suggests brecciation occurred after significant ductile 
deformation. However, elsewhere, the fragments are aligned and possibly deformed. The most 
extensive veining occurs slightly to the north of the central part of the outcrop, within a crudely 
tabular zone. Various veins locally show buckling, "Z" or "S" asymmetry folds, or 
dismemberment. Others have been offset slightly along one or more planes that are parallel to 
the predominant fabric. Some deformed veins have been cut subsequently by veins which show 
much less strain. 
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Fabrics in the C Zone east outcrop are given in Figure 26B. Some of the schistose biotite 
lamprophyre and schistose mafic dikes display up to 3 fabrics, which, by relative deflections, 
appear to be consistent with s-c-c' fabrics developed during ductile dextral shear. Relatively late, 
norm-northwest-striking, and north- to norm-northeast-striking sets of brittle fractures occur in 
irregularly shaped, but possibly structurally controlled zones in the central part of the outcrop. 

The following data summarizes the salient structural features of the C Zone east outcrop: 

S a 272° various fabrics - sericite 
SK 282^ sericite 
S^ 290°/70° sericite (locally within AV 320°) 
So 264°/82° sericite; crenulation fabric 
S39 258°/80° sericite 
L r a ~074°/51° crenulation lineation 
AV 262°, 279°, 292°, 320° 

vein-like alteration 
C E 260°,311 o/70° 

relatively early fracture sets (with or without displacement) 
C L 004°/77°, 210°/61° 

relatively late fracture set (with or without displacement) 

Fabrics within mafic dike: 
Sa. 273°/70° chlorite 
Sa^ 284°/69° chlorite 
Sal' 308°/75° chlorite 
L T 102°/10° slickenside 
VQ 000°, 020°, 060°, 090° 

generalized quartz vein orientation (steeply dipping) 
Lg 236° glacial striation 

Heritage Outcrops 

The Heritage outcrops (Figure 27) are located about 250 m west-northwest of the Williams Mine 
main headframe. The outcrops, physically divided by a lineament, are described separately as 
east Heritage outcrops and west Heritage outcrops (see also, STOPs 33A amd 33B respectively; 
Muir 1991). Although most of the eastern Heritage outcrops are now covered, the remaining 
parts of the outcrops display significant examples of lithologic, structural and, locally, alteration 
features. The features described in this section are based on the exposures present at the time of 
mapping. The detailed mapping also shows the general distribution of muscovite ± tourmaline ± 
kyanite within quartz pods. 

East Heritage Outcrops 

A general view of the south half of the east Heritage outcrops is shown in Plate 1 le and displays 
the following: 
-a deformed, altered, "footwall", quartz-plagioclase porphyry; 
-a composite, highly altered and deformed zone consisting, in part, of mineralized rocks; and 
-a "hanging wall" section of tightly folded mixed metasedimentary rocks consisting of wacke 
and granule and pebble conglomerate. 

The north half of the east Heritage outcrops (now covered over) displayed tightly to isoclinally 
folded, locally transposed metasedimentary rocks that are roughly equivalent to the rocks 
exposed in the west Heritage outcrops. The north part of the east Heritage outcrops showed 4 
folds, with alternating east and west closures. Incipient alteration was observed in a few places. 

80 



The sericitized and microclinized, footwall quartz-feldspar porphyry, which displays internal 
folds (F2?), is interpreted to consist, in part, of pyroclastic rocks. The structurally overlying, 18 
m thick section of folded, transposed, highly altered, and mineralized rocks in the east Heritage 
outcrop may be the mineralized, updip equivalent of the Williams Mine B Zone (see Figure 21), 
although the two packages of mineralized rocks have not been demonstrated to be connected to 
each other (A. Guthrie, personal communication, 1989). 

Based on surface exposures, the mineralized section in the Heritage East outcrops is similar to 
the A Zone section, in that it has upper and lower pyritized zones. The upper contact of the East 
Heritage outcrop alteration zone is fault bounded, and it appears that the same may be the case 
for the A Zone. 

Alteration within the 16 m thick zone includes feldspathization (microclinization, and quite 
possibly albitization), sericitization, pyritization, and what appears to be silicification. This zone 
is subdivided as follows (see Figure 27): 

1) the lower part of the zone of pervasive alteration (5 m) is characterized by 
microclinized, pyritized, and silcified(?) rocks locally containing gold and very fine
grained, visible molybdenite; 
2) the central part of this zone (9 m) is fault bounded (both contacts) and characterized by 
feldspathized (possibly albitized), and biotitized rocks. This part also contains locally 
developed, "lenses" of feldspathized (generic), sericitized, and pyritized metasedimentary 
rocks; 
3) the upper part (2 m) is characterized by feldspathized (generic) and pyritized rocks. 

Microcline porphyroblasts occur within the upper and lower limits of pervasive alteration. 
Numerous, relatively large, complexly shaped, folded, and dismembered quartz veins lie within 
the central zone of rocks, and in adjacent, structurally lower, feldspathized and at pyritized rocks 
(Figure 27). 

The 16 m thick zone of altered rocks is in sharp, faulted contact with the hanging wall 
metasedimentary rocks, which are locally partly altered and tightly to isoclinally folded. Some 
type of heterogeneous alteration (feldspathization?) has affected many of the metasedimentary 
rocks. Considerable attenuation of layering within parts of this zone is evident from some 
boudinaged amphibole-rich layers and quartz veins. Clockwise rotation of quartz pods is evident 
(see Plate 1 If). Locally, F^-folded quartz veins and SI and S2 cleavages are present (see Plate 
12a). Elsewhere in the Heritage east outcrops, many of the quartz veins are relatively planar, 
straight, and east-striking. 

The hanging wall rocks to the zone of alteration and mineralization were intruded by a xenolith-
rich, net-veined(?), gabbroic dike, and subsequently by an aphyric intermediate dike (Figure 27). 
A swarm of felsic granitoid dikes has intruded the north part of the south half of the east 
Heritage outcrops. The quartz-feldspar porphyritic footwall unit was intruded by dikes of 
intermediate composition. 

The following data summarizes the salient structural features of the east Heritage outcrops: 

feldspathic metasedimentary rocks 
stripey cleavage 
altered rock in mineralized zone 
altered rock in mineralized zone 
altered rock in mineralized zone 
tourmaline lineation 

Si 293°/74° 
So 287°/75° 
S i ? 265°/70° 
sZ% 275°/63° 
Sirh 320°/76° 
i i : * 323°/55° 
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348°/51° 
047°/76° 
081°/34° 

elongation of clasts in conglomerate 
crenulation (sericite) lineation 
retrograded feldspar(?) porphyroblasts 

077°-128°/50° } fold axes 
feldspar porphyry dike (from swarm) 
generalized quartz vein orientation (steeply dipping) 

291°/80° 
090±5° 

West Heritage Outcrops 

The west Heritage outcrops display the best exposed examples of isoclinal folds that are readily 
accessible in the Hemlo gold deposit area, along with examples of transposed layering and 
"strike slip" faults (Figure 27). Irregularly and variably developed feldspathization and/or 
biotitization is present in much of the outcrop, as it was in the north part of the east Heritage 
outcrops. Pebble conglomerate units, for example, range from felsic to intermediate in matrix 
composition across irregularly shaped, diffuse boundaries that are independent of layering. 

The outcrop consists mostly of a mixture of metasedimentary rocks such as wacke, arenite, 
siltstone, and pebble conglomerate, and numerous amphibole-rich layers. Some arenite or wacke 
layers within the northernmost fold are garnet- and/or staurolite-bearing. Some of the 
conglomeratic units show asymmetric distribution of lenses within layers, which reverses about 
the fold axes. This is interpreted to represent grading of clasts. If the grading was normal, the 
northeast limbs are overturned, which is consistent with sparse evidence for the large, Williams 
property F2 fold. 

The rocks have been intruded by a swarm of felsic granitoid dikes. The same swarm is no longer 
exposed in the east Heritage outcrop. The granitoid dikes post-date F2 folding and display 
muscovite poikiloblasts. 

Three, tight, F2 folds are well exposed in this outcrop. These folds are associated with a well-
developed, axial planar, S2 cleavage with local, attendant transposition and disruption of 
layering, particularly in the noses of the folds where amphibole-rich layers have become 
pseudofragmental rocks (see Plate 12b) and where horsetail structures (e.g., Plate 12e) are 
locally developed. 

Among the various rock types, considerable variation in response to strain is represented by 
layering characterisitics. Some layers are considerably modified by differentiated layering 
related to the development of S2 cleavage (see Plate 12c). The behaviour of lithologic layers 
and differentiated layers in this case can be compared to the style of layering displayed within 
the C Zone west outcrop, at a scale an order of magnitude larger. Other layers have been 
dismembered and/or transposed, particularly in the noses of folds (Plate 12d). Configurations 
produced in these cases, can be compared to the pattern of units depicted at the detailed map 
scale (1:5000), at more than 3 orders of magnitude greater. 

In the nose of the northernmost fold (Plate 12b), staurolite occurs within grey weathering rock. 
This rock represents the remnant part of the metasedimentary unit that has been unaffected by 
alteration (bleaching) that has occurred along multiple, centimetre-spaced S 2 cleavage planes. 
Timing of the formation of the staurolite crystals relative to the development of 
cleavage/alteration is equivocal. 

Apparent dextral displacement, subparallel to the fold limbs and up to 45° counterclockwise to 
layering is evident Smaller-scale, apparent sinistral displacement is present along faults of short 
extent, oriented about 30° counterclockwise to layering. 
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Locally, spaced, S 2 cleavage planes display minor "S" asymmetry folds, which are present on 
both limbs of one of the east-closing F2 folds (Plates 12d and 12e). One explanation for this is 
folding of the cleavage infillings during progressive tightening of F 2 folds. Another explanation 
is that some of these folds may be refolded Fj folds. If this is the case, some of the west-closing 
"F2" folds may show "Z"-folded "S2" cleavage. Such features were not noted, however. This 
aspect should be investigated further. At least 2 other cases of "S"-asymmetry folds in S2-like 
cleavage were noted earlier during the project. No examples of "Z"-folded S2-hke cleavage 
were observed. 

A zone of incipient alteration is present in the south end of this exposure, which is approximately 
on strike from the main zone of alteration/mineralization in the Heritage east outcrops. Quartz + 
tourmaline alteration and quartz + muscovite + kyanite pods are present here, but also occur 
locally in other parts of the Heritage outcrops. Locally, vein-like feldspathic alteration occurs 
(see Plate 12f) in which apparent dextral offset of the "vein" has occurred, either from actual 
displacement, or removal of material due to pressure solution. 

A north-northeast-striking, bifurcating, Proterozoic, biotite + pyroxene lamprophyre dike is 
present in parts of recessively weathering fractures in the east part of the outcrop. 

The following data summarizes the salient structural features of the west Heritage outcrops: 

The A Zone pit measures about 275 m x 105 m and was mapped in a relatively short time, 
shortly before open pit operations began in September, 1985. Open pit mining operations ceased 
by July 1986. The rocks exposed by stripping, before excavation began, revealed a large-scale 
picture of the footwall, hangingwall, and mineralized zone relationships. A highly generalized 
diagram of the A Zone pit area is presented in Figure 28. The detailed version of the map is 
shown in Figure 29. The approximate present outline of the A Zone pit is indicated (see also 
STOP 21B; Muir 1991). 

A general view of the exposed area before excavation is shown in Plate 13a and a view after 
excavation is shown in Plate 13b. The footwall rocks consist of quartz-plagioclase porphyry 
which showed no unequivocal fragmental features or layering. The porphyry was 
heterogeneously altered and deformed. It was mostly felsic in composition but zones 
intermediate in composition occurred within a crudely 10 m thick zone, which formed the upper 
contact of the porphyry body. A few lens-shaped areas are indicated where the porphyry has a 
pale pink colouration, considered to be an example of hematization occuring within parts of the 
QFPC, spatially associated with the Hemlo gold deposit Locally the porphyry was weakly 
foliated but generally the sericitic foliation ranged from moderately well developed to locally 
well developed. 

The hanging wall rocks mostly consisted of variably folded and transposed, feldspathic wacke 
with interlayered arenite, siltstone, and amphibole-rich layers. Away from the orebody, there are 
tight to isoclinal folds (Plate 13c), similar in style to folds in the hanging wall rocks at the 
Heritage outcrops. Near the ore zone, layering in the metasedimentary rocks is transposed and 
intrafolial or rootless folds are evident (Plate 13d). Both the quartz-plagioclase porphyry and die 

?2 j i o /o^ 
Vq 090±5° 

293°/66° to 303°/73° north limb, E-closing F 2 fold 
2 7 9 0 / 7 3 0 1 0 282°/81° south limb, E-closing F 2 fold 
287°/78° generalized due to variations throughout outcrop 
257°/66° 
316°/62° 
090±5° generalized quartz vein orientation (steeply dipping) 

A Zone Pit Area 
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metasedimentary rocks locally display mylonitic fabrics, mainly indicated by flattened quartz 
phenocrysts and anastomosing fabrics. 

Sandwiched between the the footwall and hanging wall rocks was an irregular, 15 to 30 m thick 
zone that consisted of highly altered and deformed, mineralized, and locally oregrade rocks of 
various protoliths. Most of the highly feldspathized rocks are of equivocal origin although 
pockets of less altered rocks and the general distribution of recognizable features suggest that 
these rocks are of sedimentary origin. Peripheral to much of the highly feldspathized rocks are 
various types of schist 

Along part of the upper contact of the QFPC, there is a deformed, westward-thinning "wedge" of 
clastic- or fragmental-appearing lensy rock. This unit is subdivided into biotitic and sericitic 
subunits. Lenses (clasts or fragments?) consist of feldspar- and possibly quartz-feldspar-
porphyritic rock, feldspathic rock, and biotitic and locally chloritic rock. The sericitic subunit 
contains green mica lenses instead of biotite and chlorite and appears to be the altered equivalent 
to the biotitic subunit. However, the biotite is likely a product of alteration as the biotite content 
overall is high (up to 30%), and some of the lenses are rich in biotite. The contact between the 2 
subunits is irregular overall and abruptly gradational in detail. The lensy unit is present in all 3 
mines. Although locally mineralized and ore grade, the unit generally has an antipathetic 
relationship with the presence of the main ore zone (Kusins et al. 1991). The origin of the unit is 
equivocal because of the significant degree of alteration and deformation (see Plate 13e). For 
this study, the clastic unit has been tentatively interpreted to have been a conglomerate (see 
section entitled "Biotite-predominant conglomerate and Amphibole-predominant 
conglomerate"). Alternatively, the unit may be a deformed pyroclastic unit It has also been 
interpreted to be a hydrothermal breccia, marginal to a felsic porphyritic intrusion (Johnston and 
Smyk 1992). 

The "ore", as best as could be determined from field mapping, occurs within the pyritized and 
feldspathized rocks. These altered rocks take on a relatively coarse, pseudo-fragmental 
appearance with "clasts" of feldspathized rock and disseminated pyrite, separated by seams of 
pyrite (see Plate 13f). This pseudo-fragmental was deformed during the D3 event Detailed 
sampling shows the ore grade rocks to have had an "H"-shaped configuration, with a bulbous 
central part and 4 tails which formed upper and lower tabular zones (Walford, Weicker, and 
Guthrie 1986). 

Six types of dikes have intruded this outcrop area, 4 of which are Archean in age. Conspicuous 
is a relatively thick, foliated, plagioclase-phyric dike that, although displaying an en echelon 
configuration in places, extends across the entire pit area. "Banding" in this dike, noted near the 
east-southeast end (Figure 29), is a result of several thin, tabular "screens" of country rock 
incorporated within the dike. Native gold is locally found along fractures within an essentially 
unaltered, plagioclase-phyric dike that has intruded the David Bell Mine orebody (sample 
presented by Paul Bankes, Teck-Corona Operating Corporation, personal communication, 1987), 
suggesting that some immobilization has occurred. 

Also notable is a dike swarm of 2680-2690 Ma (Corfu and Muir 1991a) "dioritic" dikes (Plate 
13f) that cut across the ore zone. The dikes are foliated, and although they do not appear to be 
appreciably deformed, altered, or mineralized, they are locally converted to schist and display 
boudinage. Analyses of a few hand specimens indicate that the dioritic dikes and plagioclase-
phyric dikes in the A Zone pit area contain anomalous concentrations of Hg and Sb. It is likely 
that the dioritic dikes post-date much of the deformation associated with nearby folded and 
transposed layering, as well as the alteration associated with the Hemlo gold deposit. The 
dioritic dikes appear to crosscut a folded mafic or mafic to intermediate dike. Mafic and 
mafic/intermediate dikes that have been folded, apparently during D 2 , have been noted 
underground (personal observations; Kusins et al. 1991). In one outcrop, in the south-central 

84 



part of the A Zone pit area, it appears that a mafic dike crosscuts a plagioclase-phyric dike. 
However, more than one age of intrusion for each of these types of dikes has been noted 
collectively throughout the mapping project Therefore, the relative age relationships among the 
Archean dikes is not possible to determine from the few relationships noted in the pit area. 

The dioritic dikes and plagioclase-phyric dikes contain unoriented muscovite poikiloblasts (see 
section on "Metamorphism-Muscovite"). 

Microclinization is pervasive in much of the orebody, accompanied by the introduction of pyrite 
and molybdenite. Sericitization is common, crudely peripheral to the feldspathized rocks. Green 
muscovite is common in the "sericitic fragmental" subunit and in some of the feldspar-sericite 
schists. Biotitization is mostly inferred from the biotite content in the "biotitic fragmental" unit 
Here, biotite occurs in the matrix and forms the major component of some of the lenses. 
Albitization is inferred to occur as a relatively late, fracture-controlled alteration locally 
developed in the hanging wall metasedimentary rocks (e.g. central part of the map, indicated by 
a vein-like alteration symbol). Here, the altered rocks are white weathering and contain up to 
11.0wt%Na 2O. 

There are numerous quartz veins and pods scattered throughout parts of the area, however, these 
veins and pods are too small to show at the scale of mapping. In the ore zone, many of the 
quartz pods and vein boudins are associated with various combinations of cinnabar, realgar, 
stibnite, and molybdenite (see Plate 14a). 

Tourmaline is not uncommon within the felsic quartz-plagioclase porphyry, away from the 
contact with the ore. Scapolite and fluorite were noted, separately, within the "intermediate" 
quartz-plagioclase porphyry and the felsic quartz-plagioclase porphyry respectively (Figure 29). 

In many cases, there are at least 2 fabrics, but commonly these are of undetermined generations. 
At one place, in the hanging wall, it appears that S 2 is oriented clockwise relative to the layering. 
However, folding seen elsewhere in the hanging wall precludes reliable extrapolation to the 
highly altered rocks. F3 fold axes and L3 crenulation lineations are typically east-northeast- to 
east-trending in this area. 

The geology of a short trench on the Teck-Corona property, about 65 m east-southeast of the 
east-southeast end of the A Zone pit wall, is shown in Figure 30 (see also STOP 21 A; Muir 
1991). It indicates how abruptly changes in oregrade alteration/mineralization characteristics 
can occur along strike. These changes emphasize the potentially narrow exploration "windows" 
for ore bodies of this type, despite the large size of the deposit as a whole. 

Outcrops Outside of the Hemlo Gold Deposit Alteration System 

Several other outcrops were mapped in detail during the course of the project Because of the 
geological features which these outcrops displayed, most were stripped or hydraulically cleaned 
to enhance observations. 

Goliath Gold Mines Trench 

A trench on the Goliath Gold Mines (Noranda Exploration Limited) was excavated about 700 m 
north-northwest of Highway 17, at the interpreted contact of the Cedar Lake Pluton (see Figure 
31). Refolded folds in gneissic amphibolite are present as are 2 phases of granodiorite which 
have been intruded by aplite and men by pegmatite. In one case, an aplite dike subsequently has 
been dismembered during ductile dextral shear (Plate 6a). The S 3 foliation is evident within the 
granitic rocks as a faint preferred dimensional orientation of biotite and by an alignment of 
country rock xenoliths. 
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"Mt McKinnon" Outcrop 

Several general features of interest were noted in an outcrop, colloquially termed "Mt. 
McKinnon", which is no longer exposed. The outcrop displayed the contacts between the Cedar 
Creek Stock, feldspathic metasedimentary country rocks, and part of the large diabase dike that 
traverses the map area, west of the David Bell Mine (Figure 32). 

Refolded folds and S-shaped folds are overprinted by S 2 , near the contact with the Cedar Creek 
Stock (Figure 32, Detail A). Deformed apophyses of the Cedar Creek Stock display a cleavage 
which may be an So fabric (Figure 32, Detail B). An open S-shaped fold, in the country rocks 
next to the diabase dike, has affected layering and the S 2 cleavage (Figure 32, Detail C). Z-
shaped, F3? folds are found nearby, within about 3 metres (Figure 32). Some of the apparent 
timing relationships of structural elements, such as the apophysis with possible So cleavage, may 
be due to local conditions that occurred within proximity to the Cedar Creek Stock, and may not 
be directly applicable across the map area. 

Back 40s Outcrops 

The Back 40s outcrops on the Williams property (see Figure 33) has proven to be valuable in 
that several features of importance are displayed (see also, STOP 32; Muir 1991). A reasonably 
detailed outline of a large-scale, northwest-closing, north-northwest-plunging F 2 fold, previously 
interpreted on company maps (Guthrie 1984), was obtained. The Back 40s outcrops lie on the 
northeast limb of this fold. 

The Back 40s outcrops lie about 450 m northeast of the Heritage outcrops and are neither as 
highly strained nor altered. The southernmost and largest of this set of exposures consists of a 
variety of metasedimentary rocks consisting of arenite, wacke, siltstone, and conglomerate-like 
units. Much of the central and southern parts of the outcrops are garnet + staurolite-bearing. 
There are possibly 2 generations of staurolite growth (see Staurolite subsection in 
Metamorphism). There are also numerous amphibole-rich layers, some with internal layering. 
The northernmost outcrop consists mostly of turbiditic wackes, some containing rip-up clasts. 

The S 2 cleavage, which is locally prominant in this outcrop, is oriented clockwise with respect to 
the layering. Several layers have an antipathetic distribution of amphibole and feldspar grains, 
suggestive of grading. These layers suggest that the units are overturned at this location, 
assuming normal grading, but this interpretation is somewhat equivocal. 

Structural features that are important are as follows: 
Fj sheath fold or interference fold; 
Fj isoclines in an unusual, layer-parallel zone of conglomeratic rocks; 
F 2 "S-shaped", parasitic folds with north-northwest plunges; 
5 2 stripey cleavage developed within some layers, and S 2 fabric and clast alignment in others; 
F3 related folds in boudin necks; 
53 fabric occurrence: in F3 folds and boudin necks as a crenulation cleavage; in sericitic layers; 
and associated with pressure shadows around some garnet porphyroblasts; 
NNW-striking fractures and sinistral-apparent faults post-date cataclasite; and 
Two zones of structural disruption or discontinuity. 

The two zones of structural discontinuity occur: at the south end of the southernmost exposure, 
with a conglomerate-like zone; and at the north end of the northernmost exposure. The 
conglomerate-like zone (see Plate 14b), has been interpreted to be folded about the F 2 axis and 
thus predates that fold generation (see detailed maps, 1:5000). The origin of the zone is not well 
understood because the zone displays some features which can be interpreted in a primary sense 
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(e.g. soft sediment slump structures, conglomerate, composite clasts, locally lithic wacke 
matrix), and others in a tectonic sense (e.g. low-angle-to-layering normal or thrust faults, thrust-
tip conglomerate, refolded layering (see Plate 14c)). A combination of ductile and brittle 
deformation along with quartz vein introduction has produced local, complicated layering 
configurations (e.g., Figures 33 and 34). 

The northern zone of tectonic disruption is associated with varieties of metasiltstone and 
amphibole-rich layers displaying discordant layering, disrupted folds, cataclasite breccias and 
sinistral faults (see Plate 14d). The zone passes, along strike, across what appears to be a folded 
contact, into thick-layered, rip-up-clast-bearing metawackes which do not seem to show 
deformation features similar to rocks adjacent and within the same zone. For a more detailed 
description of the two zones, see section on "First Generation Structures: Zones of Tectonic 
Disruption". 

Fine-to medium-grained garnet porphyroblasts are common within many of the lithologic units 
of the southern 30 m of the exposures, including the amphibole-rich layers. Elsewhere, the 
occurrence of garnet in amphibole-rich layers is uncommon. The presence of garnet in the Back 
40s outcrops may be a result of alteration prior to metamorphism. Outcrops in the central part of 
the outcrop area contain garnet and staurolite porphyroblasts. The latter appear to be of two 
generations. The earlier(?) generation is aligned parallel to the S 2 fabric, and is partly 
retrograded to staurolite, quartz, feldspar, and muscovite. The later generation tends to be 
subhedral and relatively fresh. 

Another example of alteration, at least on a more local scale, involves an incipient to well-
developed, stripey, differentiated layering, and locally a development of "lenses", along the S 2 

cleavage in silty and arenaceous layers (see Plate 14e). Here, the textural and mineralogical 
composition of the non-primary layers and lenses resembles the range of compositions among 
silty and arenaceous layers. Hence, some or all of the interpreted feldspathic arenite may 
actually be a result of alteration of wacke and possibly siltstone. This underscores the difficulty 
in distinguishing between originally feldspathic rocks and feldspathized rocks, particularly if the 
latter were initially feldspathic. 

Two gabbro dikes intrude the central part of these exposures (Figure 33). One dike is layer-
parallel and displays boudinage with quartz fillings in the necks. The other dike is slightly 
discordant and, although otherwise similar in appearance and composition, displays back-rotated 
boudins with quartz + tourmaline neck fillings and, locally, bleaching of the country rocks. In 
the southern part of the main outcrop, there is a slightly discordant gabbro dikelet which is 
somewhat similar to the adjacent amphibole-rich layers. 

A relatively late set of north-northwest-striking faults and fractures (Figure 35) has displaced the 
layering in several places with an apparent sinistral sense (see also, Figure 33). 

The following data summarizes the salient structural features of the Back 40s outcrops: 

South part of stripped outcrops 

SA/SI 290°/75° general orientation in outcrop 
SQ/S1 292°/63° north limb o f a F x isocline 
SQ/SJ 288°/60° south limb of same Fj isocline 
5 2 312°-316°/82° range of S 2 overprinting above Fj isocline 
53 275°/73° commonly sericitic 

252°/63° pressure shadows about garnet porphyroblasts: (possibly a later 
development of S3(?)) 

Lpi 321°/67° isocline fold axis 
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Lpjj 290°/47° one hinge of sheath fold/interference fold 
L F 2 311 °/77° parasitic F 2 fold axis 

North part of stripped outcrops 

So/S i 289°/72° tops to south(?): grading and distribution of amphibole 
So 301°/83° 
S3 260°/73° 

Barren Sulphide Zone Area 

The Barren sulphide zone is a notable, sheared, feldspar-sericite schist with pyrite, small 
amounts of green mica, and irregularly distributed, trace amounts of gold. The Barren sulphide 
zone outcrops are heavily weathered. By interpretation, the zone occurs on the southwest limb 
of the large-scale Williams property fold. Although traceable for a relatively short distance in 
diamond drill core (Quartermain 1985), the zone is exposed at only one location, along Highway 
17, about 460 m west of the David Bell Mine turnoff (STOP 14; Muir 1991) where it appears to 
occur at the contact between quartz crystal arenite and pelitic/wacke units with amphibole-rich 
layers. However, another "unit" with some similarities occurs on the northeast limb of the 
Williams property fold, as exposed on Highway 17, about 225 m to the east-northeast (STOP 12; 
Muir 1991). This unit, which is not identical to the Barren sulphide zone rocks, has been 
interpreted to be the folded equivalent of the Barren sulphide zone (Kuhns 1988). However, the 
timing of the folding relative to the pyritization is not established. 

Immediately adjacent to the Barren sulphide zone is a long set of exposures (Figure 36) which 
display, from west to east, variations in degrees of strain and alteration, as well as folds, shear 
fabrics, and a variety of metamorphic mineral assemblages. Although these features are 
described in more detail under STOP 13 in Muir (1991), the salient points are given below. 

The west end of the set of outcrops reveals altered (feldspathized?, pyritized), schistose 
metasedimentary rocks with disrupted layering which has been folded in a chevron or zigzag 
style. Light-coloured competent layers are interpreted to be altered amphibole-rich layers. It 
appears that this alteration may be associated with, and marginal to, that of the Barren sulphide 
zone. Considerable attenuation of layering is indicated by thinning on the limbs of the folds and 
by boudinage of altered amphibole-rich layers and a mafic dike. 

An adjacent zone of less altered and schistose rocks separates the above rocks from open- to 
tight-folded pelites, wackes, and amphibole-rich layers. The transition from "zone" to "zone" is 
relatively abrupt What appear to be alteration rims on the margins of some amphibole-rich 
layers and boudins can be observed for about another 15 m thickness (measured horizontally) 
into the metasedimentary rocks. 

The folds have most characteristics of an F9 generation, although the axes tend to plunge to the 
northeast. Lenses in some layers, possibly from retrograded cordierite, are aligned parallel to the 
axial planar cleavage. 

Several metamorphic minerals are present within these metasedimentary rocks in a variety of 
assemblages. The assemblages were not studied in detail. Minerals present include feldspar, 
quartz, muscovite, biotite, garnet, staurolite, anthophyllite, cummingtonite, sillimanite, 
cordierite, possibly retrograded cordierite (different generation), and retrograded kyanite, as well 
as chloritoid (Muir 1982b; Patterson 1984; Burk et al. 1986; Kuhns 1988). 

The S 2 axial plane orientation of the F9 folds, at 270° to 275°, is uncharacteristically more west-
striking (i.e. counterclockwise) than is the case for much of the Hemlo area, north of Highway 
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17. Various other fabrics, some of them subtle, appear to have characteristics consistent with 
ductile dextral shear judging by relationships involving deflection, backrotation, as well as 
sinuous and anastomosing sericitic and biotitic schistosities. The configuration is complicated 
and the interpretation equivocal given the number of different fabrics and variation in orientation 
of the fabrics from place to place. The F 2 folds in these outcrops may have an overall "Z" 
asymmetry owing to the interpreted posiUon, on the south limb, of the Williams fold. It appears 
that the F 2 folds and the associated axial planar fabric have been overprinted by a dextral shear 
event, which has led to the development of s-c-c' fabrics. 

The following data summarizes the salient structural features of the pelitic/wacke 
metasedimentary rocks: 

SQ/SJ variable within folds; 
S 2 variable within folds; 

S a c 292°/54° 
s £ ' 318°/46° 

260°/? 

Lpo ~043°/49° 
L F 2 ~320°/49° 
L s t ~312°/00° 

-290° away from detectable folds 
generally ~270°/67°, fans from 265° to 275°; 
also biotite, alignment of retrograded cordierite lenses 
locally sinuous, deflects So; biotite 
locally sinuous and spaceot deflects S 2 and S 3^ biotite 
locally backrotated by S3C(?), locally anastomosing with S 2 ; 
biotite 
general F^ fold axes 
isolated F>(?) fold axis 
stretch and/or crenulation(?) lineation, variable, depends on 
reference schistosity, may be shallowly east- or west-plunging 

Hemlo Fault Zone 

The Hemlo fault zone is interpreted to extend across the map area, although it is not everywhere 
well defined because of lack of exposure. Some of the most illustrative exposures of this high-
strain zone occur along Highway 17 between "Fault" Lake and Moose Lake. Two field stops 
representing this zone are presented in Muir (1991): one example of detailed mapping is chosen 
for presentation here. 

Figure 37 depicts one of the larger roadside exposures (STOP 26; Muir 1991). The outcrop 
shows the contact between gneissic feldspathic rocks (likely derived from feldspathic arenite) 
and structurally underlying, gneissic, amphibolitic rocks (likely derived from mafic metavolcanic 
rocks). A pyritiferous gossan lies within the feldspathic rocks at, or near, the contact with the 
amphibolite. 

Two types of mafic/ultramafic schists lie within the gneissic amphibolite. These schists 
comprise chlorite ± tremolite/actinolite, and chlorite + talc ± tremohte/actinolite phyllonites, 
both of which contain sufficient magnetite to attract a hand magnet The schists commonly 
contain undeformed, medium-grained, pyrite cubes (common in similar schistose rocks as far 
away as the Lake Superior shoreline near Heron Bay; Muir 1982a). Based on locally preserved 
segments, the schists are interpreted to have been derived largely from lineated and foliated, 
fine- to medium-grained actinolite-rich dikes. One exposure where this relationship was 
interpreted is located 1.0 km to the west on the north side of the highway at the contact between 
amphibolite and feldspathic rocks. The actinolite-rich dikes are highly deformed within the fault 
zone. They have a composition comparable to picritic basalt (based on Irvine and Baragar 1971) 
or komatiitic basalt (based on Jensen 1976) and contain considerably more MgO, Ni, and Cr than 
the tholeiitic mafic metavolcanic rocks and amphibolite found in the area. Locally, some 
chloritic schists, which have a different colour, appear to have been derived from the gneissic 
amphibolite. 
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The gneissic feldspathic rocks have been intruded by: mafic dikes, presently biotite schists, 
which may have been isoclinally folded and transposed; and numerous plagioclase-phyric dikes 
that are slightly discordant to the gneissosity and display boudinage. Some of the porphyritic 
dikes display fracture and cleavage-controlled hematization, and some show subhedral 
muscovite poikiloblasts. A fine-grained, feldspathic, dike-like body, containing crystals and 
clumps of medium- to very coarse-grained tourmaline, occurs within chlorite + actinolite schist. 
Coarse-grained tourmaline also occurs as clusters or pods in the schists. 

The phyllonites have a variety of fabrics, within and between lozenges, that display deflected 
(i.e. curved), backrotated, and crenulated fabrics, which are interpreted to be a result of D3 
deformation (see also Muir and Elliott 1987). Many of the fabrics appear to be consistent with 
ductile dextral shear (see Hugon 1986). However, the following points should also be made: 

1) The temporal and geometric relationships of fabrics are locally complex and 
equivocal, with some overprinting by another set of crenulation fabrics, possibly due to 
progressive shearing/flattening. 
2) Extension by boudinage, shortening by folding, and undulations in the layers and 
dikes, has occurred in 3 dimensions, resulting in highly variable orientations of lozenges, 
fabrics, and minor fold axes. 
3) The structural history of this area suggests that the D 2 event produced regional folds 
with "S" asymmetry which may have resulted from a component of sinistral shear. 

Therefore, a simple history of movement along this zone of structural discontinuity should not be 
assumed. 

Most measured structures, overall, are quite variable within the outcrop. The following data 
summarize the salient structural features of this Hemlo fault zone exposure. 

Layering 

23c' 

^3c 
L s t? 

-263°/63 0 gneissic 
-312/42° mineral lineation of hornblende and locally tourmaline 
-265°/60° orientation of porphyritic dikes 
-259°/60° chlorite 
-283°/59° chlorite (deflects S 3 c ) 
-243°/640 crenulates above planar fabrics (later overprint?) 
'053°/37° crenulation lineation 
-290°/17° possible stretch lineation 

Highway Zone 

The Highway Zone refers to an erratically pyritiferous and auriferous zone which extends, from 
"Fault" Lake to west of Moose Lake. It is exposed along a strike length of about 1.7 km north of 
Highway 17, about 50 m north of the Hemlo fault zone. It is shown on the map as a thin felsic 
unit Information available to the author, regarding this zone, is sparse because of limited 
exposure and a lack of backup analyses. 

Characteristics of the rocks within the Highway Zone vary considerably from place to place. 
The Highway Zone comprises moderately schistose, felsic, quartz-plagioclase-phyric rocks, 
possibly bona fide, heteroclastic to monoclastic, quartz-plagioclase-phyric, pyroclastic deposits, 
and sericitic schists with vestiges of lenses and plagioclase and/or quartz phenocrysts. Strain 
features within these rocks, such as multiple fabrics, possible transposed layering, and lenses 
created by anastomosing cleavage, are locally intense. Therefore, it is not clear to what extent 
the zone owes its presence to primary depositional features and/or tectonic processes. 

The largest exposure of the Highway Zone (see Figure 38) is located north of the west end of 
"Fault" Lake (STOP 27; Muir 1991). This exposure is particularly useful for at least two 
reasons. It illustrates features that support a primary origin for at least some of the rocks within 

90 



the "zone", and it demonstrates some of the structural complexities that complicate stratigraphic 
reconstruction and interpretation. 

The style of deformation in the outcrop, including numerous discordancies in the layering and/or 
fabrics, illustrates that folding, ductile shearing, and brittle faulting have produced, on this 
mesoscopic scale, a tectono-stratigraphic section rather than a preserved, primary, stratigraphic 
section. Detailed mapping, overall, suggests this style of deformation is represented on a much 
larger scale in the map area. 

The southern half of the outcrop consists of: a zone of slightly rusty weathering, schistose, 
garnetiferous, biotite-quartz-feldspar-bearing metasedimentary rocks, which display thinly 
laminated, tectono-metamorphically modified primary layering; and a zone of feldspathic 
metasedimentary rocks, which display highly cleaved, more widely spaced, tectono
metamorphic layering. The layering, which may be mylonitic, at least in part, reveals sharp, 
tight, and in some cases rootless, "S"-shaped folds (F2?) with later, locally developed, "Z"-
shaped F3 folds. 

The central part of this outcrop consists of what appear to be wedges or lozenges of fragmental 
units, which are juxtaposed and apparendy interleaved with medium to coarse-grained wacke. 
The fragmental rocks can be subdivided, at least locally, on the basis of type, size, and 
abundance of the fragments. The lowest fragmental unit is pyritiferous, rusty weathering, 
quartz-feldspar-phyric, and almost monolithic, although a variety of fragments is present overall. 
Some of the fragments have been converted into 2 or more smaller lenses by the development of 
a sericitic cleavage through them. Some lenses consist entirely of quartz which may indicate that 
some quartz veins have been completely dismembered. The uppermost unit is distinctive for its 
chloritic ± biotitic fragments, many of which display 2 or more "tails". Grab samples from the 
pyritiferous unit returned Au values of <0.01 ounces per ton (Patterson 1986), and 164 ppb (M. 
Smyk, MNDM, personal communication, 1990). 

At the north end of the outcrop, the fragmental units presently lie adjacent to layered, 
feldspathic, volcaniclastic metasedimentary rocks, which display vestiges of F 2 , "S"-shaped 
folds overprinted by narrow, planar zones of F 3 , "Z"-shaped folds. Relatively small lenses of a 
tectonically disrupted unit of schistose, garnetiferous metawacke, illustrate the disruption of 
layering in the northern third of the outcrop (Figure 38). 

Notwithstanding the considerable possibility that sections of rock have been justaposed, there is 
a distinct increase in strain from the north end of the outcrop, with open "S" asymmetry folds, to 
isoclinal and chevron-like "S" asymmetry folds in the south part. This change coincides 
spatially, at least, with increasing proximity to the Hemlo fault zone. The asymmetry appears to 
be inconsistent with development solely by dextral ductile shear (see section on Hemlo fault 
zone). The increase in strain exhibited in this outcrop, from north to south, is similar to that at 
the A Zone (see section on A Zone Pit area). 

Although a few straight quartz veins are present in the outcrop, most secondary quartz occurs as 
knots or deformed veins. The deformed veins range from continuous and buckled, to highly 
dismembered. Brittle faults, which overprint the ductile deformation fabrics, are mostly dextral 
by apparent sense of displacement 

The country rocks are intruded by foliated, medium grey, fine-grained dikes, one of which shows 
tightiy folded internal layering, and by a late Archean diabase dike, which has locally intruded 
parallel to the layering. 

The following data summarize the salient structural features of this Highway Zone exposure. 
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Feldspathic metasedimentary rocks (south part of stop): 
Mylonitic layering 2 7 0 ° / 6 4 ° 
Possible S 2 fabric 2 7 9 ° / 7 4 ° 
Possible S 3 fabric 2 5 3 ° / 7 4 ° 

Metasedimentary schists: 
Mylonitic layering 2 7 5 ° - 2 9 0 ° / 6 0 ° 

Sericitic, quartz-feldspar-phyric fragmental rock: 
Crude layering (SQ/S 2 ?) 2 7 0 ° 
S 2 fabric (alignment of fragments) 2 8 3 ° 
Sericitic fabric 2 5 2 ± 5 ° 

Volcaniclastic metasedimentary rocks (north part): 
SQ/SJ layering 2 7 0 ° / 6 1 ° 
S 2 cleavage (axial planar to "S" folds) 

2 8 0 ° / 6 7 ° feldspathic schist 
2 9 5 ° / 6 7 ° adjacent feldspathic wacke 

So fabric 2 5 5 ° / 6 1 ° in feldspathic schist 
Axial planar (to Fo "Z" folds) S3 2 4 5 ° to 2 5 5 ° 
Dextral brittle-ductile faults 230° , 3 1 0 ° , 3 4 0 ° 

Large-scale F 3 fold 

The Homestake property fold, located just south of Highway 17 about 0.5 km west of the turnoff 
to the hamlet of Hemlo, displays the largest F3 structure, having an amplitude of about 8 m, that 
was identified in the map area. Salient features are presented below: the outcrop is described in 
more detail as STOP 2 9 in Muir (1991) . 

The north end of the outcrop (Figure 39) consists of pillowed, feldspar-phyric, locally, 
amygdaloidal/vesicular flows which are presently alkalic in composition. The pillowed unit 
displays an abrupt change, towards the south, from slightly deformed pillows to moderately and 
highly strained equivalents, within the northern part of the F3 fold. It is not clear whether the 
considerable strain is a result of the D3 folding or whether a zone of heterogeneous, high strain 
formed prior to the F3 fold, as appears to be the case elsewhere in the map area (e.g., A Zone pit 
area; Highway zone outcrop). The highly strained pillows pass (relationship unclear) into a 
volcanic breccia or volcaniclastic unit The fragments in this unit are variably strained, feldspar 
phyric, and appear to be similar in composition to the pillows (pillow breccia?). 

Adjacent to this fragmental unit are "units" of light grey- to white- weathering metasedimentary 
rocks and medium grey metasedimentary rocks. Although the two "units" overall are distinct 
from one another, detailed examination shows that some of the colour differences are locally 
independent of layering. This suggests that at least some of the feldspathic character of the 
lighter weathering unit may be due to feldspathization, a type of alteration common in the Hemlo 
gold deposit 

Locally at, and slightly discordant to, the contact between the fragmental unit and the feldspathic 
metasedimentary rocks is a bleached, rusty weathering, layer-parallel zone that appears to have 
been folded (F3) and is very similar in appearance to some of the alteration zones in the Hemlo 
gold deposit area. A grab sample from this zone returned an assay value of 103 ppb Au and 100 
ppm Mo (M. Smyk, MNDM, personal communication, 1990) . Although the gold value is low it 
is anomalous relative to most other non-mineralized samples analysed for this study: the Mo 
content is distinctly anomalous. 

The remainder of the outcrop consists predominantly of varieties of variably deformed 
metawacke and metasiltstone locally containing sparse garnet ± magnetite octahedra ± 
retrograded, yellowish porphyroblasts, which were possibly staurolite. In the south half of the 
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outcrop, preserved F 2 folds with "S" asymmetry can be seen amongst Fa, locally chevron-like, 
"Z"-shaped folds. In one case, an individual layer displays an Fo, "S-shaped fold adjacent to an 
F3, "Z"-shaped fold, producing an apparent refolded fold in the layering. 

Strain is heterogeneous as indicated by the layering, which ranges from well defined and 
continuous, to wispy and discontinuous, suggestive of transposition. Transposition is also 
suggested by the considerable disruption and dismemberment of quartz veins and dikes 
constrained to crudely defined zones which are subparallel to layering (see Figure 39). 

Several foliated dikes have intruded the metavolcanic and metasedimentary rocks and all of them 
have been affected by the F3 folding. A relatively thick dike, and several narrower subsidiary 
dikes, of Neoarchean, mafic, biotite lamprophyre show diverse textures and, to a lesser extent, 
mineralogy. They locally contain mafic to ultramafic xenoliths, which are locally concentrated 
in zones. The matrix of these dikes is similar to that of intrusion breccia ("diatreme") bodies on 
the Golden Sceptre and Williams properties (see detailed maps 1:5000). Conflicting 
relationships are present, but it appears that these dikes have pre-dated numerous, thin, gabbroic 
dikes which have behaved more competently during subsequent deformation. 

The gabbroic dikes locally display considerable variation in response to strain (e.g. buckling and 
regularly spaced, backrotated boudins), depending on their orientation. A locally developed 
brecciation, involving fragmentation of the main lamprophyre dike and adjacent metawacke can 
be seen in the north part of the outcrop. The breccia matrix is chloritic and foliated. The 
brecciation may be related temporally to the layer-parallel breccias. 

Relatively late, sinistral and dextral, brittle faults have produced minor offsets of layering. Some 
earlier(?), ductile, sinistral-sense movement is indicated by hooked tails on disrupted dikes. 

The following data summarize the salient structural features of the Large F3 fold: 

SQ/S 1: from 285° (local strike) to 340° (on short limb of large Fa fold) 
S 2fahric -305° 
S3 fabric: ranges from strike of 230° to 280°, and dip of 85°N to 85°S (rarely 65° S) 

depending on position within Fa fold 
Fa axis: 068°/72°, 105^/47° various 
Lc crenulation: 096°/62,110°/34°, 265°/60° various 
L 5 boudinage 080°/20° 
Zones of transposition285° to 290° 
Backrotated boudins of mafic dike: 285° (within layering that strikes at 295°) 
General trend of late breccias 225° and 355° 
Late dextral faults 315°, 330°, 345° 
Late sinistral faults 180°, 210°, 225° 

Summary of Salient Features 

Introduction 

The results of this project and work by other geologists has shown that the geology of the Hemlo 
gold deposit area is complex. This section presents a summary of the salient features, including 
empirical observations and interpretations, noted during, or derived from, this mapping project 
The features are relevant to a discussion of the geological events, constraints on depositional 
models, and implications for exploration. Figure 40 represents a tentative synthesis of the 
various geological events that constitute the geological history of the area. 
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Few, unequivocal, primary rock features remain in much of the map area because of the degree 
of deformation, metamorphism, and alteration. Hence, no formal stratigraphic nomenclature has 
been adopted. There is, however, at least locally, a real or apparent continuity to the 
stratigraphy. This is evident from the distribution of the mafic volcanic rocks, the felsic quartz-
plagioclase-phyric rocks, and some coarse clastic rocks, from one part of the map area to 
another. Nonetheless, the terms "upper" and "lower", as used in this report, simply refer to the 
position of a unit or contact relative to the ubiquitous north-dipping units and layering in the map 
area. 

Primary features tend to be most common in the area north of the Cedar Creek fault zone (e.g., 
graded bedding), and locally in the east-striking part of the greenstone belj to the west of the 
Hemlo gold deposit (e.g., pillow tops). The most intensely deformed part of the belt generally 
lies between the Cedar Creek fault zone and the Hemlo fault zone, particularly in the 290°-
striking segment. Insufficient controls on metamorphic grade due to variations in overall bulk 
composition of the rocks precludes denotation of differing metamorphic grades across the fault 
zones. The Hemlo gold deposit and its attendant alteration are confined to the rocks lying 
between the Cedar Creek fault zone and the Hemlo fault zone. Similar, locally developed 
alteration is present outside of this area on a much smaller scale with respect to intensity and 
aerial distribution. 

Rock Types 

The major, metamorphosed, volcano-sedimentary rocks in the Hemlo gold deposit vicinity are 
derived from: 
-felsic, quartz-plagioclase-phyric pyroclastic deposits; 
-subvolcanic(?) quartz-plagioclase-phyric and plagioclase-phyric porphyries; 
-deposits of a variety of reworked(?) felsic (feldspathic) volcanic sediments; and 
-deposits of a variety of immature sediments. 

The quartz-feldspar-porphyritic complex (QFPC) consists of a complex arrangement of the 
pyroclastic units and the porphyries. Quartz-plagioclase porphyry occurs to the east of Botham 
Lake. Plagioclase-porphyry occurs in an area extending from Botham Lake, to the west. 

Outside the immediate vicinity of the Hemlo gold deposit area, but within the map area, are: 
-mafic metavolcanic rocks; 
-immature metasedimentary rocks; 
-feldspathic metasedimentary rocks; 
-various types of schist, gneiss, and amphibolite of uncertain protolith; and 
-granitic bodies (Cedar Creek Stock, Cedar Lake Pluton, Pukaskwa Gneissic Complex) 

Dikes of widely different compositions occur throughout the map area. Dike swarms are 
common in, but not restricted to, the area between the Hemlo fault zone and the Cedar Creek 
fault zone. Mafic to ultramafic dikes occur within the Hemlo fault zone and an additional zone 
in the southeast part of the map area. Most dikes, particularly those of intermediate to felsic 
composition, are parallel to subparallel to the predominant fabric, which in many cases appears 
to be S 2 . A dioritic dike swarm in the A Zone appears to have cut the ore. 

U-Pb Geochronology 

Considerably generalized results and interpretations are as follows (from Corfu and Muir 1989a, 
1989b): 

Zircon: 
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-volcanism in the Hemlo gold deposit area at 2772 Ma, with younger volcanism, about 40 
km to the west, at 2695 Ma; 
-granitic magmatism largely from 2688-2684 Ma, with additional events at 2719 Ma and 
2678 Ma 

Titanite 
-corresponds to (corroborates?) main magmatic event, from 2688 to 2684 Ma, and the 
later magmatic event, from 2778-2676 Ma; 
-also indicates event(s) spatially related to the Hemlo gold deposit, from 2672 to 2670 
Ma 

Rutile and Monazite 
-indicates relatively late event(s) spatially related to the Hemlo gold deposit, from 2650 
to 2630 Ma 

Structure 

Four generations of structural elements are recognized from this study although the existence of 
additional generations is considered likely: 

D j : Small-scale, isolated (remnant?) intrafolial isoclines (Fj); refolded folds about So; and 
layer-subparallel to layer-parallel zones of structural discontinuity which speculatively may be 
the result of early, low-angle thrusting. No S j axial planar fabric has been identified. 

Do: Regional folding of the greenstone belt into small- to large-scale, predominantly "S"-shaped 
folds (F 2 ) which are presently tight to isoclinal; a variety of styles of schistosity and cleavage 
(S 2 ) ; a variety of styles of linear, preferred dimensional orientation of minerals and other 
structural elements (L 2). The overall S-shaped asymmetry of F 2 folds may indicate a 
component of ductile, sinistral shear during D 2 . 

D3: Widespread, but locally concentrated, small- to medium-scale, "Z"-shaped folds (F3); 
widespread, locally penetrative schistosities (S^ , S3 C , S3C>) commensurate with ductile dextral 
shear; a variety of linear elements (L3); and multiple stages of cataclasite and pseudotachylite 
development, possibly during the later stages of dextral shear. 

D4: locally developed dextral and sinistral-sense kink folds (F4); and sets of fractures and faults, 
some of which may be conjugate. 

Tectono-stratigraphic units in this part of the Schreiber-Hemlo greenstone belt strike east in the 
west part of the map area, east-southeast in the central part, and almost east in the east part. The 
majority of the Hemlo gold deposit occurs within east-southeast-striking (-290°) tectono-
stratigraphic units where the highest gold grades and greatest continuity of mineralization exists. 
Notable changes in the style and structural control of mineralization and ore correspond to the 
flexure in the belt, from 290° to 270°, at the western part of the Hemlo gold deposit. 

There are numerous high-strain zones in the map area. The most notable of these are the Hemlo 
fault zone, the Lake Superior shear zone, and the Cedar Creek fault zone. These are delineated 
best where the strike of the tectono-stratigraphic units is east-southeast (-290°). An increase in 
strain, from north to south, can be detected by changes in fold morphology and fabric 
development and orientation, towards all 3 of these zones of high strain. The Hemlo fault zone 
and the Cedar Creek fault zone define an internally constrained block of tectono-stratigraphic 
units. As a whole, mis block has undergone a higher degree of strain than outside of this block, 
as represented by the geometry of various structural elements and more numerous, internal, 
narrower, high-strain zones. The west and east extensions of this block are not well constrained. 
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Some tectono-stratigraphic rock units north of the Hemlo fault zone are distinct from units south 
of this zone, and vice versa. Highly deformed, mafic/ultramafic dikes occur in the Hemlo fault 
zone and in another zone of high strain to the south, which is likely the western extension of 
what is termed the "Cadi Fracture Zone" (Pan and Fleet 1989b; Pan et al. 1991b). 

The areal distribution and characteristics of F^-generation structures suggest that large-scale 
refolded folding may have occurred during D 2 . However, many of the features may have been 
largely obliterated by subsequent strain. The interpreted configuration of the quartz-plagioclase-
porphyritic complex (QFPC) outlines an S-shaped body, possibly representing a large-scale F 2 

structure. Variations in the plunge and strike of L 2 and Sy structural elements, respectively, 
across the map area (Figures 7 and 8) suggests ductile deformation of D 2 features has occurred, 
possibly during progressive D 2 strain, or during D3 strain. Variations in D3 features also 
suggest mat an additional, presently uncharacterized period of deformation may have occurred, 
possibly prior to D4. Progressive deformation during any particular deformation event may 
explain the occurrence of some complicated structures. From this study, the variations in L 2 and 
L3 structural elements do not appear to be systematic across the map area (Figure 8). Hence 
uncertainty remains regarding structural chronology, and the spatial position of the Hemlo 
deposit within any specific structural domain. 

Virtually all units in the map area dip moderately to steeply to the north. The predominant 
facing direction of units north of the Cedar Creek fault zone is towards the south, indicating this 
part of the greenstone belt may be overturned. Also, south-facing pillows are present north of 
the Hemlo fault zone at Botham Lake. However, the facing direction data are sparse and 
complications resulting from possible juxtaposed terranes and large-scale refolded folds make 
extrapolations unreliable. 

The Cedar Lake Pluton, Cedar Creek Stock, and parts of the Pukaskwa Gneissic Complex were 
emplaced prior to D3-related dextral shear. Equivocal evidence suggests that the intrusions 
either post-dated or were synchronous with later stages of D 2 deformation. Dikes are largely 
parallel or subparallel to die predominant fabric in the rocks, which in many cases, but not 
necessarily all, is interpreted to be S 2 . Boudinage, as evidence of D 2 extension, has been 
superposed by shortening and back-rotation which is attributed to D3. In several cases, refolded 
folds in granitic dikelets occur within about 250 m of the large granitoid bodies. These refolded 
folds are not all clearly the result of F 2 folds overprinted by F3 folds, and may represent local 
strain conditions induced at the margins of the plutons. 

Zones of near-layer-parallel cataclasis and pseudotachylite development indicate that shuffling 
of segments of the upper crust has occurred. This provides evidence of further readjustments to 
the highly modified original stratigraphy. Relatively late (post cataclasis/pseudotachylite), 
northwest- to north-northwest-oriented kink fold envelopes and brittle faults (D4), commonly 
display a sinistral sense of displacement Northeast-striking brittle faults tend to display a 
dextral sense of displacement Non-penetrative slickensides within and near the Hemlo fault 
zone are horizontal to subhorizontal and may reflect relatively late strike slip movement in this 
zone. The apparent offset of Mesoproterozoic diabase dikes may represent this additional 
movement, tentatively designated D5 (Figure 40). 

Metamorphism 

Various metamorphic minerals present in the map area are noted below, and pertinent 
morphological or textural relationships are indicated. 

-Garnet and, to a lesser extentstaurolite are the most common metamorphic minerals; both are 
found locally to the north and south of the Hemlo fault zone; 
-Garnet and staurolite locally overgrow the S 2 cleavage; 
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-Garnet and staurolite locally display 2 morphological varieties, possibly representing polyphase 
metamorphism, as follows 
-Garnet: 

1) highly poikiloblastic, irregularly shaped masses; and 
2) weakly poikiloblastic, euhedral crystals 

-Staurolite: 
1) recrystallized(?) polycrystalline aggregrates with quartz + feldspar + muscovite, 
aligned parallel to S?; and 
2) euhedral unaligned crystals; 

-Staurolite locally has overgrown straight layering in deformed metasedimentary rocks, and has 
been rotated subsequently in a clockwise sense in both limbs of F? folds; 
-Garnet locally displays sigmoidal inclusion trails of undetermined* origin; there are reports of 
anti-sigmoidal inclusion trails as well (cf. Hugon 1986); 
-Staurolite locally is aligned parallel to S3 and possibly Li 3; 
-Sillimanite, in the form of fibrolite, is spatially associated with other metamorphic minerals and 
is aligned parallel to S3; 
-Kyanite and, to a lesser extent, andalusite are present in deformed quartz pods and veins that lie 
within the pervasively, or nearly so, altered rocks spatially associated with the Hemlo gold 
deposit; 
-Retrograde porphyroblasts of an unidentified mineral (andalusite?) are locally present in 
metasedmentary rocks, both within and outside of the alteration envelope of the Hemlo gold 
deposit, and are aligned parallel to S3; 
-Anthophyllite and cummingtonite have been noted within the map area: anthophyllite occurs to 
the north of the Hemlo fault zone, and cummingtonite occurs to the north and south of the Hemlo 
fault zone; 
-Anthophyllite and cummingtonite locally display a moderately well defined, preferential 
orientation that trends subhorizontally, or to the northeast to east (possibly L 3 m ) ; 
-Cordierite is present in one locality along with retrograde porphyroblasts lenses of what appears 
to be an earlier generation of cordierite; similar lenses were also noted in a few other places and 
locally appear to be aligned parallel to S 2 or S3; 
-Poikiloblastic microcline occurs in some muscovite schists, within the alteration halo of the 
Hemlo gold deposit, and displays curved inclusion trails; 
-Unoriented poikiloblastic and non-poikiloblastic metacrysts of muscovite occur north and south 
of the Hemlo fault zone, within a variety of foliated country rocks and dikes, but not necessarily 
in both at a given location. 

Tentatively, 2 regional(?) metamorphic events (M^ and M 2 ) are proposed based on the 
morphology of garnet and staurolite, the relationship between layering and staurolite growth 
relative to D 2 and D3, and the development of porphyroblasts during D3. However, none of 
these features unequivocally demonstrates 2 events. A third, relatively widespread thermal event 
(M3) is inferred by the presence of unoriented muscovite poikiloblasts. The metamorphic 
history is discussed in more detail in appropriate sections under "Synthesis" and "Discussion". 

Alteration and Mineralization 

Recognition and identification of the type of alteration was commonly difficult due to the range 
in protolith composition, the range in types and timing of alteration, and the degree of 
deformation. Feldspathization and biotitization have affected many rock types such as: quartz-
plagioclase-phyric pyroclastic units; quartz-plagioclase porphyry; feldspathic and immature 
metasedimentary rocks, of all grain sizes, including those with magnetite-rich layers and/or 
amphibole-rich layers; and, equivocally, some intermediate and/or felsic dikes.TTie following 
types of alteration and mineralization were noted: 

-Alteration spatially associated with the Hemlo gold deposit includes: 
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-predominant feldspathization, commonly as microclinization, and much less commonly 
as albitization; 
-sericitization (retrograde?); 
-biotitization, and locally chloritization (retrograde?) and/or tremolitization; 
-silicification; 
-carbonatization; 
-tourmalinization; and 
-pyritization; 

-Mineralization spatially associated with the Hemlo gold deposit includes: gold, molybdenite, 
vanadian (green) muscovite, cinnabar, stibnite, realgar, chalcopyrite (sphalerite is reported 
elsewhere but was not observed in this study), barite, scapolite, titanite, rutile, calcite, and 
fluorite; 
-Other alteration types that were observed outside of the area affected by pervasive alteration 
include: 

-feldspathization of pillowed mafic volcanic rocks; 
-skarn alteration of mafic-ultramafic rocks; and 
-potassic alteration, epidotization, and hematization in a variety of metasedimentary 
rocks; 

-Pyritiferous zones, evident as gossans, are locally common and are areally widespread 
regardless of rock type. None of these zones were unequivocally folded during D 2 strain. 

The following points may be made with generalization and reservation because of the small 
database: 

-Potassic alteration is spatially associated with gold mineralization, and is most common, at least 
volumetrically, in the central and eastern parts of the deposit; 
-Sodic alteration occurs most commonly in the western end of the Hemlo gold deposit in a 
pervasive form and a vein-like, fracture-controlled form, as well as in the central part of the 
deposit in a relatively late, vein-like, fracture-controlled form; 
-Potassic depletion, locally at least, accompanied sodic enrichment; 
-The vein-like form of alteration forms an apparent "stockwork" that occurs commonly along 
fractures, many of which have orientations corresponding to S i , So, and/or S 3 ; 
-Pervasively feldspathized, and locally biotitized, rocks extendwefi beyond the limit of 
economic gold mineralization, particularly towards the west of the deposit, where the greenstone 
belt strikes easterly; 
-The "stockwork" of vein-like alteration extends beyond the extent of mineralization. 
-Feldspathized rocks appear to pinch out and terminate relatively abruptly to the east of the 
Hemlo gold deposit proper, 
-There are layer- or fabric-parallel zones of feldspathized and/or biotitized rocks which lie, 
across strike, up to several hundred metres from the main part of the deposit, and are apparently 
disconnected from the deposit (at surface); 
-There are similarities between exposures of the A Zone ore and the mineralized zone in the 
Heritage East outcrops. Each location displays: 

1)2 gossanous zones, one each at the upper and lower contacts to the mineralized rocks; 
and 
2) the upper gossan of the Heritage zone is fault bound and the upper gossan of the A 
Zone appeared to be fault bound. 

-A 10 m thick section of rocks to the northwest of Botham Lake (Line 104+O0W) is similar to 
the 18 m thick altered section at the Heritage East outcrops in that: 

1) there are 2 gossans (upper and lower) which define the section; and 
2) there are similar-appearing, feldspathized, clastic metasedimentary rocks between the 
2 gossans. 
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-The overall appearance of the feldspathized and pyritized rocks in the Heritage East outcrops is similar 
to the feldspathized and pyritized rocks exposed on the Northern Eagle property barite occurrence, 21 
km to the west of the Hemlo gold deposit. 
-Most feldspathization occurs in rocks that are presently north of the Hemlo fault zone, although minor 
exceptions, south of this fault zone, were noted in which quartz crystal arenite and/or feldspathic arenite 
contain various combinations of small amounts of pyrite, green mica, microcline, and/or anomalous 
molybdenum; 
-Occurrences of earlier, cleavage-controlled, and later, fracture-controlled bleaching (feldspathization?) 
indicate several stages of this type of alteration have occurred over a sufficient period of time to 
involve different stages of deformation. Not all of the stages of bleaching, however, are genetically 
associated with the Hemlo gold deposit alteration system; 
-Silicification associated with molybenite and gold mineralization may be restricted to quartz-
plagioclase-phyric rocks in the form of irregularly shaped and vein-like or tabular zones involving 
almost complete replacement; 
-Further studies are required to verify that microclinization preceded: silicification with the introduction 
of molybdenite; and albitization. 
-Silicification not accompanied by gold and molybdenum also occurs in the quartz-plagioclase-phyric 
units as tabular bodies; 
-Secondary quartz occurs as veins, veinlets, pods, stringers, and as the matrix to locally developed 
breccias: field relationships indicate multiple generations of vein development have occurred, at least 
contemporaneous with and post-dating the mineralization. 
-Some of the quartz veinlets cut across tourmaline veinlets 
-Some of the quartz veins, particularly those lying within the deposit, are folded, transposed, 
dismembered, and cut by later quartz veins. 
-Most of the more highly deformed quartz veins are east-northeast-striking in the Williams property C 
Zone and east-striking in the Heritage outcrops: the least deformed quartz veins, most prevalent in the 
C Zone East outcrop, tend to be east-northeast- to northeast-striking 
-Incipient feldspathization around quartz pods indicates some of the alteration occurred during dilatancy 
in lithified, cleaved rocks. 
-Minerals associated with quartz pods and some veins contain various combinations of muscovite, 
tourmaline, biotite, pyrite, chlorite, kyanite, feldspar, amphibole, carbonate (rusty weathering), rutile, 
andalusite (pink), and ilmenite; 
-Kyanite in quartz pods also occurs locally within altered rocks that are disconnected from the pervasive 
zone of alteration that is spatially associated with the Hemlo gold deposit; 
-Carbonatization is relatively minor and locally developed as disseminated grains of carbonate or as 
veins; 
-Tourmaline occurs in a variety of crystal sizes, locally in notable quantities, within the Hemlo gold 
deposit alteration envelope, and locally outside of this envelope, such as in the Hemlo fault zone. 
More than one stage of tourmaline development is possible. 
-Pyrite, having different habits and orientation, exists as: 

-equant, coarser crystals which tend to be in lenses or stringers parallel to the predominant 
fabric or tectonometamorphic layering; and 
-finer-grained crystals locally occurring in small, elongate lenses aligned parallel to S3. 

-Surface mapping of zones of alteration and mineralization, and the 3-dimensional geometry of the 
Hemlo gold deposit (see Canadian Mining Journal, February 1990, p.28-29) indicate there can be 
narrow windows which define exploration targets, even for large-scale gold deposits. 

Hemlo Gold Deposit 

The Hemlo gold deposit is noted for its relatively large tonnage of generally contiguous, ore-grade, 
gold-bearing rocks. The mineralized zones that comprise the Hemlo gold deposit, and their major 
characteristics, are generalized as follows, from west to east (see also Tables 6, 7, and 8 and Figures 
20 and 21): 
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Hemlo Gold Mines Inc. (Golden Sceptre property) 
-Golden Sceptre North Zone #1 and #2 bodies: 

-exposed at surface 
-crudely tabular, east-striking, relatively small and low grade 
-open pit, mined during backfill quarry operations 

Williams Operating Corporation: Williams Mine 
-"C" Zone: 

-exposed at surface 
-several zones of multiple, tabular to lensoid, relatively low-grade, east-striking and 
possibly northwest-plunging bodies 
-currently being mined during backfill quarry operations; 

-"B" Zone: 
-not exposed at surface 
-the main zone; large, tabular, moderately low grade, east-southeast-striking and crudely 
northwest-plunging orebody 
-connected to the "A" Zone 
-currently being mined 

-"A" Zone: 
-exposed at surface 
-similar to the "B" Zone, "H"-shaped on surface and northwest-plunging 
-mined out by open pit and underground operations 

Hemlo Gold Mines Inc.: Golden Giant Mine 
-"Main Mineralized Zone": 

-not exposed at surface 
-the main zone; large, tabular, moderate grade, east-southeast-striking, constitutes several 
types of ore 
-currendy being mined 

-"Lower Mineralized Zone": 
-not exposed at surface 
-tabular, east-southeast-striking, constitutes several types of ore 
-currently being mined 

Teck-Corona Operating Corporation (Teck-Corona property): 
-West Zone: 

-exposed at surface 
-roofless, tabular, "ore"- to sub-ore grade 
-mineralized zone beneath Highway 17 

Teck-Corona Operating Corporation: David Bell Mine 
-"A" Zone: 

-not exposed at surface 
-the main zone; large, relatively high-grade, east-southeast-striking and northwest-
plunging orebody 
-currently being mined 

-structurally lower "B", "C", and "E" Zones: 
-not exposed at surface 
-subsidiary, mineralized, east-southeast-striking 
-lower part of mine 

-structurally upper "D" Zone: 
-not exposed at surface 
-2 tabular, subsidiary bodies, east-southeast-striking 
-lower part of mine 
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The Williams Mine "B" and "A" Zones, the Golden Giant Mine "Main Mineralized Zone", and the 
David Bell Mine "A" Zone are contiguous and form the main part of the deposit. The Golden Giant 
Mine "Lower Mineralized Zone" and the David Bell Mine "C" Zone are contiguous. The Teck-
Corona property West Zone is approximately up dip from the main part of the Hemlo gold deposit. 

The following generalizations regarding specific metals or minerals in the Hemlo gold deposit are made 
with reservation: 

-Visible gold is present in all 3 mines and has been observed on surface in all exposed mineralized 
zones; 
-Molybdenite is one of the 2 best indicators, along with green (vanadian) muscovite (though not a 1:1 
correlation), of the presence of gold mineralization; 
-Stibnite, cinnabar, and realgar are locally found in the east half of the deposit within folded layers, 
with quartz pods and veins, and along fractures; 
-Barite was rarely identified from surface mapping although it is common in parts of the deposit where 
is occurs as gold-poor wisps and layers in tectonometamorphic rocks, or as a gold-poor matrix to 
tectonically brecciated, ore-grade (auriferous) country rocks. 

Synthesis 

Introduction 

There are at least 2 approaches to synthesizing the multitude of absolute (e.g., U-Pb dates) and relative 
age relationships for the geological events. A chronological approach, from oldest to youngest, would 
be most appropriate, for an area with a simple geological history, in providing a logical development 
of the various events. However, the geological history for the Hemlo area rocks is complex. The 
various degrees of uncertainty in constraining events or relationships,and the complexity of a wide 
variety of events within geologically short intervals, makes adopting an alternative method more 
amenable for a useful synthesis. Hence, this section conforms to die general format of this report in 
that the synthesis is separated into the following types of events: deposition of volcanic and 
sedimentary rocks; intrusion; deformation; metamorphism; and alteration and mineralization. Many of 
the events are, however, temporally dependent on several other events. 

Figure 40 is a graphical representation of the synthesis for the Hemlo gold deposit area. The text 
below summarizes the main features represented in Figure 40 and provides brief explanations for the 
relationships and constraints depicted. Details of the relationships are presented within the main part 
of the report. Absolute ages are taken from Corfu and Muir (1989a, 1989b). 

Deposition of Volcanic and Sedimentary Rocks 

Volcanism and sedimentation in the Hemlo gold deposit area occurred around 2772 Ma based on the 
interpretation that the quartz-plagioclase-phyric rock dated is a subvolcanic porphyry genetically related 
to the pyroclastic rocks within which it lies. Feldspathic metasedimentary rocks are considered largely 
to represent reworked material deposited, perhaps intimately, with volcanic deposits on the flanks of 
a volcanic ediface. 

Younger, 2695 Ma volcanism and sedimentation in the Heron Bay area may indicate the presence of 
a juxtaposed terrane, separated from the Hemlo deposit rocks along the Hemlo fault zone (Corfu and 
Muir 1989a, Williams et al. 1991). 

Intrusion 
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Age constraints on intrusion of felsic and intermediate dikes and felsic plutons help to constrain other 
events. The 2719 Ma phase(s) of the Pukaskwa Gneissic Complex is the oldest recorded plutonism, 
based on limited sampling within the complex. Younger ages, 2688 to 2684 Ma, account for most of 
the other plutons. The undated Botham Lake Stock has been intruded by felsic dikes and hence must 
be older than some or all of the felsic dikes, assuming a relatively restricted episode of dike 
emplacement. 

There are no tight constraints on the age of mafic/ultramafic dikes, mafic dikes, and mafic/intermediate 
dikes. However, some, but not all, mafic dikes are folded, apparently by F2 folds. As other mafic 
dikes do not appear to be so affected, this suggests there was more than one age of mafic dike 
emplacement. MaficAiltramafic dikes are affected by D 3 dextral shearing in the Hemlo fault zone and 
some display D 2 boudinage. Mafic/intermediate dikes display a diversity of textures and, although 
not well constrained by age, some of these dikes are intruded by felsic, intermediate, and mafic dikes. 

Intermediate dikes are locally cut by felsic dikes, but other crosscutting relationships and variations in 
texture suggest multiple intrusive events. Felsic and intermediate plagioclase-phyric dikes are abundant 
in the Hemlo gold deposit area. An intermediate, dioritic dike that cuts the Hemlo gold deposit is 
dated at 2680-2690 Ma. A felsic, quartz-plagioclase-phyric dike that elsewhere cuts mineralization is 
dated at either 2684 Ma or 2695 Ma (unresolved). A felsic, plagioclase-phyric dike near the Cedar 
Lake Pluton is dated at 2687 Ma. 

Only one fabric has been recognized in the Cedar Creek Stock and Cedar Lake Pluton, although a 
possible second fabric was noted in the Cedar Lake Pluton, well away from the margins of the pluton. 
All pre-diabase dikes are foliated. Intensity of strain within the dikes ranges from weak to intense. 

Deformation 

The distribution of preserved primary features, and variations in the degree and style of strain and 
recrystallization, are utilized to postulate that the present configuration of the rock units is a result of 
tectonic juxtaposition of an unknown number of slices or wedges of rocks displaying, internally, various 
degrees of moderately well preserved to highly transposed units. Major-sized "slices" are bounded by 
high-strain zones such as the Hemlo fault zone, the Lake Superior shear zone, and the Cedar Creek 
fault zone. There are doubtless many other "slices", including those on a smaller scale such as the 
Williams Mine (Walford, Stephens et al. 1986). The "slices" are a result of the culmination of various 
deformation events. 

There are poorly defined constraints on the timing and duration of Dx deformation. The Dx zones of 
tectonic disruption are folded by F2 folds, and the near-layer-parallel faults displayed in these Dx zones, 
whether due to thrusting or not, occur within sedmimentary rocks. Dj structural elements are not 
apparently common and it is possible that D 2 elements were derived, in part, from progressive 
deformation of Dx elements. 

The emplacement of almost all felsic and intermediate dikes appear to have post-dated F2 folding, yet 
virtually all of the dikes have an internal preferred dimensional alignment of mafic minerals consistent 
with that of the predominant foliation in the country rocks. Boudinage occurs in many dikes, 
indicating extension roughly in an east-west direction. S ^ layering and S 2 foliations, as well as felsic 
dikes are deformed about the Cedar Creek Stock (Figure 7), which may be slightly younger than the 
Cedar Lake Pluton (see Figure 6; and Corfu and Muir 1989a) and other granitic bodies. These 
observations, coupled with the development of high-strain zones containing S2-parallel foliations, suggest 
that D 2 deformation outlived the folding and intrusion to produce tightened folds and, locally, intensely 
deformed rocks. These features are observed in the greenstone belt regardless of whether the 
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rocks are east striking or east-southeast striking. The development of D 2 high-strain zones could, 
alternatively, be designated D2.. Equivocal evidence of fabrics within the Hemlo fault zone (e.g., Figure 
10), and the preponderance of F2 folds having "S"-asymmetry, may indicate that sinistral shear took 
place during the latter part of the D 2 event. Dextral-sense, ductile deformation, involving the 
dismemberment of aplite dikes that intrude the Cedar Lake Pluton (Plate 6a), indicates that the plutons 
and dikes intruded and solidified, possibly before the onset of D3. 

At some point, the dynamics of tectonism changed, resulting in dextral shear within the major fault 
zones oudined in this report, namely the Hemlo fault zone, Lake Superior shear zone, the Cedar Creek 
fault zone, and likely in several other zones as well. F3 folds locally deform S3 fabrics, which display 
s-c-c' characteristics consistent with dextral shear. Hence, this stage of strain appears to be progressive 
with dextral shearing. The hanging wall rocks of the 3 major fault zones display a decrease in 
interlimb fold angle in proximity to the major fault zones (Figure 36; Plates 13c and 13d; Figure 38). 
A later transgression from ductile to brittle-ductile strain resulted in the development of near-layer-
parallel, cataclasite and pseudotachylite, apparentiy during continued dextral displacement. 

Before, or possibly after, the period of D 4 strain, the greenstone belt underwent a large-scale, open-
style folding to produce an east-southeast-striking segment within a generally east-striking belt. D 2 

high-strain zones and D 3 cataclasite and pseudotachylite appear to be equally present in the east or east-
southeast orientation and are essentially layer-parallel in both cases. The relative timing of this open 
style, belt-scale folding cannot be deduced with certainty, but may be post-D3, as it is defined in this 
report. More than 4 deformation events for this part of the greenstone belt is possible. 

The greatest degree of pervasive, high strain occurs in the east-southeast-striking segment, between the 
Lake Superior shear zone and the Cedar Creek fault zone, which also contains the major part of the 
Hemlo gold deposit. Unequivocal s-c-c' fabrics are limited to this east-southeast-striking segment of 
the belt, with the exception of some sheared dikes in the east-striking part. 

Subsequent brittle-ductile and brittle deformation has been ascribed to D 4 deformation. Some of the 
fracturing presentiy assigned to D 4 may be Mesoproterozoic in age. 

Metamorphism 

Based on this study, the metamorphic features noted provide equivocal and speculative constraints on 
the timing and number of metamorphic events (Figure 40). It is possible that the Mj and M2 features 
noted in the report reflect a progressive metamorphic period punctuated by one or more periods of 
strain. In addition, some of the textural evidence does not permit a clear distinction between minerals 
produced directiy as a result of metamorphism, as opposed to metasomatism (i.e., alteration). 

Apparent static growth of staurolite, prior to D3, within F2-folded rocks, lying between the Lake 
Superior shear zone and the Cedar Creek fault zone, suggests that thermal conditions were elevated 
within this segment of the crust, beyond the termination of D 2 deformation. A period of protracted 
elevated temperature is supported by younger titanite ages within the nearby altered rocks of the Hemlo 
gold deposit (i.e., 2672-2670 Ma as opposed to 2678-2676 Ma; Corfu and Muir 1989b). Whether this 
stage of metamorphism reflects waning Mx or incipient M2 is unclear, but the former case is preferred 
here. 

Alignment of fibrolite and retrograded, porphyroblastic-looking lenses (possibly andalusite) within S3, 
collectively near and well away from the Hemlo gold deposit, is evidence for a second metamorphic 
event, Ma. Fabric relationships indicate that M2 and D 3 are contemporaneous. The spatial distribution 
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of these fabric relationships indicates the M2 event is not restricted to the zones of most intense 
deformation within which the Hemlo gold deposit lies. A second stage of development of garnet, 
staurolite, and cordierite is considered likely, but equivocal. Retrograde metamorphism, producing 
sericite and chlorite within some of the altered rocks of the Hemlo gold deposit, was likely more 
profound at this stage than during Mx. 

The presence of microcline, apparently replacing plagioclase, in many of the meta-igneous and 
metasedimentary rocks, both north and south of the Hemlo fault zone, suggests that some microcline 
may be metamorphic. This possibility is important for interpretation of alteration and mineral 
paragenesis because microcline is spatially associated with the Hemlo gold deposit hydrothermal 
alteration. 

Undeformed and unoriented muscovite poikiloblasts occur in rocks within and outside of the zone of 
pervasive alteration of the Hemlo gold deposit and indicate a third metamorphic event M3. M3 appears 
to have taken place during static conditions, after the cessation of D 3 ductile deformation. This M3 

event is inferred to correspond to the 2650 to 2630 Ma period of development of rutile and monazite 
within the zone of alteration spatially associated with the Hemlo gold deposit. The protracted thermal, 
tectonic and igneous and hydrothermal events indicates that the Hemlo deformation zone developed over 
a protracted period of time (Corfu and Muir 1989b). 

Alteration and Mineralization 

An important aspect of the Hemlo gold deposit relates to the timing of the gold mineralization and the 
history of related alteration. Paradoxically, from this study, these are the least well-constrained events. 

The Hemlo gold deposit appears to be intruded by 2690 to 2680 Ma dikes, thereby setting a minimum 
age for the deposit. The deposit was subjected to D 3 deformation (e.g., F3-folded vein-like alteration 
which overprints pervasive feldspathization) and did not form contemporaneously during the D 3 stage, 
which post-dated dike activity. 

What is not clear, however, is how much earlier than 2690-2680 Ma the deposit formed. Several lines 
of evidence suggest that the mineralization is presently structurally controlled. These controls are 
largely related to D2, and to as lesser exent, D3. Dj structural elements within the deposit were not 
recognized and there is no reliable evidence from this study that the deposit has been folded about an 
F2 fold. However, the deposit lies within one or more (D2?) high-strain zones and appears to have a 
plunge that is consistent with 1^ lineations. The development of this plunge may have occurred during 
the development of D 2 high-strain after most or all of F2 folding occurred. If the above inferences are 
correct, a maximum age of the deposit, based on the eariler phase of the Pukaskwa Gneissic Complex 
and the inferred timing of D 2 folding, could be about 2720 Ma., approximately 50 million years after 
volcanism and sedimentation. 

Alteration patterns indicate that the hydrothermal system was dynamic and evolved. Potassic alteration 
appears to have preceded some, if not most, other types of alteration. There are, however, no reliable 
constraints on timing of alteration, particularly with respect to disseminated carbonatization or 
tourmalinization. Silicification appears to post-date some or all of the potassic alteration and is variably 
associated with molybdenite and gold. Gold may also have been introduced during potassic alteration 
as there is a positive spatial correlation between potassic alteration and gold. 

The timing of pervasive sodic alteration is ill-constrained. However, fracture-controlled, veinlike sodic 
alteration post-dates some of the potassic alteration. Pervasive sodic alteration, locally accompanied 
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by potassic depletion, is prevalent in the westernmost part of the zone of pervasive alteration spatially 
associated with the Hemlo gold deposit. 

Gold and molybdenum are inferred to have been introduced contemporaneously as there is almost a 
1:1 correlation between the presence of gold and molybdenite. There is more than one textural habit 
of pyrite indicating additional complexities. There is insufficient evidence to place reliable constraints 
on the introduction of vanadium although there is a positive correlation between green vanadian 
muscovite and gold. Also unclear, and more of an enigma, is the timing of the introduction of Ba, 
Hg, As, and Sb which occur mostly within barite, cinnabar, realgar, and stibnite respectively. Aspects 
of these minerals are dealt with in the "Discussion" section, below. 

Quartz vein and quartz pod development was multistage. Highly deformed quartz veins within and 
outside of the deposit appear to have undergone high strain during D2. Other, later veins and pods 
display effects of D 3 strain. Some of these later veins contain cinnabar, realgar, and/or stibnite within 
parts of the Hemlo gold deposit. It is unclear whether the introduction of these mineralized quartz 
veins was post-D2. 

Skarn alteration to the south of the Hemlo fault zone is deformed by D 3 but a maximum age is not 
well constrained. Microcline-rich layers occur within tectonometamorphically layered metasedimentary 
rocks south of the Hemlo fault zone. The overall appearance of these rocks is not dissimilar to some 
altered metasedimentary rocks spatially associated with the Hemlo gold deposit. Potassic minerals 
locally fill late, possibly syn-D4 fractures, indicating more than one potassium-enrichment event. 
Epidotization and/or hematization appear to have occurred at a number of stages during metamorphism, 
contact alteration with plutons and dikes (including diabase dikes), and brittle and brittle-ductile 
faulting. The development of pyritiferous zones is not well constrained, although all zones, including 
those containing anomalous gold and molybdenum, were deformed during D3. 

Discussion-Constraints on Deciphering Geological Events 

Introduction 

The intent of this section is to integrate some of the features and relationships of various geological 
events, derived from observations and interpretations, in both this study and the literature. This is 
undertaken in order to: illustrate consistencies, inconsistencies, and unresolved problematic aspects that 
are evident from the interpretation of the Hemlo gold deposit; and establish the basis for outlining the 
setting of the deposit. 

Several significant difficulties face geologists at Hemlo: 
1) distinguishing primary sedimentary, volcanic, and structural features from secondary tectonic 
features; 
2) establishing distinctions among at least 4 generations of structural elements; 
3) establishing the chronology of events for one or more regional metamorphic events; 
4) recognizing and delineating the effects and chronology of events for a complex, dynamic, 
hydrothermal alteration system; 
5) determining the relative timing of pluton and dike intrusion with respect to depositional, 
structural, and alteration and mineralizing events; and 
6) integrating the above aspects into a scenario which best accounts for all of the observations. 

The complexities in the geological history, and heterogeneous development of various features do not 
allow simple solutions to account for all observations. Equivocal interpretations result from real or 
apparent inconsistencies and contradictions in observations reported in the literature and in this report. 
Apparently contradictory observations among various authors may result from comparisons made with 
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respect to different: generations of structural elements; segments of heterogeneously strained rocks; 
ages of intrusive rocks; spatial relationships within a heterogeneously developed zone of altered and 
mineralized rocks; and scales of observation (e.g., regional mapping, versus outcrop mapping, versus 
drill core logging). 

Similarly, the relationships between mineralized rock and characteristics of the deposit setting are 
difficult to evaluate or synthesize because of imprecise and variously applied terminology requiring 
unambiguous usage. Such cases would include: unspecified generation or geometry of structural 
element; unspecified type of dike; unspecified relationship between metamorphic minerals and their 
enclosing fabrics; mixing of descriptions of geometry and distribution of "ore" and "mineralization"; 
and ambiguities resulting from the use of terms such as "mineable waste", "sub-ore", and "grade". 
These factors are pertinent to inferring geometry of mineralization versus ore, or assessing grade versus 
ore thickness diagrams. 

The discussion in this section is therefore limited in scope to drawing attention to matters that require 
further study, both from features raised in this study, and features raised in the literature. 

Aspects Related Mainly to Structural Features 

The effects of multiple generations of deformation on the rocks of the Hemlo gold deposit area 
probably present the greatest obstacle to determining a clear and accurate chronology of events as they 
relate to the formation of the deposit. As such, it is important to recognize these effects and 
understand the implications when applying any depositional model. 

A number of interpretations of the structural history of the Hemlo gold deposit area have been proposed 
(Hugon 1984, 1986; Muir 1985b; Burk 1986; Burk et al. 1986; Muir and Elliott 1987; Goad 1987; 
Kuhns 1986, 1988; Muir, this study). That there are multiple proposals attests to the difficulties in 
interpreting the present features which represent the culmination of all superposed deformation events. 

Early Folding Events-Dj and D 2 

First generation folds (FJ, as identified in this study, occur on a small scale, although interference from 
F2 folds may have tended to eliminate the apparent continuity of the folds. Tightly refolded layering 
is present in several F2 folds in the map area (e.g., Cedar Creek fold; fold near south end of the trench 
on Line 80+00W, Golden Sceptre property). Isoclinal intrafolial folds are locally present (e.g., several 
trenches on the Golden Sceptre property; gneissic feldspathic metasedimentary rocks just south of 
Moose Lake). 

Kuhns (1986, 1988) proposes 3 stages of folding, designated Fl, F2a, and F2b. It appears that F2b 
folds correspond to F3 folds in this study, in that they are Z-shaped and interpreted to be a result of 
dextral shearing. However, it is not clear how the other fold generations relate to the designation used 
in this study. F2a folds, for instance, are described as isoclinal and interpreted to have developed 
during the earlier stages of a D2 strain event that progressively resulted in F2b folds. The large-
scale Williams property fold appears to be an example of an F2a fold, using this structural scenario. 

Numerous other problems result in attempting to interpret information presented in Kuhns (1988) 
relative to this study. Fl folds are interpreted to have amplitudes up to several hundred metres (Kuhns 
1988), which would make these folds at least 3 orders of magnitude larger than ¥ l folds from this 
study. No examples of the large Fl folds were given. The use of s-c fabrics to identify sense of 
displacement in Kuhns (1988) is not consistent with that of Berthe et al. (1979), nor that used in this 
study, rendering integration of results with this study ambiguous. 
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Michibayashi (1991) has interpreted 4 mesoscopic structural events (Dl to D4) and has designated 
various folds as F01, F02, F03, and F4. Descriptions of fold axis and axial plane orientations, as well 
as geometry (where given) are such that no confident correlation can be made between these 
designations and that of this study. For instance, F01 folds have axial planes that are parallel to S3 
foliation «a>110o), F02 folds are parasitic with shallowly east-plunging axes, F03 folds have Z-
asymmetry and steeply east-plunging axes, F4 folds are complex, and S4 is described as a kink band 
(all designations from Michibayashi 1991). 

Goad (1987) proposed that a quartz-oligoclase-porphyritic trondhjemite dike (equivalent to the 
pyroclastic and massive porphyritic rocks of the QFPC in this study) intruded folded volcano-
sedimentary rocks, including the mafic volcanic rocks at Botham Lake. He interprets the large-scale, 
S-shaped fold (defined by the quartz-plagioclase-phyric rocks in this study), to have resulted from 
folding, during dextral shear, of the supracrustal rocks and an existing dextral shear zone ("Hemlo shear 
zone"). No data were presented to demonstrate support for the presence of large-scale folding of high-
strain fabrics, or to explain the development of a large, S-shaped fold during dextral shear. Feldspar 
porphyritic dikes, termed oligoclase-porphyritic trondhjemite (Goad 1987), are interpreted to be 
syndeformational and post-large-scale folding. The dextral shearing is considered to be coeval with 
intrusion of the "Pukaskwa Plutonic Complex" (Pukaskwa Gneissic Complex of this report). 

Dextral Shear--D3 

Hugon (1984) was the first to report high-strain zones and dextral shear within the Hemlo area and 
concluded that the present geometry of the supracrustal rocks resulted from a single, progressive and 
protracted, dextral-sense, deformation event involving a regional scale, oblique (northside up, southeast-
directed) thrust zone (Hugon 1986, Hugon and Schwerdtner 1988). Results of the present study 
indicate a more complex scenario in which dextral shear produced one (possibly 2) of at least 4 
generations of structural elements. Earlier structural elements appear to be incompatible with dextral 
shear (Muir and Elliott 1987). Muir and Elliott (1987) also speculated that: low-angle-to-layering, 
normal or reverse (i.e., thrust) faulting may have occurred during an early (i.e., Dl), pre-dextral shear 
stage (i.e., D3); and sinistral shear (i.e., D2) also may have developed during a pre-dextral shear stage. 
An alternative structural chronology has been outlined by Kuhns et al. (1986) and Kuhns (1988, p. 139, 
140) in which it appears that, of his Dl to D3 structures, D2 is equivalent to the D2 and D3 
generations of this report. Numerous other differences, some subtle and some not, exist between the 
2 chronologic interpretations. Based on the descriptions, uncertainties exist in comparing like structural 
elements. 

Recent work in the Michipicoten greenstone belt (Wawa Subprovince), by Arias and Helmstaedt (1990), 
led to their interpretation of regional-scale recumbant folds (FI) followed by F2 folds. Work in the 
same belt by Heather (in preparation) led to his interpretation of multiple fabrics associated with several 
tectonic events. These interpretations provide suggestions for an alternative chronology in the 
Schreiber-Hemlo belt. In the Hemlo gold deposit area, the Dl event may be more significant than 
was initially recognized. The large-scale folds interpreted by Arias and Helmstaedt (1990) are based 
on the identification of reversal in younging directions along axial planes of folds. The greater degree 
of strain and metamorphism in the Hemlo gold deposit area precludes unequivocal recognition of such 
features. However, because suspected reversals in younging directions were noted locally during this 
project, in outcrops which appeared to have the same angular relationship between SI and S2 (e.g., S2 
clockwise with respect to layering), and because Dl features are locally present across much of the map 
area, the possibility of a similar structural history may be valid for this area as well. 
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Some of the structural features of the Michipicoten greenstone belt (Heather, in preparation) are similar, 
in some respects, to those in the Hemlo gold deposit area. Heather (in preparation) has interpreted 
these structural elements as reflecting a more complex structural chronology involving: regional folding 
followed by progressive^) flattening to form high-strain zones; and subsequent strain, including folding, 
which caused deformation of these high-strain zones. The style of the latter deformation could be 
comparable to that of D3 in the Hemlo gold deposit area. 

The complex structural elements within many outcrops in the Hemlo area suggests that the structural 
history for this area, as well, may be more complex than is presented. Some examples are: 

-a considerable increase in D2-strain features (fold style, tectonometamorphic layering, cleavage 
development) towards zones of high strain (e.g., Highway Zone; Figure 38) without apparent 
dismemberment by D3-related events (e.g., Unit 1 in Figure 38); 
-additional overprinting cleavage development in the high-strain zones (S2'?; Figure 10), 
speculatively a result of sinistral ductile shear or pure shear, but not apparently consistent with 
D3, dextral shear; 
-the high-strain zones change, about a flexure (centred on the Williams property), from east-
striking to east-southeast-striking, and are bounded by rocks with S-asymmetry-folds; 
-crenulation cleavage (S3) locally superposed on dextrally sheared phyllonites; and 
-variations in the orientation of L2 and L3 structural elements. 

The chronology of structural events (i.e., Dl to D4) presented in this report, then, may be more 
appropriately reinterpreted in terms of Dl to D6. The development of the "additional" structural 
features may have been progressive with some of the preceding events, as may be the case for the 
relationship between D1/D2, and D3/D4 as defined in this report. There are other features which 
appear to compound issues, such as refolded folds in granitic dikes and dikelets in the supracrustal 
rocks, generally near granitoid intrusions (within about 250 m), which are subsequently overprinted by 
D3 features. As pre-D3 refolded dikes appear to be restricted to these domains, one explanation is that 
differential movement between granitoid intrusions and contact-aureole, heat-softened supracrustal rocks 
produced a generation of folds that is elsewhere not represented in the supracrustal rocks. 

An apparent increase in the tightness of folds and the presence of transposed layering over a distance 
of about 250 m towards the mineralized zone is cited by Hugon (1986) to be consistent with 
indications of increasing proximity to a mineralized shear zone (i.e., Lake Superior shear zone: name 
based on early prospecting terminology in assessment files; Pan and Fleet 1992 and their earlier papers, 
refer to this zone as the Hemlo shear zone, which may be confused with "Hemlo fault" (traditional) 
and "Hemlo fault zone" (this report and earlier publications)). The mineralized zone does lie within 
a zone of highly strained rocks that have been transposed, dismembered, and dextrally sheared (e.g., 
Figure 27; Plate 13), and the degree of strain does increase towards the main ore zone (e.g., Plates 13c 
and 13d). However, it is apparent that the observations regarding an increase in strain towards the 
mineralized zone (Hugon 1986) have been made for rocks separated by at least 2 faults, thereby 
breaking the continuity of the strained section. In addition, the interlimb angle of the macroscopic-
scale fold on the Williams property (Figure 4) is similar to that of the mesoscopic-scale folds in the 
Heritage outcrops (Figure 27), which are 400 m apart, suggesting that any overall increase in strain 
occurs over a much shorter distance (e.g., -60 m: cf. Plates 13c and 13d and Figure 29). 

Hugon (1986) interpreted that the Hemlo gold deposit lies in a major ductile fault, the Lake Superior 
shear zone, which is the most highly strained part of a major thrust zone. This is difficult to establish 
unequivocally, but it may be important that there is an apparent continuity of pervasive alteration and 
mineralization across this high-strain zone. This relationship holds where the zone is defined in the 
east-southeast-striking part of the belt, and across the contact between the altered/mineralized quartz 
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-plagioclase-phyric footwall rocks and the structurally overlying metasedimentary rocks in the east-
striking, western part of the deposit. Textures of microcline (e.g., Harris 1989), possibly indicative of 
annealing, suggest that some parts of the deposit may be contained in lithons which were not subjected 
to much D3 strain. Textures within the western part of the Hemlo deposit commonly do not display 
unequivocal dextral shear fabrics. Numerous, predominant-fabric-parallel quartz stringers in the C-
Zone of the Williams property (Figure 26A) occur in addition to high-angle-to-fabric quartz stringers 
(contemporaneous?) which are buckled, not sheared. These factors could indicate that dextral 
displacement and pervasive ductile strain within this zone, during D3, is neither large nor on a crustal 
scale. 

Anti-sigmoidal inclusion trails in garnet and staurolite (Hugon 1986, Figure 5), and sigmoidal inclusion 
trails in garnet (one example, this report) have been noted. Hugon (1986) infers that the anti-
sigmoidal inclusion trails indicate synkinematic growth and rotation during dextral shear. Although 
dextral shear has been demonstrated, the trails in this case are difficult to discern, and it is not clear 
whether the porphyroblasts and internal textures represent rotational (i.e., syntectonic) or helicitic (i.e., 
post-tectonic) development (cf. Spry 1969) because the inclusions do not define trails that can be traced 
into the matrix. 

Structures interpreted by Hugon (1986, Figure 4d) to represent late, synkinematic fractures with rotated 
mylonitic fabrics akin to anti-sigmoidal inclusion trail development, are alternatively interpreted, in this 
report, to represent drag folds formed during dextral-sense failure along low-angle-to-layering faults 
which are otherwise parallel to layering. Pulled-apart dikes and boudinage in dikes (representing 
extension), with Z-shaped folds and/or overlapped ends of dike segments (see Figures 11 and 12, this 
report; cf. Hugon 1986, Figure 4a, 4b), are interpreted here to represent D2 extension in the form of 
boudinage, followed by shortening and back-rotation during D3. 

The development of S3 was penetrative across the portion of the belt studied whereas ductile dextral 
shear fabrics associated with D3 appear to be localized. What appears to be reliable evidence of 
ductile dextral shear (e.g. s-c-c' fabrics) during D3, is found locally in some zones of high strain 
featuring, as well, F3 Z-shaped folds, and layer-parallel subhorizontal slickensides. Specifically, 
examples include the chlorite-actinolite-talc-bearing phyllonites along the Hemlo fault zone, the sericitic 
schist and micaceous gamet-staurolite-anmophylhte-curmriingtonite-silhmanite-schist in, and adjacent to, 
the Barren sulphide zone (Cedar Creek fault zone), and the Hemlo gold deposit mineralized zones (e.g., 
Lake Superior shear zone), all of which appear to have been the foci for some of the most intense, 
dextral shear. These fabrics thus corroborate some of the findings of Hugon (1986). 

Change in Orientation of Structural Elements (West to East) 

Other difficulties in interpretation of structural elements are evident in that there are variations in 
orientation, from west to east, of what are interpreted to be stretch lineations related to oblique 
thrusting during dextral shear (Hugon 1984, 1986, Hugon and Schwerdtner 1988). These lineations, 
however, correspond in orientation to Lm2, Lf2, Li 1,2, Le2, and possibly Ls3 and Lm3 of this report. 
In the vicinity of the David Bell Mine, stretch lineations are reported to be subhorizontal (Hugon 1986, 
Burk 1986), but in this study, elongation lineations of clasts plunge steeply to the north, and 
slickenside-like lineations and micaceous elongations are subhorizontal. Additional work is warranted 
to clarify this issue. 

The variations in L2 lineations, as noted in this study, appear to range from moderately northwest-
plunging in the west, to variably shallowly northeast-to northwest-plunging and possibly subhorizontalry 
plunging in the east. However, inferences drawn from variations in orientations of L2 lineations as 
measured along Highway 17, where the ease of obtaining readings in the third dimension is greatest 
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(cf. Hugon 1986), must be done cautiously. This section, equivalent to over several kilometres of 
strike length, provides, a highly oblique transect across variously strained tectonometamorphic units and 
high-strain zones, and includes a notable change in the relative proximity with respect to plutons. Such 
a section does not provide adequate aerial coverage, given the regional variations observed. 

Late Structural Features~D4 and Later 

Layer-parallel slickensides, though predominantly subhorizontal, range in plunge between moderate to 
the southeast and moderate to the northwest, which could indicate a rotational component of shear. 
Hugon (1984, 1986) concluded that dextral shear was a result of thrusting, with movement of the north 
block upwards and to the east. The present study did not reveal any clear evidence, however, that 
lithological layering was dipping <45o at the time of dextral shear, and as dips now range from 
moderate to steep toward the north to northeast, it is assumed that dextral shearing was predominantly 
transcurrent, perhaps with a reverse, north-side-up component 

Structural elements produced during D4 may have resulted from continuing dextral shear in a 
brittle/ductile regime, although the various fracture configurations may indicate later crustal movement 
during Paleoproterozoic and/or Mesoproterozoic events. The orientations of D 4 conjugate sets of kink 
folds (i.e., north-northwest-sinistral; and northeast-dextral) could be interpreted to indicate east-to east-
southeast-directed shortening, which is not readily accommodated when comparing relatively late, 
conjugate pairs of brittle faults (i.e., some north-dextral; some northeast-sinistral). 

Aspects Related Mainly to Metamorphism 

Constraints on metamorphism from this mapping project are not well defined. The Hemlo gold deposit 
is interpreted to be metamorphosed because it pre-dates some of the felsic and intermediate dikes which 
are roughly synchronous with major-scale plutonism, and it contains rocks that display annealing 
textures (See Burk 1986, Kuhns 1988; see also, photos in Harris 1986; Kuhns 1986; Kuhns et al. 1986; 
and Walford, Stephens et al. 1986). 

However, published conclusions on the timing of mineralization versus metamorphism, span a wide 
range of scenarios, such as: 

-prior to regional metamorphism (Quartermain 1985); 
-prior to regional metamorphism and pre-bulk of deformation (Kuhns 1986, 1988; Mann 1986); 
-synchronous with progressive and retrograde, amphibolite facies metamorphism (Goad 1987); 
-pre- or syn-metamorphism and pre-bulk of deformation (Burk et al. 1986); 
-syntectonic and post-metamorphism (Ferreira and Fyfe, 1985; Walford, Stephens et al. 1986; 
Hugon 1986; and possibly Harris 1989); and 
-post-metamorphism and post-ductile strain (Pan and Fleet 1991b). 

Elliott (1987) interpreted that mineralization and peak metamorphism pre-dated dextral shear. White 
and Bamett (1990) inferred syntectonic mineralization that post-dated peak metamorphism, if the gold 
and potassium metasomatism were concurrent. Kuhns (1988), however, pointed out the uncertainty in 
distinguishing between thermal equilibrium of an existing deposit during regional (i.e., peak) 
metamorphism, and equilibrium during the hydrothermal event related to deposition of the deposit. 
Walford, Stephens et al. (1986) could not resolve the relative timing of mineralization and 
aluminosilicate assemblages in the hanging wall rocks. Burk et al. (1986) inferred that metamorphic 
recrystallization largely obscured distinctions between altered and unaltered rocks. Burk (1986) could 
not determine whether: gold was concentrated in mylonitized rock; shearing developed preferentially 
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in mineralized rock because of alteration products; or ore-forming fluids in a high-strain zone induced 
shearing. 

As some of the timing relationships noted above are mutually exclusive, there appears to be a problem 
in the accuracy of the observations and/or the interpretation of the observations. The principal causes 
for this are likely attributed to the fact that in order to completely assess the metamorphic textures, one 
needs to know: 

1) the relative timing (i.e., prior to, synchronous with, or post-dating) of large-scale intrusions; 
2) the relative timing to various deformation events; 
3) the relative timing of metamorphism and alteration; 
4) the number of metamorphic events there were and, if more than one event, which one(s) 
is(are) responsible for the growth of a particular mineral species; 
5) the spatial distribution of the mineral species with respect to heterogeneous temperature, 
pressure, and fluid conditions, controlled in part by proximity to intrusions, and permeability 
such as in cleavages, and high-strain and/or dilatant zones; 
6) the state of equilibrium or disequilibrium of any given mineral assemblage; 
7) the environment of mineral formation, i.e., regional or contact metamorphism, or within a 
hydrothermal alteration system; and 
8) whether the present mineral species is a result of prograde or retrograde metamorphism. 

The above prerequisites are, by the very nature of the geological complexity of the area, not all known. 
Therefore, divergence in interpretations is not surprising. 

Contact Metamorphism 

From this study, metamorphic minerals such as garnet, staurolite, kyanite, sillimanite, and anthophyllite 
occur in rocks well away from either the Cedar Lake Pluton, the Cedar Creek Stock, or the Pukaskwa 
Gneissic Complex, and hence are not likely a result of contact metamorphism. There are commonly 
few visible porphyroblasts, including garnet, near the margins of these bodies. In many cases, this 
absence may have resulted more from the distribution of rocks having bulk compositions nonconducive 
to porphyroblastesis than anything else. 

Schistose, sillimanite + andalusite + cordierite (retrograde) + biotite-bearing metasedimentary rocks 
occur outside of the map area, about 13 km west-northwest of the Hemlo deposit, within 0.5 km of 
the contact with the Gowan Lake pluton (Muir 1982b). There is presently insufficient information to: 
determine if this assemblage is related to contact or regional metamorphism; distinguish the timing of 
this assemblage development relative to that of comparable assemblages in the vicinity of the Hemlo 
deposit; and determine whether this assemblage is related to regional/contact metamorphism associated 
with intrusion of the Heron Bay and Cedar Lake plutons (2688 Ma), or to metamorphism associated 
with the intrusion of the Gowan Lake Pluton (2678 Ma) (cf. Corfu and Muir 1989a). 

Episodes of Metamorphism: This Study 

From this study, 2 episodes of metamorphism are tentatively inferred because not all of the above listed 
conditions have been satisfactorily established. A first period of metamorphism, M l f likely reflects the 
main episode of 2688 to 2684 Ma related to intrusion of plutons and dikes. During this stage, 
porphyroblastesis of garnet, staurolite, and cordierite(?) appears to be synchronous with some stage of 
the development of S 2 fabrics (e.g., local alignment of polycrystalline staurolite #nd possibly 
poly crystalline garnet, parallel to Sj). These minerals appear to have undergone subsequent 
recrystallization or retrogradation. Some garnet and staurolite mesoscopically overgrew the S 2 cleavage. 
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The staurolite had overgrown straight layering suggesting that a hiatus in strain, at least in a rotational 
sense, had occurred during this stage of porphyroblastesis. Folding and dextral shear during D 3 

followed with porphyroblastesis from a second(?) event, M2, or a progressive Mx event, involving 
garnet, staurolite, sillimanite, anthophyllite, cordierite, andalusite(?) (retrograded porphyroblasts of 
uncertain protomineralogy), and perhaps kyanite (non-quartz-pod type). Clockwise rotation of garnet 
and staurolite were noted on both limbs (Hugon 1986; Muir and Elliott 1987) of what appear to be 
F2 folds. Sillimanite, anthophyllite, and "andalusite" were all noted locally to be parallel to S3 and, 
particularly in the latter case, showed no evidence of rotation of pre-existing porphyroblasts into the 
S 3 plane. Hugon (1986) noted development of blastomylonite textures in some of the garnet + 
staurolite-bearing rocks. Zones of muscovite (sericite) and chlorite-rich rocks are considered to have 
developed largely during the late stages of the Mt event, or during the inferred M2 event, accompanied 
by dextral shear. 

The textural relationships noted above do not clearly demonstrate 2 metamorphic events. The 
overgrowth of staurolite on S 2 fabrics may indicate that Mx and M2 represent a progressive metamorphic 
event which temporally extended across the hiatus in strain between the D 2 and D 3 deformation events. 
It is not clear that both inferred metamorphic events are on a "regional" scale, at least on the scale of 
the map area, and at this point, the cause of a second regional-scale event is unclear. Corfu and Muir 
(1989b) inferred, that titanite ages (2678-2676 Ma) in granodiorite proximal to, but outside of, the 
Hemlo gold deposit, could reflect amphibolite-facies metamorphism that was temporal with the Gowan 
Lake Pluton (2678 Ma), the youngest intrusive granitoid yet dated in the greenstone belt, to the 
northwest of the map area. It remains to be demonstrated whether the intrusion of more proximal 
plutons (Heron Bay and Cedar Lake) at about (2688 Ma) was responsible for an earlier, regional 
metamorphic event. 

A third event, M3, is inferred to be temporally associated with the formation of 2645 Ma (base on 
Corfu and Muir 1989b) rutile and monazite. The results of limited sampling indicate that this thermal 
event may be restricted to a zone which includes the Hemlo deposit. Tentatively, the presence of 
unoriented muscovite poikiloblasts, common within, but not restricted to, the pervasive alteration zone 
spatially associated with the Hemlo deposit, suggests a post-tectonic thermal event, which may be 
temporally associated with the inferred M3. However, similar, unoriented poikiloblasts are present in 
the Mazinaw Terrane of the Grenville Province, which has experienced more than one metamorphic 
event (R.M. Easton, personal communication, 1992). Although the events in the Hemlo and Mazinaw 
areas are not inferred to be related, the observation could greatly extend the minimum age for this type 
mica growth in the Hemlo area, beyond 2645 Ma. 

It is important to point out that some of the textural observations pertaining to Ml and M^ noted 
above, were made from rocks within zones of high-strain, and rocks that may have undergone 
alteration. Hence, the prerequisite of distinguishing between regional metamorphic events and a 
combination of metamorphic and alteration events has not been satisfied. The same limitations are 
applicable to other observations, such as those by Kuhns et al. (1986), Kuhns (1988), Burk et al. 
(1986), Burk (1986), Fleet and Pan (1991), and Pan and Fleet (1992). The limitations are particularly 
pertinent, given that some degree of alteration may have affected a greater volume of rocks than is 
generally appreciated (e.g., microcline replacement and biotite lenses occur in the biotite-predominant 
conglomerate unit underlying the David Bell Mine headframe site; STOP 11, Muir 1991). 

Metamorphic Histories and Literature Interpretations 

From other studies, a variety of proposed metamorphic histories has emerged. These histories are 
summarized in Table 9. It is unclear from the close spread in absolute ages from U-Pb geochronology 
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(Corfu and Muir 1989a, 1989b) whether all of the distinctions in type and extent of metamorphism 
are valid. In addition, the metamorphic mineral assemblages were based on interpretations of 
metamorphic textures, in some cases in variably altered and unaltered rocks. Various methods were 
used to derive the pressure and temperature estimates, all of which involve assumptions and 
extrapolations from experimental data. Not all of the conclusions have specified all the variables 
necessary to evaluate the results, as pointed out by Kuhns (1988, p. 125). There are other concerns that 
remain. For instance, Kuhns (1988) maintains that the pressure (>7 kb) determined by Burk et al. 
(1986) approaches or exceeds granulite conditions and that evidence of anatexis in Hemlo area rocks 
is lacking. 

Problems remain regarding the interpretation of metamorphic minerals within altered rocks and those 
from unaltered rocks. Kyanite and staurolite have been reported in the matrix of the hanging wall 
rocks to the Hemlo gold deposit (Walford, Stephens et al. 1986; Kuhns et al.1986; Kuhns 1986, 1988), 
in the footwall rocks to the Lower Mineralized Zone (Kuhns et al. 1986), in some of the rocks 
structurally underlying the quartz-feldspar-porphyritic complex (Walford, Stephens et al. 1986; Burk 
1896), and in parts of the ore zone (Harris 1989). Kyanite was not noted in the equivalent surface 
rocks in this study, perhaps because, at least in the Golden Giant Mine, it is spatially associated with 
higher grade parts of the Main Mineralized Zone (Kuhns et al. 1986). The temporal relationship 
between kyanite described above, and medium- to very coarse-grained kyanite within quartz pods that 
are spatially associated with the Hemlo deposit alteration is not clear. The latter species is commonly 
partly or completely altered to muscovite which was locally crenulated during D3-related shortening, 
thus placing relative temporal constraints on its development. This form of kyanite is not directly 
associated with gold, according to Kuhns (1988). 

Walford, Stephens et al. (1986) report garnets showing reverse manganese-iron-zonation profiles and 
elevated manganese concentrations (within and near the ore zone). They suggest that this may 
represent some form of polymetamorphism. However, the relationship between processes operating in 
the alteration zone with respect to those for regional-scale conditions is not clear, and the problem of 
distinguishing metamorphosed, hydrothermally altered rocks, remains. 

Relating large-scale intrusion to regional metamorphism would make post-peak metamorphic 
mineralization unlikely. The presence of annealing textures in the mineralized rocks, such as 120° triple 
junctions between microcline crystals (Burk 1986; Kuhns 1988; see photos in Harris 1986, 1989; Kuhns 
et al. 1986; Kuhns 1986; Walford, Stephens et al. 1986), suggests that the rocks have undergone 
metamorphic recrystallization (Muir and Elliott 1987). Corfu and Muir (1989b) pointed out that there 
were no descriptions of gold occurring as inclusions within major metamorphic minerals such as kyanite 
(see section on Components Related Mainly to Mineralization: Gold Habit), and suggested this could 
indicate that gold introduction was post-peak metamorphism. However, the lack of gold inclusions may 
reflect expulsion of gold from minerals to a lower energy site such as grain boundaries, during 
metamorphism and annealing. 

Aspects Related Mainly to Alteration 

Various aspects of alteration, from timing on a greenstone belt scale, to specific features related to 
select mineral species, are presented below. These aspects are considered to have significance with 
respect to the overall understanding of the Hemlo deposit. 

Greenstone Belt-Scale Alteration 

The timing of alteration within other parts of the Schreiber-Hemlo greenstone belt may have relevance 
to the Hemlo deposit. Kuhns (1988, Plates 3-4A,B) interpreted an altered xenolith of mineralized 
quartz-muscovite-feldspar schist within an unaltered feldspar-porphyritic dike, in diamond drill core from 
the Golden Giant Mine. Muir (1991) noted a green-mica-bearing-xenolith of altered argillite within 
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an exposed, unaltered feldspar-porphyritic dike at the Northern Eagle property barite occurrence, about 
21 km west of the Hemlo gold deposit (see also, Patterson 1984; Gliddon 1985). 

Pan and Fleet (1991a) reported the local presence of green chromium-enriched muscovite within the 
Hemlo gold deposit and within the Northern Eagle property barite occurrence, and pointed out the 
similarity of the micas. In the occurrence, green-mica-bearing schists are spatially associated with 
variably altered rocks which consist of variably pyrite-bearing, sericitic and feldspathic schists and 
barite-rich rocks (Muir 1991). Some of the green mica schists contain microcline (Pan and Fleet 
1991a). At this occurrence, some of the alteration is quite similar in mesoscopic-scale appearance to 
that at Hemlo (STOP 4, Muir 1991), although gold is sparse. 

The relationships described above, between the green mica, alteration, xenoliths, and the dikes, at both 
the Hemlo gold deposit and the Northern Eagle occurrence, suggest that widespread, possibly 
contemporaneous, alteration preceded intrusion of felsic, plagioclase-phyric dikes. Pan and Fleet 
(1991a) interpret development of chromium-enriched muscovite at the barite occurrence to have 
occurred during the waning stages of regional metamorphism. 

Barite 

The origin of barite within the Schreiber-Hemlo greenstone belt, in general, and in the Hemlo gold 
deposit, in particular, is contentious. Early reports referred to the barite at the Northern Eagle, Kadrey, 
and Padre properties as bedded (Patterson 1984, 1986). Gliddon (1985) noted a spatial association of 
barite, at the Northern Eagle property, with shear zones. At the Northern Eagle property, Muir (1991) 
noted: a spatial association of the barite with altered rocks that are interpreted to be variably sericitized, 
feldspathized, and pyritized metasedimentary rocks; a spatial association with highly strained rocks that 
display isoclinally folded and tectonically disrupted metasedimentary rocks; and a similarity in 
appearance of the deformed and altered rocks to parts of the exposed Hemlo gold deposit (e.g., 
Heritage East outcrop; Barren sulphide Zone). No isoclinal folds were noted in the layered barite-
rich rocks at the Northern Eagle property. The barite at the Northern Eagle property and the Hemlo 
gold deposit is layered and laminated, but, in the author's view, these features have not been 
demonstrated, unequivocally, to be bedding. 

The isotopic data for sulphur in barite at the Hemlo gold deposit (Cameron and Hattori 1985) does not 
distinguish between a syn-sedimentary or magmatic hydrothermal origin of the sulphate (Burk 1986). 
Cameron and Hattori (1985) acknowledge that a magmatic hydrothermal source is possible, and Kuhns 
(1988) does not reject a magmatic hydrothermal source for barite. 

At the deposit scale, barite locally forms: the non-auriferous matrix to fragmented ore-grade mineralized 
rocks (Kuhns 1988, Harris 1989), disseminated grains in microcline-rich rock (Harris 1989); and veins 
and fracture fillings (Walford, Stephens et al. 1986; Mann 1986; Harris 1989; Pan and Fleet 1992). 
Walford, Stephens et al. (1986) point out that thin barite veinlets and ore fragments may appear to be 
laminations in diamond drill core. Harris (1986, 1989) documented that the microcline in the deposit 
is commonly barium-rich. He concluded that barium was a component of the ore-forming fluids and 
that the barite appeared to form after the ore. Cameron and Hattori (1985) noted a similar ^Sr/^Sr 
isotopic composition between barite in the Hemlo gold deposit and barite in the Northern Eagle 
property occurrence. Because they interpreted the barite at the latter location to be sedimentary in 
origin, they likewise attributed a sedimentary origin to barite in the deposit. 

Alteration Assemblages/Types-Deposit-Scale 
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Three general types of alteration were identified in the Williams Mine rocks by Walford, Stephens et 
al. (1986): pervasive potassic alteration (microclinization) of felsic rocks and adjacent metasedimentary 
rocks; muscovite alteration of orebodies and surrounding rocks; and calc-silicate alteration of the 
metasedimentary rocks enclosing the deposit and adjacent rocks. The skarn-like calc-silicate alteration, 
consisting in part of grossular garnet, epidote, tremolite, and calcite, is considered to be post-peak 
metamorphism but has an unclear temporal association relative to the potassic alteration (Walford, 
Stephens et al. 1986). Pan and Fleet (1991b) place the timing of calc-silicate alteration in the Williams 
property C Zone and the Golden Sceptre (Hemlo Gold Mines Inc.) property as relatively late, post
dating potassic alteration and regional metamorphism. 

For the Golden Giant Mine rocks, Kuhns (1986, 1988) infers a potassic core represented by microcline-
rich rocks, with a phyllic alteration halo represented by muscovite (sericite) schists, and a possible 
outer, argillic zone, represented by kyanite- + sillimanite-bearing schists. However, for the Golden 
Sceptre (Hemlo Gold Mines Inc.) property, Mann (1986) infers that sericitization post-dates 
microclinization in zones within and peripheral to quartz-plagioclase-phyric rocks. For the David Bell 
Mine rocks, Burk et al. (1986) also noted metasomatism resulting in microcline- and muscovite-rich 
rocks. Although the apparent symmetrical distribution of types of alteration about the Golden Giant 
Mine part of the deposit may be valid, numerous zones of sericitic schist were noted in this study, on 
the Williams and Golden Sceptre (Hemlo Gold Mines Inc.) properties. 

In the east part of the Hemlo deposit, the main mineralized zone structurally overlies the quartz-
plagioclase-porphyritic rock (of the QFPC). The QFPC "grades" into a non-porphyritic, banded felsic 
rock with some biotitic layers (Burk et al. 1986). The sharply defined, highly strained rocks hosting 
the mineralization become progressively thinner to the east and terminate relatively abruptly by 
feathering out (P. Bankes, formerly of Teck-Corona Operating Corp., personal communication, 1987). 
At depth, there are several, thin, ore-grade mineralized zones, that collectively lie structurally above 
and below the main ore zone. At least some of these zones are discordant to interpreted lithologic 
units (Burk 1986, Figures 4 to 8; Burk et al. 1986, Figure 3). The main ore zone, relative to a 
mylonitized conglomerate marker unit (Burk 1986) is oriented counterclockwise, in plan view, and dips 
less steeply. The other ore-grade zones also are oriented counterclockwise to the lithologic units. 

On surface, on the Teck-Corona property, the poorly-exposed, structurally lower, quartz-feldspar-phyric 
sericitic schist is considerably strained and exposed to the east of Moose Lake (STOP 23, Muir 1991). 
This schist appears to terminate to the southeast of Highway 17 (Burk et al. 1986; detailed 1:5000 map, 
this study). However, feldspathized and sericitized metasedimentary rocks, including magnetite-rich 
layers (STOP 22C, Muir 1991), extend beyond the quartz-phyric rock for some distance as a thin, 
tabular, highly strained zone. The above relationships suggest that the alteration and mineralization 
were structurally controlled within one or more high-strain zones, which have been partly constrained 
by rock types having contrasting ductility. These high-strain zones are presently, at least, parallel to 
the predominant regional fabric. Some of the mineralization may have been truncated by faults 
subparallel to the high-strain zones. 

Kusins et al. (1991) and Pan and Fleet (1991b, 1992) have pointed out that carbonates (calcite and 
dolomite) occur in the mineralized rocks of the North Zone. A photograph (Pan and Fleet 1991b, 
photo 393.2) shows fracture-controlled, vein-like alteration that apparently contains significant amounts 
of carbonate (up to 70%). This was not noted in the few samples taken for this study, either by 
petrography or petrochemistry. Mann (1986) reported less than 5% carbonate in some of the altered 
rocks. Pan and Fleet (1991b) noted that relatively late calc-silicate alteration overprints regionally 
metamorphosed rocks and occurs, in many places, including within the Hemlo gold deposit, in the form 
of cross-cutting veins and infillings on foliation planes. They infer that this stage of alteration 
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coincides with the development of monazite at about 2645 Ma (based on ages in Corfu and Muir 
1989b). There is clearly a need for more work to characterize the spatial and temporal distribution of 
various types of alteration within and outside of the Hemlo gold deposit. 

Vein-like alteration, some of which is sodic (this report), and some of which is carbonate rich (Pan and 
Fleet 1991b), appears to overprint pervasively altered rocks, and locally displays F3 folds in some of 
the mafic to intermediate dikes. In many cases, the tabular and vein-like zones are oriented parallel 
to fractures and/or fabrics in the rocks. The fabrics commonly correspond to any or all of Sx, S2, S 3 

and/or Su (fabric of undetermined generation). This relationship appears to constrain the timing of at 
least some of the alteration which is spatially associated with the Hemlo gold deposit (see section on 
Depositional Models). There appears to be a spatial and possibly genetic association between gold and 
potassic + siliceous alteration. The vein-like alteration appears to overprint pervasive alteration, but 
the significance of sodic alteration with respect to the gold mineralization is unclear. The vein-like 
features are not found outside of the area of pervasive alteration spatially associated with the Hemlo 
gold deposit. Kuhns (1986) and Burk (1986) determined that the mineralization occurs in a zone(s) 
with enrichment of K, and depletion of Na, Ca, and Mg. 

Alteration Intensity 

The aerial extent of alteration temporally associated with the Hemlo gold deposit is likely greater than 
is commonly recognized. Several examples of layer-parallel zones of apparent feldspathization + 
sericitization were noted within the trenches on the Golden Sceptre (Hemlo Gold Mines Inc.) property, 
outside of the zone of pervasive feldspathization. Kyanite in quartz pods, which otherwise is restricted 
to the pervasive zone, was noted in some of these zones (see detailed trench maps, this report). 

Elsewhere, the rocks structurally overlying the Barren sulphide zone (STOP 13, Figure 27, Muir 1991) 
show evidence of alteration in the: pelitic and wacke layers; and amphibole-rich layers and boudins 
which range from being completely bleached to having symmetrical alteration rinds. This may have 
implications for the results of studies involving samples taken from these rocks (e.g., Burk et al. 1986). 
A nearby unit of biotite- and amphibole-predominant conglomerate (STOP 11, Muir 1991) contains 
microcline which appears to replace plagioclase. The occurrence in this unit of lenses, interpreted to 
be clasts, consisting almost entirely of biotite, also suggests some alteration has taken place. In the 
author's view, factors such as these have not been taken into account in some petrochemical studies 
(e.g. Kuhns 1986, 1988) involving comparisons between "unaltered" and altered rocks. 

South of the Hemlo fault zone (southwest of "Camp" Lake), apparently unaltered wacke deposits 
display well-defined, microcline-rich, tectonometamorphic layering. Examples such as these require 
further study. 

Vanadium-Bearing Muscovite 

Green vanadian muscovite is present in the Hemlo gold deposit and is variably spatially associated with 
the altered and mineralized rocks (Harris 1986, 1989; Kuhns et al. 1986; Burk et al. 1986; Walford, 
Stephens et al. 1986; Kusins et al. 1991; Pan and Fleet 1991a, 1991b). The spatial association of green 
muscovite with the altered and mineralized rocks could indicate contemporaneous development. As 
noted in this study, green muscovite lenses are crenulated by the S3 fabric and appear to be deformed 
by the S 2 fabric. 

Pan and Fleet (1991a) infer green vanadian muscovite developed contemporaneously with peak thermal 
metamorphism which was interpreted to be about 2678 Ma (Pan and Fleet 1991b, based on Corfu and 
Muir 1989b) or 2671 Ma (Pan and Fleet 1992, based on Masliwec et al. 1986). The age of 2671 +5 
Ma refers to a minimum ^Ar/^Ar age for green muscovite from the Hemlo deposit (Masliwec et al, 
1986), and is similar to titanite ages of 2670-2672 Ma from the deposit (Corfu and Muir 1989b). The 
^Ar/^Ar age does not date the gold directly. 

116 



Aspects Related Mainly to Mineralization 

One of the main features that stands out with respect to the Hemlo gold deposit is its tabular, lateral 
and down dip/plunge continuity as described by several authors (Brown et al. 1986; Harris 1986; Burke 
et al. 1986; Valliant and Bradbrook 1986; Walford, Stephens et al. 1986). The following subsections 
relate geometry to timing of mineralization and strain. 

Geometry of Deposit 

The orebodies comprising the Hemlo gold deposit collectively extend over a strike length of 3.7 km, 
to a depth of at least 2.5 km. Mineable thicknesses of the main mineralized zone of the Hemlo gold 
deposit outline a tabular to wedge-shaped body, ranging approximately from 2 m in the eastern part 
to 50 m in the central to west central parts. This body extends for a strike length of about 2.9 km, 
and has a down-dip distance of about 2.5 km (Harris 1989). The main mineralized zone has a strike 
of about 290° and a dip to the north-northeast of about 60°. 

The main mineralized zone plunges moderately to the northwest, roughly parallel to surface-derived 
measurements of structural elements (Figure 21). There is a much less pronounced, real or apparent, 
secondary lineation of the orebody, moderately, to the northeast, roughly parallel to F3 fold axes (Figure 
21). The author has insufficient information with respect to whether the David Bell West Zone is 
linked to the East Zone by sub-ore grade mineralization, and whether the Williams property Heritage 
outcrop mineralized zone is linked to the Williams "B" Zone, and, if so, what configuration these 
linkages would result in (refer to Figure 21). 

Timing of Mineralization and Strain 

This study and others (Burke et al. 1986; Harris 1986; Hugon 1986; Kuhns et al. 1986; Walford, 
Stephens et al. 1986; Kusins et al. 1991) have shown that the Hemlo gold deposit is deformed. The 
limited investigation of deposit-related mineralized rocks in this study reveals a complex history of 
various types and stages of alteration and mineralization. This strongly suggests that the alteration 
system was evolving and dynamic, hence a complete and detailed chronology of events would be 
complex and beyond the scope of this study. 

Four possibilities regarding timing of mineralization are presented for consideration, based on the strain 
history: 

1. mineralization occurred prior to D2, possibly prior to D l t and has been subjected to all 
subsequent generations of strain; 
2. mineralization occurred during F2 folding, utilizing in part, the S 2 cleavage, and was 
progressively strained during the remainder of the D 2 event, as well as during subsequent strain 
events; 
3. mineralization occurred after F2 folding, but prior to, or synchronous with, the development 
of some D 2 high-strain zones (D2.?), in which case the conduits for mineralizing fluids would 
have been aided, in part, by existing linear and planar D 2 structural elements; and 
4. mineralization occurred during the early stages of D3, controlled in part by D 2 structural 
elements, and was progressively deformed during the terminal stages of D3, as well as the D 4 

event. 

Valliant and Bradbrook (1986) consider that mineralization is spatially associated and partly controlled 
by syndepositional growth faults. Burk et al. (1986) call for mineralization to pre-date or be 
synchronous with development of high-strain zones, which pre-dated the final phase of medium-grade 
metamorphism. Walford, Stephens et al. (1986) considered mineralization to have occurred in the 
tectonically active Lake Superior shear zone. Elliott (1987) inferred mineralization to be pre-dextral 
shear. Hugon (1986) and Corfu and Muir (1989b) placed mineralization as synchronous with dextral 
shear. Goad (1987) considered mineralization to be post-large-scale folding and synchronous to post
dating intrusion of feldspar-porphyritic dikes. Pan and Fleet (1991b,) assessed mineralization as post-
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dating dextral shear. The timing of at least some of the mineralization could be directly related to that 
of one or several types of pervasive and possibly vein-like alteration. However, as pointed out in the 
previous section, there is a considerable lack of consensus with respect to the timing of alteration and 
mineralization relative to other geological events. 

The observation that a feldspar-porphyritic dike from the Golden Giant Mine contains an altered and 
mineralized xenolith (Kuhns 1988), and that at least some of these dikes cut the ore zone (Quartermain 
1985; Walford, Stephens et al. 1986; Kuhns 1986, 1988; Burk et al. 1986; Harris 1989; Corfu and Muir 
1989a,) appears to constrain a minimum age for the Hemlo gold deposit, as greater than 2690-2680 
Ma based, on Corfu and Muir (1989a). If this relationship is correct, it precludes a younger and post-
intrusive age for mineralization, if a single, main mineralizing event occurred. The dikes are deformed 
by D 3 strain, including dextral shear. Mann (1986) noted that some dikes, of unspecified composition, 
on the Golden Sceptre property, are "strongly altered", and Walford, Stephens et al. (1986) noted that 
some altered, biotite-rich dikes intrude the ore. These reports of altered dikes may not preclude the 
above inferences. 

Based on this study, third- and fourth-generation structures (i.e., D 3 & D4) do overprint the ore body, 
which suggests that mineralization was pre- to syn-D3. What is not clear is whether Dx and D 2 

features, if any, overprint the ore or controlled the site of mineralization. Although the main 
mineralized zone lies within a high-strain zone that has locally undergone dextral shear, there is no 
clear evidence that D 3 features (e.g., s-c-c' fabrics, crenulation schistosity), are responsible for all the 
evident strain. Some other zones of dextral shear, in addition to the Lake Superior shear zone, include 
the Barren sulphide zone and the Hemlo fault zone, neither of which are particularly mineralized. It 
appears, therefore, that mineralization was not totally dependent upon the locations of dextral shear 
zones, if at all. The role of earlier high-strain zones is less clear. 

Pervasive alteration appears to have overprinted F2-folded rocks based on field observations (e.g., Plate 
10a) and the overall distribution of pervasive alteration (detailed 1:5000 maps, this report; Figure 4). 
Some samples of ore show what appears to be folded "layers" of differentially altered rock (remnant 
SQ/SJ?) as well as tight to isoclinally folded and dismembered quartz veins (e.g., Plate 7c). The 
predominant fabric in the ore is axial planar to these folds, and is not a crenulation cleavage. 
However, no unequivocal F2 folds have been recognized in the ore zone, although some S-shaped F2 

folds are nearby to ore or mineralization, particularly in the footwall (e.g., Figures 25A and 27, this 
report; Kuhns 1988). 

The determination of timing of mineralization relative to strain is further complicated by the presence 
of tabular (vein-like), molybdenite-gold-bearing, siliceous and feldspathic zones. This vein-like 
alteration appears to overprint pervasively altered rocks and occurs in orientations aligned parallel or 
subparallel to S2-flattened clasts, the predominant fabric, and orientations which appear to correspond 
to S 3 c and S3c. (e.g., 290° and 310°). Mann (1986) reported that some of the quartz veins containing 
gold and molybdenite, in diamond drill core from the Golden Sceptre property (Hemlo Gold Mines 
Inc.), are subparallel to layering. 

Gold- and Molybdenite-Bearing Lenses 
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In the earlier stages of studies of the Hemlo gold deposit, gold- and molybdenum-bearing lenses, 
interpreted to be "ore clasts(?)" were noted in diamond drill core, from the Teck-Corona property 
(Quartermain 1985; see also cover photo, McMillan and Robinson 1985). These lenses or clasts 
contain traces of molybdenite (one contains a grain of visible gold), and consist of mostly fine-grained 
quartz (Burk 1986). The lenses occur in "felsic volcaniclastic rocks" (felsic pyroclastic rocks, this 
study), within 30 m structurally above the hanging wall of the main ore zone, and in a "mylonitized 
conglomerate" (highly tectonized biotite-predominanat conglomerate, this study) within the footwall of 
the ore zone (Burk et al. 1986). The lenses within the felsic pyroclastic rocks occur in the short limb 
of a possible large-scale, S-shaped F2 fold (see detailed, 1:5000 map). 

It is not clear whether the mineralization occurred before or after the lenses were formed or whether 
the lenses were mineralized before or after F2 folding. Burk (1986) interprets the lenses as boudins 
of Au-Mo-bearing quartz veins. Of note, is the presence of tabular ore-grade zones that also occur 
structurally above the hanging wall of the main ore zone (cf. Burk 1986; Burk et al. 1986). Resolving 
which generation(s) of strain is involved in deforming the mineralization is therefore important. 

Gold Habit 

There are many modes of occurrence of gold in the Hemlo deposit (Harris 1986, 1989; Kuhns et al. 
1986; Burk et al. 1986; Hugon 1986; Kusins et al.1991; Pan and Fleet 1991b, 1992; this report). Some 
of the non-disseminated modes follow. Hugon (1986) noted that some gold grains occur along 
cleavage planes in high P and T metamorphic minerals, such as kyanite. However, the photograph 
used to depict the relationship between kyanite and gold (Hugon 1986, Figure 7a) shows gold within 
a fracture in contact with kyanite and quartz and/or along grain boundaries between quartz crystals. 
Harris (1986, 1989) also noted that gold is "associated with" kyanite and sillimanite, and is "associated 
with" low-temperature-of-formation minerals such as cinnabar and realgar, which unlikely would survive 
amphibolite grade metamorphism (Harris 1989). Harris (1989) considers the upper temperature range 
for the Hemlo ore deposition to have been about 300°C. Pan and Fleet (1992) report that gold grains 
occur in direct association with calc-silicate mineral assemblages (350°C, 1.7 kb) in relatively late, 
"cross-cutting" veins and foliation plane fillings within parts of the Hemlo gold deposit. 

In the Williams property C Zone, gold is spatially associated with fractures and thin microcline + 
quartz veins (Walford, Stephens et al. 1986). Molybdenite and gold are present in stockwork fractures 
in the North Zone of the Golden Sceptre (Hemlo Gold Mines Inc.) property (Kusins et al. 1991). 
Walford, Stephens et al. (1986) note that, in the A Zone ore, molybdenite occurs, in part, along 
fractures, although it is not clear whether there is a stockwork fracture system present here. Stibnite, 
cinnabar, and realgar are spatially associated, locally with gold, within fractures perpendicular to and 
parallel to foliation (Walford, Stephens et al. 1986) as well as in layers folded by an undetermined fold 
generation. Stibnite and cinnabar are also spatially associated with deformed, auriferous quartz veins 
that appear to cut across the predominant fabric (Burk et al. 1986). Gold with up to almost 27% Hg 
is present in parts of the Hemlo deposit (Harris 1989). 

Remobilization of Gold and Other Elements 

Although Hugon (1986) pointed out that remobilization might explain some features noted in the Hemlo 
gold deposit, he discounts the process for lack of evidence. From this study and other reported 
relationships, this author considers the following features as evidence for remobilization of gold during 
and post-dating metamorphism and some strain events: gold spatially associated with high-P-T minerals 
and fractures containing low-T minerals; gold in fractures crosscutting 
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kyanite and quartz; gold in fractures in apparently unaltered dikes that cut the ore zone; and gold 
in late, calc-silicate-bearing veins. 

Burk et al. (1986) interpret stibnite-realgar- ± molybdenite- ± gold-bearing quartz veins which 
cut across the ore zone fabric to be a product of "retrograde metamorphic remobilization". 
Kuhns et al. (1986) acknowledge limited remobilization, of gold and possibly molybdenite, post
dating ductile strain ("mylonitization"). In fact, based on the interpretation of a pre- to syn-
metamorphic deposit formation, Kuhns et al. (1987) consider that remobilization was inevitable. 
Pan and Fleet (1992) also acknowledge that some remoblization of gold may have occurred 
during a late calc-sihcate skarn event Some of the mercury which is contained within gold may 
have been remobilized during metamorphism or shearing and may presently be represented by 
cinnabar in late fractures and/or quartz veins (see also Kuhns 1988). Similar remobilization may 
have occurred with Sb and As to form stibnite and realgar. 

As a matter of speculation at this point gold and molybdenite may have been remobilized into 
stockwork-like fractures during D3, such that the mineralization is associated with structures 
post-dating original mineral deposition. This timing could explain the present orientation and 
the apparent lesser degree of strain of the vein-like alteration, compared to the folding 
(shortening) and tranposition evident in nearby rocks. Much of the molydenite displays 
slickensides on these planes, but this is consistent with much block fracturing and slickenside 
development within rocks such as the quartz-plagioclase porphyry. The apparent low 
temperature of mineralization deposition (ca. 300°C, Harris 1989) may reflect the final mineral-
forming stages during metamorphism, but not necessarily initial depositional conditions. 

The above features and interpretations with respect to gold, molybdenum, and other elements 
such as mercury, antimony, and arsenic, suggests that the observations made for many features 
of the Hemlo gold deposit may appear confusing or contradictory because of the effects of 
metamorphism, alteration, and deformation the deposit has been subjected to after its initial 
deposition. As such, the interpretations of the paragenetic sequence of minerals within the 
deposit (cf. Harris 1989) may not represent the original sequence (Kuhns 1988), and should be 
considered with caution. 

Characteristics of the Hemlo Gold Deposit Setting 

The following features are geological attributes that correspond spatially with the Hemlo gold 
deposit and reflect the current setting of the deposit Overall, the Hemlo gold deposit lies within 
a complex zone of rocks that have undergone a profound and protracted history of anomalous 
strain and thermal activity. The deposit is not stratiform, and overall, does not appear to be 
consistent with the definition of strata-bound. 

Lithologic Distribution 

-the deposit is located within a moderately to highly strained, 3 km wide segment of supracrustal 
rocks that lies between a large granodiorite/tonalite batholithic body (Pukaskwa Gneissic 
Complex) and a granodiorite body (Cedar Lake Pluton) and satellite stock (Cedar Creek Stock); 
-to the immediate south of the deposit are metamorphosed, massive and fragmental, quartz-
plagioclase porphyritic rocks (QFPC); 
-to the immediate north of the deposit are feldspathic and immature metasedimentary rocks; 
-plagioclase porphyry occurs to the west of the deposit, but is not connected to the quartz-
plagioclase-phyric rocks that occur to the south of the deposit; 
-the distribution of variably thick, quartz-plagioclase-phyric rocks appears to define a large-scale 
"S"-shaped F 2 fold; the Hemlo deposit lies along the north side of the south limb of this S-
shaped fold; 
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-relatively coarse, quartz-plagioclase-phyric fragmental rocks appear to be more prevalent in the 
vicinity of the western part of the deposit and in the central and possibly north limbs of the large, 
S-shaped fold; 
-"massive" quartz-plagioclase-phyric rocks appear to be more prevalent within the footwall of 
the deposit; 
-feldspathic metasedimentary rocks are most prevalent in the vicinity of the western part of the 
deposit, particularly to the west; 
-the main host rock protoliths to the mineralization are interpreted as follows: 

-western part -feldspathic(?) arenite and conglomerate, and quartz-plagioclase-phyric 
porphyry and fragmental rocks; 
-central--feldspathic(?) arenite +/- amphibole-rich layers, biotite-predominant 
conglomerate, and quartz-eye muscovite schist; 
-eastern part-possibly metasedimentary rocks such as arenite, wacke, some 
conglomerate, plus some quartz-eye sericite schist 

Structural Setting 

-the Schreiber-Hemlo greenstone belt displays a flexure in strike from 270° to 290°, in the 
immediate vicinity of the Hemlo gold deposit; 
-high-strain zones occur within both 270"- and 290°-striking sections of the belt; the highest 
degree of strain occurs within the 290°-striking section; 
-the main part of the deposit lies within a 290 -striking, high-strain zone known as the Lake 
Superior shear zone (LSSZ); 
-the main part of the deposit lies along or near the tectono-stratigraphic contact (LSSZ) between 
quartz-plagioclase-phyric footwall rocks, and feldspathic/immature metasedimentary hanging 
wall rocks; 
-relative to the LSSZ, there are other parallel to subparallel high-strain zones, namely the Hemlo 
fault zone (HFZ) and the Cedar Creek fault zone (CCFZ), which are spatially associated with the 
LSSZ but are essentially unmineralized, at least at surface; 
-overall, the majority of the mineralization is discordant to this contact as follows: 

-in the west part of the deposit (i.e., Williams property C Zone), the ore is mostly within 
quartz-plagioclase-phyric fragmental rocks and massive quartz-plagioclase porphyry; 
-in the east part of the deposit, the ore zones occur within altered metasedimentary rocks 
and are oriented counterclockwise and less steeply dipping, relative to interpreted 
lithologic units; 

-the main part of the ore-grade mineralization occurs in a tabular zone which appears to have an 
overall northwest plunge, similar to that of D 2 linear structural elements (L^ and L m o ) , and a 
possible, secondary, northeast plunge, similar to Do linear structural elements ( L ^ and L c o); 
-the deposit and host rocks are macroscopically deformed by D3 structural elements (e.g., S3, 
Lf3) and possibly by some Do structural elements (e.g., S 2 , but not demonstrably by L^) ; 
-locally, in the main part of the deposit, the mineralization appears to be fault bound, particularly 
on the hanging wall side; 
-the eastern end of the deposit appears to terminate near, or be terminated by, a 300° to 310°-
striking discontinuity, although lack of exposure obscures relationships in this part of the belt; 
-some fracture-controlled alteration/mineralization in the western part of the deposit is 
stockwork-like and occurs in orientations similar to fractures/faults and planar fabrics within and 
outside of the deposit (see sections below on "Alteration Features" and "Mineralization 
Features") 

Metamorphic Aspects 

-studies tend to indicate that 2 stages of large-scale metamorphism have occurred; 
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-garnet, staurolite, and the 3 aluminosilicate polymorphs occur locally within and outside of the 
zone of pervasive alteration spatially associated with the Hemlo deposit, but with different 
generations of mineral growth; 
-conflicting textural relationships between metamorphic minerals and fabrics obscure timing of 
metamorphic events with respect to regional metamorphism, a localized, but nevertheless large, 
hydrothermal alteration zone, and several strain events; * 
-Mi and M 2 metamorphic events from this study may represent progressive stages of 
metamorphism, one or both of which appear to have post-dated mineralization; 
-a third (M3), more local(?) metamorphic event may be associated with episodic thermal 
elevation, largely unconstrained to the zone having a protracted thermal and strain history (see 
above section) 

Alteration Features 

-2 basic forms characterize the alteration at the Hemlo deposit: 
-pervasive, locally tabular and predominant-fabric-parallel, alteration zones which occur 
in all parts of the deposit; and 
-fracture- and spaced-cleavage-controlled (vein-like) alteration, which occurs mostly in 
the western part of the deposit; fractures strike primarily at 250°, 270°, 290°, and 310°, 
and secondarily at 260°, 280°, 300°, and 320°; 

-several types of alteration characterize various parts of the deposit as follows: 
-westernmost part: 

-pervasive, white, chalky, predominantly sodic(?) (albitization?) 
-locally with biotitization and disseminated carbonate 
-overprinted by vein-like alteration associated with intense albitization(?), or 
intense microclinization with Au-Mo-pyrite; 

-west-central part: 
-pervasive, white, potassic (microcline) predominant-fabric-parallel zones 
-localized, sugary-textured, more siliceous/pyritiferous/auriferous zones 
-some intensely siliceous Au-Mo zones 
-some vein-like alteration; 

-central part: 
-white, potassic (microcline) zones and sericitic zones 
-variably pyritiferous 
-some zones noted for biotite and/or green muscovite as well; 

-eastern part: 
-similar to central part, perhaps more sericite 

Mineralization Features 

-several forms of mineralization characterize various parts of the deposit as follows: 
-westernmost part 

-structually (fracture) controlled Au-Mo "stockwork"; 
-west-central part: 

-numerous, thin, predominant-fabric-parallel Au-Mo zones (near and to the 
immediate west of the inflection in the greenstone belt); 

-central part: 
-disseminated Au-Mo in essentially 2 zones; 

-eastern part: 
-disseminated Au-Mo in several thin zones that maintain grade but "feather out" 
to the east; 

-several orientations characterize the mineralization in various parts of the deposit as follows: 
-westernmost part 

-general-crudely overall, orebodies oriented at 270° strike 
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-common-detailed orientations similar to those listed in "Alteration Features", 
but all orientations may not be mineralized (i.e., not determined in this study); 

-west-central part: 
-mostly 270°, also some lenses at 280° to 290°; 

-central part: 285° to 290°; 
-eastern part: 270° to 285° 

Other Sulphide-Bearing Zones 

There are many small gossanous zones within the map area. Many of these zones are spatially 
associated with schistose, quartz-crystal-bearing (phenocryst, phenoclast) felsic rocks, although 
not all such rocks in the map area are gossanous. The zones are: 

-the CCFZ contains the Barren sulphide zone (BSZ) which consists of altered, locally quartz-
crystal-bearing, sericite schist containing pyrite, green muscovite, and trace amounts of gold; 
-near, and possibly within, the HFZ, just north of Highway 17 along "Fault" Lake (Highway 
Zone), is a thin, highly tectonized, sericitic, quartz-plagioclase-phyric fragmental unit, which 
contains pyrite, minor greenish muscovite, and erratically distributed gold; 
-extending northwest from Molson Lake, about 1.1 km south of the HFZ, is a felsic schistose, 
sericitic, quartz- and plagioclase-crystal-bearing arenaceous(?) unit that contains minor amounts 
of pyrite, rare green muscovite, and trace amounts of gold; 
-near the HFZ, just south of Highway 17 (large-scale F3 fold), is a small zone of feldspathized 
metasedimentary rocks which contain minor amounts of pyrite, and anomalous amounts of gold 
and molybdenite 

Depositional Models 

One of the roles of depositional models, in part, is to enhance exploration geologists' ability to 
discover and/or delineate new and old economic mineral deposits. In developing a model, it is 
critical mat the model is sufficiently descriptive, comprehensive, and realistic so as to facilitate 
this goal on a reproducible basis. Because all models are based on observations and extended 
interpretations, commonly of unseen, long-past events, all models have imperfections. An 
appropriate model, ultimately, is one which is predictable, testable, and applicable after field-
related data have been collected. 

The present setting of the Hemlo gold deposit does not necessarily reflect the original setting. 
The main cause of the uncertainty of the original setting is due to the modification of the deposit 
and host rocks by deformation, intrusion, metamorphism, and alteration. There are significant 
structural controls on the present distribution of mineralization. Any model which ascribes a 
depositional setting that predates the deformation features presently controlling the distribution 
of ore must account for the structural control that evidently took place. 

It is evident from the literature that various observations and interpretations have led to a wide 
variety of models being applied to the Hemlo gold deposit Virtually all models proposed to date 
are predicated on processes involving hydrothermal fluids. These models include a: 

-general (unspecific) epithermal model (Patterson 1984); syngenetic model (e.g., 
Quartermain 1985; Goldie 1985; Cameron and Hattori 1985; Valliant 1985; Valliant and 
Bradbrook 1986); 
-porphyry model (e.g., Kuhns 1986,1988; Walford, Stephens et al. 1986; Johnston and 
Smyk 1992); 
-ductile, shear zone, replacement model (e.g., Burk et al. 1986; Hugon 1986, Hugon and 
Schwerdtner 1988; possibly Harris 1989; Corfu and Muir 1989b); 
-skarn-type model (Pan and Fleet 1991b, 1992); and 
-non-specific hydrothermal models (Goad, 1987; Kusins et al. 1991). 
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In the early days of property acquisition and diamond drilling in the vicinity of the Hemlo gold 
deposit, a syngenetic model for exploration was popular (e.g., Valliant 1985). Hence, many of 
the early papers on the geology of the deposit proposed a syngenetic depositional setting. 
During the last 5 years, new data and interpretations have favoured a porphyry model or a shear 
zone model. 

Harris (1989, p.64-68) provides a pertinent summary of various authors* conclusions regarding 
the depositional setting of the Hemlo gold deposit This summary is not repeated here. The 
following is an attempt to test (not in detail), existing deposit models for the Hemlo gold deposit 
with the descriptive data set presented in this report 

General Deposit Characteristics 

By definition (see Bates and Jackson 1988), the Hemlo gold deposit is not stratiform (a type of 
strata-bound deposit) (cf. Valliant 1985; Valliant et al. 1985; Cameron and Hattori 1985; Kuhns 
et al. 1986; Kuhns 1986,1988; Walford, Stephens et al. 1986), because it does not constitute, nor 
is it coextensive with, one or more layers. At present, evidence suggests that the deposit is not 
strata-bound either (see Bates and Jackson 1988). The deposit would be stratabound only if the 
Quartz-Feldspar-Porphyritic Complex (i.e. the quartz-plagioclase-phyric pyroclastic deposits and 
quartz-plagioclase porphyry), the amphibole-rich-layer-bearing feldspathic metasedimentary 
rocks, and the biotite-predominant polymictic conglomerate are interpreted to be a single 
stratigraphic unit. Based on the present study, this interpretation is not considered appropriate 
(see detailed 1:5000 maps). 

Epithermal/Syngenetic Model 

Some of the evidence to be documented in support of an epithermal model for the Hemlo gold 
deposit could include (based on Henley 1985; Goldie 1985; Panteleyev 1991): 
-syngenetic— chemically precipitated deposits in the form of sinters or exhalites; 
stratigraphically underlying altered rocks; features indicative of subaerial deposition; 
-epithermal— predominant vein-controlled mineralization, possibly in dilational jogs; 
vein/bonanza-type ore; comb textures, crystal-lined vugs, crustified veins; 
-features applicable to both syngenetic and epithermal— textures indicative of boiling. 

Features such as similar metal and mineral associations as well as conformable, tabular, 
mineralized zones could be considered to be consistent with an epithermal deposit 

Two specific proposals for syngenetic deposition have been published. Goldie (1985) compared 
metal compositions of Hemlo to some sinters (i.e. subaerial environment) from New Zealand hot 
springs and suggested that the similarities could indicate similar origins. Although it could be 
argued that considerable strain and metamorphism would have modified considerably some of 
the primary textural and structural features (e.g., textures related to boiling), to date, none of the 
features listed above has either been documented or interpreted for the Hemlo gold deposit or 
vicinity (Muir 1985b, this report; Harris 1989; also literature related to the Hemlo deposit). It 
may well be that the differences in metal contents between the Hemlo deposit and New Zealand 
hot spring deposits may be more significant than the similarities. 

The most detailed syngenetic model proposed to date has been by Valliant and Bradbrook 
(1986). In this model, 3 particular, present-day lineaments are interpreted to have been 
synvolcanic growth faults that provided pathways for metalliferous hydrothermal fluids. 
Precipitation from the fluids is purported to have formed mineralized exhalative (i.e., 
subaqueous) deposits and mineralized permeable volcanic rocks. 
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Several significant points do not support such an interpretation. 
1) The mineralized units are not concordant; 
2) There is a reasonable amount of evidence to dispute the claim (Valliant and Bradbrook 1986) 
that all stages of fabric development, faulting, and folding affect the ore; 
3) No evidence was provided to demonstrate that the current-day lineaments are spatially 
associated with altered/mineralized rocks stratigraphically below the proposed exhalite; 
4) It is not clear how shallowly dipping synvolcanic growth faults could experience the degrees 
of multiple, commonly ductile, strain that the volcano-sedimentary rocks have been subjected to, 
and presently be preserved as relatively straight features (i.e., lineaments); some lineaments have 
no direct association with ductile strain, and all of the lineaments display much less than 100 m 
apparent offset of units, if any (see Guthrie 1984; detailed 1:5000 maps, and Figure 27, this 
report); and 
5) The low-angle discordancy between the ore and the highly strained fragmental or 
conglomerate unit is not readily explained with the syngenetic model (Burk 1986). 

Cameron and Hattori (1985) interpreted that gold, pyrite, and barite were deposited 
contemporaneously, based on the inferred presence of sedimentary barite, and that the Hemlo 
deposit was therefore, syngenetic. As pointed out by Burk (1986) and Kuhns (1988), the 
isotopic results are inconclusive. Cameron and Hattori (1985) and Hattori and Cameron (1987) 
note that the sulphate could have been derived from a magmatic-hydrothermal source. As 
indicated above (section on Factors Related Mainly to Alteration), the barite may not be 
sedimentary. 

A comparison of generalized characteristics of epithermal and mesothermal deposits (e.g., 
Panteleyev 1991, p. 165) indicates that the Hemlo deposit contains some metals that are similar to 
epithermal deposits. However, in terms of tectonic setting, structural setting, and Au: Ag ratio, 
the deposit resembles mesothermal deposits. Other factors listed in Panteleyev (1991), such as 
associated rocks, mineralogy, ore, vein textures, and hydrothermal alteration are not diagnostic, 
if either of the 2 types of deposit (i.e., epithermal, mesothermal) are actually appropriate. 

It remains unclear, however, what configuration a syngenetic deposit would have after 
undergoing the degree of strain that has taken place in the rocks. Nonetheless, until field 
evidence is presented that directly supports a syngenetic deposition, other models appear more 
consistent with the observed features. 

Porphyry Model 

Some of the evidence to be documented in support of a porphyry model for the Hemlo gold 
deposit could include (based on McMillan 1991): 
-a demonstrable genetic association with a porphyry intrusion; 
-widely dispersed mineralization in country rocks and porphyry body; 
-mineralization in a predominantly fracture-controlled, stockwork system, along with 
disseminated mineralization; 
-zoned alteration envelope; 
-zoned metal abundances; 
-multiple intrusions, yet specific mineralizing events; 
-dike swarms and breccia pipes accompanying mineralization; and 
-isotopic and compositional signatures of fluids characteristic of porphyry deposits. 

Features such as similar types of alteration and metal tenors could be considered to be consistent 
with a porphyry model. 

The only detailed porphyry model yet proposed for the Hemlo gold deposit is that by Kuhns 
(1988) in which he postulated a hypabyssal (epizonal) (<3.5 km, <1.5 kb) porphyry-related 
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system, involving a porphyry which intruded along an existing deformation zone, and pre-dated 
regional metamorphism, felsic plutonism, dike intrusion, and high strain. Walford, Stephens et 
al. (1986) postulated a porphyry copper-molybdenum system that post-dated regional 
metamorphism and was controlled in part by deformation along the Lake Superior shear zone. 
This dichotomy in timing, with respect to metamorphism, reflects differences in interpretation of 
metamorphic textures, mineral assemblages, and contact relationships. However, it underscores 
the problem of affixing a genetic model to a deposit where there are numerous features 
superposed on the deposit that alter its original characteristics. 

In more detail, Kuhns (1988) proposes that the Au-Mo mineralization was contemporaneous 
with the development of a potassic (microcline) alteration zone, which was enveloped by a 
sericitic (phyllic) zone, and possibly an argillic zone presently represented by aluminosilicate-
bearing rocks. A biotite-rich "fragmental" rock is suggested as a possible hydrothermally-
produced breccia. Kuhns (1988) also interpreted that: realgar, orpiment, cinnabar, and stibnite 
were highly mobile during mylonitization and regional metamorphism; and gold and, to a lesser 
degree, molybdenite were remobilized into structural traps such as quartz gash veins, pods, and 
boudins. Kuhns (1988) acknowledges that: no genetic relationship has yet been established with 
the quartz-plagioclase-phyric porphyry (termed "Golden Giant porphyry"; also termed "Moose 
Lake porphyry" by Kusins et al. 1991); mylonitic fabrics "obliterate" mineralized zones and 
"primary fabrics"; some redox relationships may lead to inaccurate estimates of Au-bearing fluid 
compositions; the determination of the source of sulphur in complex systems (e.g., Hemlo) may 
be impossible; and isotopic-based determination of the origin of the barite is inconclusive (cf. 
Cameron and Hattori 1985). 

More recently, Johnston and Smyk (1992) have also favoured a porphyry model in which various 
features are interpreted to be a mineralized stockwork and hydrothermally-induced brecciation, 
similar to that of Kuhns (1988). In their model, the Moose Lake porphyry is tentatively 
considered to be genetically related to the mineralization. 

From this study, it appears that some of the features associated with the deposit may be 
consistent with a porphyry model, but there are several aspects which require further 
investigation. The following elaboration attempts to address these aspects. 

1) Distribution of felsic, quartz-plagioclase-phyric rocks: The detailed map suggests that the 
distribution of these felsic rocks defines a partly disrupted, large "S"-shaped F 2 fold with an 
amplitude of about 2 km. The "massive" quartz-plagioclase porphyry appears to be restricted to 
the south limb of the fold, although information regarding the north limb is quite limited. The 
deposit is also restricted, largely, to the south limb within a high-strain zone. Contact 
relationships between the "massive" and fragmental felsic porphyritic rocks are equivocal (Mann 
1986; Figure 5, Plate lc of this study) although intrusive-looking contacts are present (Plate 9b). 
Although these aspects of contact relationships are consistent with a hypabyssal synvolcanic 
intrusion, it does not establish a volcanic/subvolcanic relationship. 

2) Genetic relationship: It is of critical importance whether the deposit is related to a 
hypabyssal, synvolcanic porphyry, and hence has undergone essentially the full extent of the 
strain recorded in the supracrustal rocks, or whether the deposit is related to a notably later 
intrusion, in which case, the mineralization may have been overprinted on rocks that had been 
strained previously. The single age of 2772 Ma (Corfu and Muir 1989a) for an interpreted 
subvolcanic porphyry does not resolve this issue. Further geochronologic sampling of the 
unaltered plagioclase porphyry (i.e., located largely north and west of Botham Lake), the bedded, 
reworked(?), feldspathic arenite to the west of, and near, the deposit, and the fragmental rocks on 
the south limb of the large "S"-shaped F? fold, could help to refine more closely the age(s) of the 
Quartz-Feldspar-Porphyritic Complex, which includes, in part, the Moose Lake porphyry, and 
the spatially associated feldspathic metasedimentary rocks. 
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If the ages for all of the quartz-plagioclase-phyric rocks are virtually the same (i.e., 2772 Ma), this 
supports a synvolcanic, hypabyssal intrusion as interpreted in this report. If the intrusion is genetically 
related to the mineralization, then the deposit must have undergone the complete history of strain as 
did the pyroclastic rocks. In this case, a complete model would have to account for: the restriction 
of the deposit to the south limb of the large fold within a high-strain zone; and the structural control 
on the ore and mineralization that appears to be related to a variety of strain events. If the intrusion 
is notably later than (i.e., younger), and genetically unrelated to, the enclosing fragmental rocks, then 
the host rocks could record strain not displayed by the mineralization. 

3) Dispersed mineralization/alteration: The auriferous mineralization is contained within a high-strain 
zone and consists of up to several (depending on the location within the deposit), structurally 
controlled, thin, tabular zones which presently have considerable strike continuity, particularly in the 
east end of the deposit (Kuhns et al. 1986; Burk et al. 1986; Burk 1986; Walford, Stephens et al. 
1986). This geometry is not consistent with classic porphyry deposits. The present geometry of the 
Hemlo gold deposit is at least, in part, the result of strain superposed on mineralized rocks. An 
evocation of a classic porphyry model would require considerable transposition of the entire 
altered/mineralized and country rock system to account for the present geometry. If this were the case, 
primary relationships and distributions of types of alteration would be considerably modified. An 
analogy to a classic porphyry system, with respect to the spatial distribution of mineralization/alteration, 
becomes rather difficult to evaluate, if not speculative. 

Any model that requires an early age for mineralization/alteration in an active, structurally controlled 
zone, should accompany evidence for that interpretation. Fundamental problems that remain include: 
-the maximum depth of formation of porphyritic textures, such as those present in the QFPC could be 
about 2 to 4 km (e.g., Sutherland Brown 1976; Kuhns 1988); 
-the minimum depth for development of ductile deformation, such as that observed within the Lake 
Superior shear zone, could be about 10 km for quasi-plastic flow and formation of mylonite (e.g., 
Sibson 1986). 
If these limits are appropriate to Archean systems, then the effects of ductile strain observed within the 
Hemlo gold deposit cannot be related to strain incurred during formation of a porphyry deposit. It is 
more likely that the ductile high strain affecting mineralization occurred during, or after, emplacement, 
possibly temporally associated with medium grade, regional metamorphism. In any case, evidence for 
synchronous porphyry-style mineralization and deformation, prior to ductile strain, appears to be lacking. 

4) Mineralization habit: Mineralization in the Hemlo gold deposit can be characterized predominantly 
as disseminated, with specific stockwork-like zones locally present. Gold and molybdenum grades 
are atypical of porphyry deposits (cf. McMillan 1991). Evidence indicates that gold and, to some 
extent, molybdenum have been remobilized during events post-dating mineralization (see Burk et al. 
1986, Kuhns 1988, Pan and Fleet 1992; also see section on "Factors Related Mainly to Mineralization", 
this report). What needs to be demonstrated is whether the stockwork is genetically related to porphyry 
system hydrothermal alteration events, or whether it is related to subsequent strain (i.e., fracturing) into 
which gold and molybdenum have been remobilized during regional metamorphism and/or subsequent 
alteration stages. Some remobilization, at least, may account for the structural control on mineralization 
that appears to post-date some of the deformation. 

5) Zoning and distribution: Alteration, mineralization, and ore-grade rocks in the Golden Giant Mine 
are interpreted, collectively, to be somewhat zoned and, in part, symmetrical about specific units 
(Kuhns, 1986, 1988; Kusins et al. 1991; Johnston and Smyk 1992). Whether these relationships hold 
for the deposit as a whole, remains to be documented. Porphyry-related alteration/mineralization 
systems can produce complex signatures with respect to potassic, phyllic, propylitic, and argillic zones, 
because of dynamic waxing and waning episodes related to magma and fluid movement (e.g., McMillan 
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1991). Therefore, the present spatial distribution of units, alteration, and metal distributions in a highly 
strained, and likely medium-grade-metamorphosed deposit, related to a porphyry-based system, may be 
more apparent than real. 

Rather than the argillic alteration inferred by Kuhns (1986, 1988) to explain the kyanite + sillimanite 
in the hanging wall rocks, Burk (1986) invokes isochemically metamorphosed argillaceous rocks, 
because of the presence of up to several mineralogically similar units located up to several hundred 
metres from the ore zone. Burk (1986) supports the contention that phyllic alteration has occurred, but 
places no genetic connotation to the term. In fact, Burk (1986) considers that a lower temperature, 
phyllic alteration has been superposed on the auriferous zones, possibly from metamorphogenic fluids. 
Burk (1986) also points out that thin, unmineralized muscovite-rich schists occur elsewhere, in the mine 
rocks, in apparently unaltered rock. 

The origin of the "biotite fragmental" unit is important. The unit contains non-preferentially distributed 
lenses, which, in the less deformed parts of this "unit", are largely pebble- or lapilli- size and 
polymictic in overall compositions (e.g., schists, granofels, porphyritic-textured). This unit is 
sufficiently tectonically modified that contact relationships with adjacent units are obscure: some lenses 
may be tectonically induced. The ore is locally discordant with respect to the "biotite fragmental". 
The above characteristics must be explained in light of a proposed "hydrothermal breccia" (i.e., Kuhns 
1988, Johnston and Smyk 1992) 

In various parts of the deposit, the thickness of the fragmental unit has an antipathetic relationship with 
ore thickness (Burk et al. 1986; Kuhns et al. 1986; Kusins et al. 1991). Johnston and Smyk (1992) 
note that, in the Golden Giant Mine, high-grade zones are coincident with weakly sericitized porphyry 
and form a rim around the fragmental unit. However, in the David Bell Mine, the main ore zone is 
discordant to, and not limited to being within, the fragmental unit (Burk 1986). 

6) Multiple intrusions: Variations in rock types and textures exist within the QFPC. For instance, 
there is the quartz-plagioclase-phyric Moose Lake porphyry and the plagioclase-phyric porphyry 
(perhaps these porphyries are part of the same porphyry system). Other phases may be present but 
were not consistently outlined at the scale of this study. The QFPC also consists of an undetermined 
number of fragmental (pyroclastic?) units. Dike swarms within the QFPC exist, but swarms also occur 
well outside of the QFPC. The swarms are interpreted to be much younger than the QFPC based on 
field and geochronologic relationships, and appear to be approximately contemporaneous (comagmatic?) 
with plutons and stocks (e.g., Corfu and Muir 1989a, 1989b). As yet, dikes and dike swarms 
genetically related to the QFPC have not been identified. 

Bodies and dikes of intrusion breccia with a lamprophyric matrix and exotic xenoliths are locally 
surrounded by brecciated country rocks that may represent diatreme activity. The intrusion breccia, 
which occurs within non-ore-grade, altered rocks on the Golden Sceptre and Williams properties, locally 
contains xenoliths of what appear to be previously foliated and altered (microclinized) quartz-
plagioclase-phyric country rock. The interval between diatreme-like brecciation and intrusion is 
undetermined, as is the relationship to the hydrothermal alteration system associated with the Hemlo 
gold deposit. Similar lamprophyre dikes containing xenoliths occur outside of the QFPC (e.g., Figure 
39) and in other parts of the Schreiber-Hemlo greenstone belt (e.g., Muir 1982a, 1982b). 
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7) Isotopic signatures: Collectively, isotopic studies of the Hemlo gold deposit have produced 
results which lead to a variety of conclusions (cf. Cameron and Hattori 1985; Hattori and 
Cameron 1987; Kuhns 1988; Thode et al. 1991a, 1991b; Michibayashi and Jaireth 1991). 
Hattori and Cameron (1987) acknowledge that barite, for instance, may have been derived from 
a magmatic hydrothermal source. They also point out mat the sulphur isotope data from the 
Hemlo deposit are markedly different from those of other known mineralization and rocks in 
Archean terrain. The complexities of the geological history of the area and the prospects of 
multiple alteration and metamorphic events, each involving fluids with different characteristics, 
constrain the extent to which extrapolation of present istopic compositions can be made (e.g., 
Michibayashi and Jaireth 1991). 

Shear Zone Model 

Some of the evidence in support of a shear zone model for the Hemlo gold deposit could include 
(based on Colvine et al. 1988): 

a)gold deposit consisting of one or more ore zones having shapes, orientations, and distribution 
related to smaller-scale structures within a larger-scale deformation zone; 
b)typically lenticular or tabular ore zones composed of veins, breccia zones, and/or stockwork 
systems; 
c)ore zones typically hosted by structures which transect stratigraphy, but may be localized 
within specific strata; 
d)ore zones tending to plunge subparallel to a stretching lineation related to the shearing; 
e)ore zones localized by zone(s) of anomalously high strain within a deformation zone; 
f)mineralization favouring a particular rock type due to a strong competency contrast between 
adjacent rock types; 
g)specific sites of structural features within, and along, deformation zones such as fold limbs 
and fold noses; 
h)mineralization contemporaneous with the development of various fabrics (e.g., s-c-c') and/or 
fractures or shears (e.g., P, P',R, R'). 

Features such as a lack of direct evidence for a deeper-seated intrusion could be considered to be 
consistent with a shear-related model. 

Most Archean gold deposits are sited within complexly deformed and altered rocks. The shear 
zone model has been proposed to account for this distribution of many economic Archean lode 
gold deposits in Ontario, although the precise role of major crustal structures is not completely 
understood (Colvine et al. 1988). Sibson et al. (1988) propose, in part, an association between 
high-angle reverse or reverse-oblique shear zones for many mesothermal gold-quartz deposits. 

Several of the requisites listed above appear to be consistent with the Hemlo gold deposit in that: 
there are multiple, tabular to lenticular ore bodies, spatially associated mainly with 
metasedimentary and quartz-plagioclase-phyric rocks along or near a zone of competency 
contrast; the deposit is hosted within transecting structures, apparently plunging parallel to some 
lineations; and some of the characteristics of non-ore-grade mineralization and alteration are 
structurally controlled (see section on Characteristics of the Hemlo gold deposit setting). 
Nonetheless, the following aspects indicate that the temporal association of mineralization with a 
specific period of dextral shear (e.g., Hugon 1986) is equivocal. 

Burk et al. (1986) have proposed that mineralization and potassic alteration, related to the Hemlo 
gold deposit, shortly pre-dated, or were synchronous with, the development of high-strain zones 
that formed contemporaneously with a second stage of medium-grade, lower pressure 
metamorphism. The interpretation of a contemporaneous relationship was based on mineral 
textures. Burk (1986) suggested that competency contrast between the felsic metavolcanic and 
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metasedimentary rocks resulted in dilatancy which enhanced permeability during hydrothermal 
fluid flow. Hugon (1986) noted that the deposit lies within a major ductile, dextral-sense, high-
strain fault zone (Lake Superior shear zone) and interpreted that gold mineralization occurred 
syntectonically, but post-peak metamorphism and post-intrusion of the Cedar Lake Pluton. 
Corfu and Muir (1991b): 
1) inferred that the Hemlo gold deposit is presently contained within a zone which records a 
complex history of magmatism, metamorphism, deformation, and prolonged hydrothermal 
activity; 
2) pointed out that some evidence which suggested relatively late gold mineralization was in 
conflict with some field evidence suggesting an earlier event; and 
3) tentatively interpreted that mineralization occurred roughly between 2680 and 2670 Ma, and 
between medium- to low-grade metamorphic stages which correlated with early and late stages 
of dextral shearing. 

The timing of high-strain-zone development relative to intrusion of dikes is more difficult to 
resolve. However, if dikes and plutons are roughly synchronous, then field evidence indicates 
dextral shearing (i.e., D3 of this report), post-dated intrusion (Plate 6a). If the dikes cut highly 
strained ore, and the dikes are much less strained than the ore (note the continuity of dikes in 
Williams property A Zone, Figure 29, Plate 13f), then at least some of the high strain pre-dated 
D3. This particular pre-D3 strain event is interpreted in this report to be related to the latter 
stages of D 2 . 

Field relationships at the Heritage east outcrop indicate that the mineralized zone is fault bound 
at the hanging wall and discordant, and possibly fault bound at the footwall (Figure 27). The 
same relationship was noted with the hanging wall in the Williams property A Zone (Walford, 
Stephens et al. 1986; see Figure 29, this report). Transposed layering and dismembered folds, 
some of which are S-shaped can be recognized within the fault-bounded and discordant 
mineralized zone (Heritage outcrop, Figure 27). F 2 folds are present in the footwall quartz-
plagioclase porphyry (Plate Id) and hanging wall rocks (Plates 13c and 13d). Evidence for F 2 

folds within the mineralized zone and the ore zones is absent or not recognized. The overall 
appearance is one of mineralization/alteration overprinting D2-folded and otherwise strained 
rocks. The presence of relatively contiguous pre- to syn-dextral-shear (i.e., pre- to syn-D3) dikes 
that post-date mineralization could indicate that the degree of strain associated with dextral shear 
is much less than postulated (cf. Hugon 1986). 

At the eastern end of the deposit, Burk (1986) noted that the David Bell Mine orebodies and 
enclosing rocks, which have a general strike of 105° (285°), appear to be truncated along a 
130°-stnking (310°) discordancy (see property maps: Quartermain 1985, Burk et al. 1986) 
(bracketted numbers are for direct comparison to orientations reported in this study). This was 
also inferred from structural element orientations and lithotectonic unit distribution during 
detailed mapping for this study. The overall strike of the main mineralized zone is about 290°, 
which is close to 285°. Orientations of 310° were recorded in this study for fabrics and planar 
fractures/faults, many of which are spatially associated with vein-like alteration on the Golden 
Sceptre (Hemlo Gold Mines Inc.) and Williams properties, or with c' fabrics in dextral shear 
zones (i.e., ore is parallel to specific structures). 

The overall 290° orientation of the Hemlo gold deposit may have a significance that is generally 
unappreciated (K. Heather, personal communication, 1989). At a larger scale than this study, 
Heather (in preparation) attempts to relate the present orientation of auriferous and non-
auriferous high-strain zones, in the Missanabie-Renabie, Ontario area, in a complex scenario 
involving: a history of folding, high strain, and introduction of gold; followed by additional high 
strain. Recognized orientations for generalized high-strain zones in the Missanabie-Renabie 
area are 080" (260°), 140° (320°), and 110° (290°), with the latter being the highest grade and 
latest high-strain zone to develop. The predominant and conspicuous 290° orientation of the 
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main mineralized zone of the Hemlo gold deposit may not be fortuitous. The reader is 
encouraged to investigate the reports by Heather (in preparation). Fyon et al. (1992) summarize 
and compare various features of numerous Archean gold deposits in the Superior Province of 
Ontario, including orientation of spatially associated deformation zones. The 290° orientation, 
along with some other orientations, appears to be statistically significant. 

Sibson et al. (1988) consider that high-angle reverse faults commonly have developed along 
existing structures, particularly during crustal shortening, and may tap regions of active 
metamorphism. Hugon (1986) proposes high-angle reverse-oblique movement along the Lake 
Superior shear zone, although several points raised in preceding sections in this report question 
the shear zone kinematics and the magnitude of displacement along this zone. The inferred dip 
of the Lake Superior shear zone (-65", parallel to the main unit/fabric dip), is consistent with the 
high-angle designation of Sibson et al. (1988). 

Overall, several characteristics of the Hemlo gold deposit are consistent with some aspects of 
shear zone-hosted lode gold deposits. However, mineralization and structural features do not 
appear to be temporally consistent with the Do period of high strain. Nor is it clear whether 
mineralization was synchronous with, or pre-dated high strain. However, the alteration and 
mineralization are presently structurally controlled by fabrics and structures which are consistent 
with ductile to ductile/brittle flattening and/or shearing. By the very orientations, these features 
are not instrinsically consistent with early synsedimentary/synvolcanic tectonism. 

Skarn Model 

Some of the evidence to be documented in support of a skarn-associated gold-only model for the 
Hemlo gold deposit could include (based on Meinert 1989): 
-mineral assemblages typical of gold skarn deposits, such as potassium feldspar, biotite, prehnite, 
idocrase, scapolite, apatite and titanite; 
-sulphide minerals and metals typical or gold skarn deposits, such as arsenopyrite, pyrrhotite, 
and marcasite, and possibly notable bismuth minerals 
-restricted spatial distribution of gold to skarn mineral assemblages; and 
-restricted temporal relationship of gold to the skarn event. 

A relatively late, post-peak metamorphic, low- to very low-grade, gold-bearing skarn event has 
been proposed by Pan and Fleet (1991b, 1992) for the Hemlo gold deposit Pan and Fleet 
(1991b) proposed that potassic alteration (500°C, 3 kb), associated with the Hemlo gold deposit 
occurred at about 2671 Ma (based on a date by Masliwec et al. 1986), contemporaneous with F3 
deformation (extrapolated from Muir and Elliott 1987) in a regional structural lineament, during 
the waning stages of regional thermal metamorphism (580°C, 3-4 kb); and that the gold-bearing 
skarn alteration (350°C, <2 kb) coincided with the development of monazite at about 2645-2632 
Ma (based on Corfu and Muir 1989b) and the F^stage of deformation (based on Muir and Elliott 
1987). This was subsequently refined (Pan and Fleet 1992) to: potassic (plus Ba, V) alteration 
(500 6C, 3 kb) at 2671 Ma, contemporaneous with Cr (400 ± 50 bC, 3 kb) and Fe (500-560°C, 4 
kb) skarn development on the White River property, to the southeast of the map area (see Pan et 
al. 1991b), and late, gold-bearing calc-silicate alteration, and possibly some remobilization, 
within the Hemlo deposit (200-400°C, 1-2 kb) at 2644-2637 Ma, contemporaneous with late, 
gold-bearing calc silicate alteration (350°C, 1.7 kb) on the White River property. A protracted 
period of skarn metasomatism, from about 2671-2637 Ma, is inferred by Pan et al. (1991b). Pan 
and Fleet (1992) suggest that: the potassic alteration within the Hemlo deposit is "equivalent" to 
the Cr and Fe skarn metasomatism on the White River property; and that the Cr, Fe, and K 
alteration was controlled by the host rocks, which were interpreted to be ultramafic, mafic, and 
felsic/metasedimentary respectively. Pan and Fleet (1992) note barite, which they interpret to be 
remobilized, in the calc-silicate veins. 
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It would appear, from points raised in the above section, that there are temporal problems with 
this model. The following inferences and points from this study and the literature are presented; 
-the felsic to intermediate dikes are broadly synchronous with the plutons (2688-2684 Ma, Corfu 
and Muir 1989a); 
-these dikes cut previously strained ore zones (Figure 29, Plate 13f); 
-the intrusions resulted in at least one regional metamorphic event; 
-the mtrusjons predated Da (i.e. dextral shear) deformation (e.g., Plate 6a); 
-the 4 0 A T / 3 9 A T age of 2671 Ma for green mica (Masliwec et al. 1986) does not necessarily date 
the potassic metasomatism by way of inferring a blocking temperature. Alternatively, it could 
record the last age of thermal resetting (Burk 1986), which appears to coincide with an inferred 
metamorphic event of 2672-2670 Ma (Corfu and Muir 1989b). 

If these deductions are correct, then the non-ductilely deformed crosscutting veins and infillings 
of skarn-like mineral assemblages, reported by Walford, Stephens et al. (1986) and Pan and Fleet 
(1992) as post-dating peak metamorphism, must overprint the previously ductilely deformed ore. 
The late calc-silicate alteration is not restricted to the Hemlo gold deposit per se. It is reported 
also in the hanging wall rocks (Walford, Stephens et al. 1986) and in other parts of the 
greenstone belt (Pan and Fleet 1991b, Pan et al. 1991b). 

In comparing mineralogical features of the Hemlo gold deposit to gold skarn deposits, the 
presence of potassium feldspar, biotite, titanite, and prehnite, is consistent with many gold skarn 
deposits. However, some of these minerals, notably potassium feldspar and biotite are not 
restricted to the deposit. Although arsenopyrite is locally a major ore mineral, it is most 
abundant in the hanging wall (Harris 1989). Whereas pyrrhotite locally exceeds the modal 
abundance of pyrite, it is rare in the central part of the deposit (Harris 1989). Marcasite, native 
bismuth, and bismuth-bearing minerals are not noted in the deposit (see Harris 1989) and the 
common presence of molybdenite in the Hemlo gold deposit is not characteristic of gold skarn 
deposits in general. 

The presence, in the Hemlo gold deposit, of a notably minor amount of gold associated with 
calc-silicate minerals suggests that pre-existing gold was remobilized at the time of skarn 
alteration (and probably during an earlier metamorphic event as well), although minor additional 
gold may have been introduced. The disseminated gold-molybdenum mineralization which 
forms the vast majority of ore cannot be accounted for, solely in a late vein and fracture-related 
event. 

Summary 

Most of the models are consistent with some of the empirical features of the Hemlo gold deposit 
However, no individual model appears to adequately account for all of the observed 
relationships. In the author's opinion, 2 models in particular appear to be more appropriate: a 
porphyry model and/or a shear zone model. The major drawbacks, at present for the porphyry 
model appear to be: a lack of a demonstrable genetic and temporal link between mineralization 
and an exposed or unexposed porphyry intrusion; and the structural control on mineralization by 
features that are consistent with much larger-scale, later tectonism. The major drawbacks for the 
shear zone model, at present appear to be: a lack of demonstrable temporal association between 
mineralization and ductile shearing; and an equivocal role of D 2 fold axes and lineations with 
respect to the plunge of the main orebody. 

Difficulty in selecting a single, appropriate, depositional model results from the overprinting of 
strain and metamorphism on a complexly evolved hydrothermal system involving mineralization 
and alteration, which may have been superposed on previously deformed rocks. The variety of 
models applied to the Hemlo gold deposit, and the plethora of interpretations regarding 
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depositional, structural, metamorphic, and alteration histories attest to the complexities of the 
geological history, and perhaps the lack of refinement of aspects of the models. 

Tentatively, the author favours a shear zone model in which a hydrothermal system developed 
within a major crustal discontinuity that predated the Dj stage of deformation involving dextral 
shear. Figure 41 draws loosely on the presentation by Fyfe and Henley (1973) as being 
applicable to the depositional setting of the Hemlo gold deposit (cf. also, Sibson et al. 1988). 
The discontinuity likely continued to be progressivly or episodically active, both tectonically and 
thermally, during and/or after mineralization. Notwithstanding the dilemma imposed by 
insufficient geochronologic sampling (with respect to the age of the "massive", felsic, quartz-
plagioclase-phyric unit and the enclosing fragmental and sedimentary rocks), the presence of the 
quartz-plagioclase porphyry body is considered to have been important by contributing to a 
competency contrast with adjacent rocks, and providing a chemically favourable site during 
rock/fluid interaction. 

Although tectonic and metamorphic modifications complicate characterization of the Hemlo 
gold deposit, the deposit does share some mesothermal characteristics. Remobilization of 
mineralization as well as modification of deposit-associated features during subsequent strain 
and metamorphism, are considered to have been significantly underestimated in previous studies 
when interpreting features and considering appropriate models. More detailed testing of models, 
with respect to the Hemlo gold deposit, will lead to a better understanding of the deposit only if 
attention is also paid to expanding and refining the observational data base for the deposit. 

Concluding Statements 

Overview 

The geological history of the Hemlo gold deposit vicinity is profoundly complex. This precludes 
a determination of a simple and reliable, holistic chronological solution for the depositional, 
structural, metamorphic, alteration, and mineralizing events. The complexities have resulted in 
many equivocal relationships, and this has led to diverse interpretations on the depositional 
setting and timing of mineralization. The detailed study presented here has resulted in the 
corroboration of some of the findings of other workers, while challenging other findings, and 
presenting additional findings for others to evaluate. 

In a concise summary, the following observed and interpreted points are put forth, with the 
acknowledgment that some relationships are still yet to be firmly established. These 
relationships are, nonetheless, critical to the establishment of a complete and accurate 
interpretation: 

1) Felsic, quartz-plagioclase (2772 Ma) and plagioclase porphyries intruded as subvolcanic rocks 
into deposits of pyroclastic rocks and reworked equivalents that variably contain quartz and 
plagioclase phenocrysts and phenoclasts respectively. Other spatially associated rocks include 
turbiditic deposits of wackes and massive and pillowed mafic volcanic flows. 

2) Early, ill-characterized deformation ( D i ) was followed by a regional folding event ( D 2 ) 
producing predominantly S-shaped folds. Progressive deformation resulted in high-strain zones 
either due largely to flattening and/or to sinistral shear. 

3) A dynamic, evolving, hydrothermal fluid system, synchronous with high-strain-zone 
development, was initiated in one of these zones (i.e., presently termed the Lake Superior shear 
zone) (see Figure 41) and led to complex alteration and mineralization events. The high-strain 
zone structurally controlled and confined the mineralization to several tabular zones which 
occurred at moderate depths and resulted in overprinting and replacement of transposed, folded, 
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and disrupted sedimentary and volcanic rocks. Some additional control on the deposition and 
distribution of mineralization may have been imposed by the compositionally and 
rheomorphically contrasting rocks within the developing zone of high strain, for example, the 
felsic volcanic footwall rocks and the sedimentary hanging wall rocks. Fluid passage within the 
high-strain zone could produce mineral assemblages inconsistent with regional style 
metamorphism for the depth of formation (Figure 41). The rocks were subjected to a prolonged, 
thermal episode, with subsequent related and unrelated events that utilized the existing crustal-
scale weakness for transport 

Mineralization that developed during the formation of the Hemlo deposit was disseminated and, 
possibly later, fracture-controlled. Some alteration and mineralization features resemble those 
that formed from a porphyry-type, hydrothermally driven system. However, if so, the porphyry 
is neither exposed nor identified in the present mine workings. 

4) A major episode of magmatism (2688-2684 Ma) resulted in: intrusion of plutons and dikes, 
which, as yet, are not demonstrably genetically associated with the hydrothermal system; and 
onset of regional metamorphism. The dikes cut the ore zones which by now had undergone 
notable strain. Continued D 2 strain produced preferred dimensional orientation of minerals in 
the dikes and led to boudinage. Some remobilization of gold, barite, and possibly molybdenite 
may have occurred. 

5) Associated with the episode of plutonism was a regional metamorphic event (Mj), which may 
have been superposed on hydrothermally altered, thermally elevated(?) rocks. 

6) A hiatus in ductile strain during conditions of elevated temperature resulted in additional 
metamorphic mineral growth. The deposit may have undergone an externally imposed 
metamorphism during this period (i.e., its temperature was raised during metamorphism), or the 
deposit may have been at elevated temperatures due to a prolonged, locallized, hydrothermal 
system. 

7) An episode of dextral shearing (D3) took place, either at continuing elevated temperatures or 
during a second, regional thermal event (M 2). Timing of this event may have coincided with 
plutonism (i.e., Gowan Lake Pluton, outside of the map area) and development of titanite within 
the hydrothermally altered zone of rocks (ca. 2676 Ma). The shearing resulted in overprinting 
and enhancement of existing high-strain zones, shortening of units including previously 
boudinaged dikes, and modification of the deposit with local remobilization of some gold, 
molybdenum, mercury, antimony, arsenic, and barite into relatively late-stage, brittle-ductile 
structural features. 

8) Progressive, dextral-sense deformation within a brittle-ductile to brittle regime resulted in 
development of zones of cataclasite and pseudotachylite. By this point the summation of strain 
in the form of folding, transposition, dismemberment and shearing/faulting resulted in a 
considerably modified stratigraphic section consisting of an undetermined number of 
tectonostratigraphic units. At some point, from the development of D 2 high-strain zones and 
development of D3 shearing, the supracrustal rocks were deformed into a large-scale sinuous 
shape such that the majority of the Hemlo gold deposit and the enclosing tectonostratigraphic 
host units now have a strike of about 290° within a generally east-striking greenstone belt 
Significant changes in the style and structural control of ore- and subore-grade mineralization are 
spatially associated with the inflection in the greenstone belt from a strike of about 270° to 
290°, presently centred on the Williams property. Remobilization of gold during metamorphism 
and various stages of strain modified, and may have ugraded, the gold tenor. It is possible that 
some Au and Mo may have been remobilized into stockwork-like fractures, accompanied by 
alteration, during this stage, and hence record the orientation and commensurate low degree of 
strain associated with this relatively later event 
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9) An episode of brittle strain (D4) resulted in faults and fractures, some of which form 
conjugate sets. This may have been temporally associated with an additional low-grade thermal 
event that resulted in the development of some rutile, monazite, unoriented muscovite 
poikiloblasts, and calc-silicate alteration (skarn), with further remobilization or introduction of 
gold (possibly ca. 2650-2630 Ma). 

10) Interpreted offset of diabase dikes (2460 Ma and younger) and minor shearing of 
lamprophyre dikes (ca 1100 Ma) indicates additional, much later, crustal movements. 

Epilogue 

The Hemlo gold deposit presently lies within a zone that has undergone a protracted, complex 
history of deformation, magmatism, metamorphism, and hydrothermal events. Readjustment of 
the characteristics and distribution of rocks, minerals, and metals during these events likely have 
been more profound than is generally appreciated, which may lead to erroneous interpretations 
regarding timing of events and, in particular, mineralization and depositional setting. 
Particularly susceptible are lithologic relationships, mineral paragenesis, isotopic signatures, and 
specific mineral sites and habits. 

The present strike of the high-strain zone (i.e. 290°) in which the highest gold tenors are found 
may be statistically significant on a greenstone belt, subprovince, or possibly even province-wide 
scale. This has implications for additional refining of exploration targets when placed into 
context with other, Superior Province, lode gold deposits (e.g., Fyon et al. 1992; Heather, in 
preparation). 

Not every felsic porphyry contains notable mineralization, nor does every shear zone. Is a 
spatial association of a felsic porphyry with gold mineralization a result of a genetic relationship, 
a suitable chemical environment for epigenetic deposition, a competency/permeability contrast, 
or a combination of some of these factors? (see Corvine et al. 1988 for elaboration). Similarity 
of a few selected characteristics between Phanerozoic and Archean deposits does not in itself 
establish similarity in depositional processes. The principle of uniformity is not absolute, and 
the application of a model to a deposit is ultimately only appropriate if the environment of 
deposition/tectonism of the deposit, which has to be established, not assumed, is appropriate to 
the model. 

If the overview for the formation of the Hemlo gold deposit presented above is correct, at least in 
large part, then it appears that one simple model (e.g., of the types presented in the previous 
section), may not be sufficient to use effectively in exploration. The surface configuration of 
mineralized and altered rocks, the 3-dimensional geometry of the Hemlo gold deposit, and the 
history of exploration for this deposit, all demonstrate that even large-scale lode gold deposits 
may provide narrow windows for defining exploration targets. It remains for exploration 
companies to decide whether: 

-single criterion such as spatial association with a felsic porphyry, spatial association 
with a high-strain zone, types of alteration, types of contained metals, or geometry should 
be the primary factor on which to base an exploration program; or 
-some combination of criteria offers, overall, a greater chance for successful discovery of 
economic deposits from a longer term perspective. 

Many of the geological relationships are difficult to establish and remain unclear. There are 
numerous topics that warrant additional research and the opportunities to investigate the deposit 
in detail should not be missed. 

Appendix 

135 



Table 10: Table of analytical methods and capabilities 
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FIGURE LIST: LONG CAPTIONS 

Figure 1: Geographic location map. 

Figure 2: Setting of Hemlo gold deposit area relative to other greenstone belts, 
north-central Ontario. 

Figure 3: Regional geology of the east half of the Schreiber-Hemlo greenstone belt. 
Modified after OGS maps 2220, 2439, 2452, P.2701, P.2702, P.2738, P.2739. 

Figure 4: Generalized lithologic (lithotectonic) units in the Hemlo gold deposit map 
area, scale 1:20 000. Alphanumeric codes depict predominant rock type and 
correspond to the master legend for the detailed maps (scale 1:5000) (see also Table 
2). Closely spaced dots outline approximate area of contiguous pervasive alteration 
spatially associated with the Hemlo gold deposit. Coarsely spaced, heavier dots 
outline colour boundary of map area or internal areas with insufficient information 
for extrapolation of units. 

Figure 5: Sketch of the equivocal contact relationship between massive quartz-
plagioclase porphyry and an intermediate quartz-plagioclase-phyric fragmental rock. 
Lithologic codes as in Table 2. Sketch based on exposure on L28W, 0+17 m S, 
Golden Sceptre property. See also, Plate 2c. 

Figure 6: Summary of U-Pb isotopic ages from Corfu and Muir (1989a, 1989b). 
Rock unit abbreviations: 

HBv = Heron Bay volcanic rock; 
GL = Gowan Lake Pluton; 
HBi = Heron Bay Pluton, interior sample; 
HBm = Heron Bay Pluton, marginal sample; 
PCm = Pukaskwa Gneissic Complex, marginal sample; 
PCi = Pukaskwa Gneissic Complex, interior sample; 
GSv = Golden Sceptre property subvolcanic rock; 
GSp = Golden Sceptre property porphyry dike; 
PWs = Page Williams schist; 
PWp = Page Williams porphyry dike; 
PWd = Page Williams dioritic dike; 
Ws = Williams schist; 
GGs = Golden Giant schist; 
CC = Cedar Creek Stock; 
CLs = Cedar Lake sill (adjacent to Cedar Lake Pluton); 
CLm = Cedar Lake Pluton, marginal sample; 
CLi = Cedar Lake Pluton, interior sample. 
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Figure 7: Generalized traces of planar fabrics and layering for the Hemlo gold 
deposit map area, scale 1:20 000. 
Symbols: 

heavy dashed lines = major fault zones; 
continuous thin lines = SQ/S^ 
thin dashed lines = S 2 (all varieties); 
dotted lines = S3 (S3 s). 

Structural designations as in Table 3. 

Figure 8: Generalized linear fabrics for the Hemlo gold deposit area, scale 1:20 000. 
Symbols with solid lines represent D 2 structural elements. Symbols with dashed 
lines represent D 3 structural elements. 
Circular-tipped symbols represent mineral lineations with plunge as follows: 

half circle = <30°; 
open circle = 31° to 60°; 
solid circle = 61° to 90°. 

Triangular-tipped symbols represent fold axes with plunge as follows: 
arrow head = <30°; 
open triangle = 31° to 60°; 
solid triangle = 61° to 90°. 

Square-tipped symbols represent elongation lineations with plunge as follows: 
half square = <30°; 
open square = 31° to 60°; 
solid square = 61° to 90°. 

Dotted lines represent generalized surface and near-surface, up-dip-projected ore and 
subore-grade zones of the Hemlo gold deposit. 

Figure 9: Sketch of generalized relationship, in an F 2 fold, between an earlier, vein
like cleavage (S^) and a later, wispy, differentiated layering (S2) within specific 
layers (Sj). Upper diagram taken from exposure on northeastern limb of large-scale 
Cedar Creek fold, Highway 17 (west of Cedar Creek) (corresponds to STOP 8 of 
Muir 1991). Angular relationship between layering and cleavage is exaggerated. 
Lower diagram taken from exposure on northeast side of turnoff to David Bell Mine 
at Highway 17 (corresponds to STOP 9 of Muir 1991). Cleavage is best developed 
in the more quartzofeldspathic part of layering. Lithologic codes as in Table 2. 
Structural designations as in Table 3. Modified after Muir and Elliott (1987). 

Figure 10: Sketch of relationship between what appears to be 2 stages of 
development of S 2 cleavage: an earlier, spaced, cleavage (S2) and a later(?), spaced, 
axial-planar cleavage (S2.) of the same style. The S2. cleavage may be related to 
progressive deformation during D 2 (see text) or, alternatively, it may be related to 
D 3. Lithologic codes as in Table 2. Structural designations as in Table 3. Stippling 
used to emphasize layering. Located on north side of Highway 17, north of west 
end of "Fault" Lake. Modified after Muir and Elliott (1987). 
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Figure 11: Sketch of boudinage in plagioclase-phyric dikes (14a). The dikes 
collectively show variation in behaviour related to ductility contrast. Configuration 
is interpreted to be related to D 2 extension, followed by contraction during D 3 to 
create Z-shaped fold and crenulation of S iS 2 (e.g., lower right). Lithologic codes as 
in Table 2. Located on north side of Highway 17, north of west end of "Fault" 
Lake, near site of Figure 13. Modified after original sketch by C.G. Elliott. 

Figure 12: Sketch of boudinage (extension) in a mafic dike (lib), followed by 
contraction during D 3 to produce F3 Z-shaped folds and an S3 crenulation cleavage. 
Lithologic codes as in Table 2. Structural symbols as in Table 3. Located on 
Williams property, C Zone east outcrop (equivalent to L3+50E, 1+78 m S). See 
Figure 26B for location of Figure 12. 

Figure 13: Sketch of relationship between faintly layered wacke (5c), locally with 
magnetite-rich layers (5ck), S 2 preferred dimensional orientation of minerals, 
plagioclase-phyric dikes (14a), F3 folds, and D 3 cataclasite. Lithologic codes as in 
Table 2. Structural designations as in Table 3. Located on north side of Highway 
17, north of west end of "Fault" Lake, near site of Figure 11. 

Figure 14: Sketch showing development of S3c. shear bands in mafic phyllonite (lj) 
adjacent to intermediate dike (13a). Lithologic codes as in Table 2. Structural 
designations as in Table 3. Located within Hemlo fault zone, on north side of 
Highway 17, northeast of "Fault" Lake. Modified after original sketch by C.G. 
Elliott. 

Figure 15: Sketch showing results of D l s D 2, and D 3 structural elements. 
Dislocation (unknown generation) of layering is locally common in many outcrops 
and, on a larger scale, contributes to development of lithotectonic units. Diagonal 
pattern represents amphibole-rich layers. Garnet and staurolite present in outcrop. 
Lithologic codes as in Table 2. Structural designations as in Table 3. Located near 
nose of Williams property fold, about 135 m west-southwest of Back 40s outcrops. 

Figure 16: Sketch showing relationship between Sl9 S2, and S3. Diagonal pattern 
represents amphibole-rich layers in staurolite-garnet-bearing metasiltstone. Lithologic 
codes as in Table 2. Structural designations as in Table 3. Located near nose of 
Williams property fold, about 155 m west-southwest of Back 40s outcrops. 

Figure 17: Sketch showing spatial association of discrete dextral displacement and 
cataclastic breccia. Layered rock is a feldspathic arenite (4b) which may have 
undergone some feldspathization. Stippling represents 2 specific layers for reference. 
Dash infill represents cataclastic breccia. Solid black represents quartz vein. 
Lithologic codes as in Table 2. Located about 75 m north of Highway 17, on 
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Hemlo Gold Mines effluent access road south of Cedar Creek. Modified after 
original sketch by C.G. Elliott. 

Figure 18: Sketches showing various relative orientations of what are interpreted to 
be sets of D 4 fractures. All lines shown represent main fractures (longer, heavier 
line weight) and subsidiary sets of fractures (shorter, lighter line weight), except as 
indicated. Spacing of subsidiary fractures is not to scale. Locations of observations 
indicated on diagram. 

Figure 19: Sketches of various relationships of Sx and S 2 to garnet and staurolite 
porphyroblasts. A) and B): clockwise-rotated staurolite porphyroblasts which appear 
to have overprinted S2. Located on north side of Highway 17, just east of thick 
diabase dike occurring west of David Bell Mine (corresponds to STOP 17 of Muir 
1991). C): clockwise-rotated garnet porphyroblasts may have overgrown S 2 during 
dextral shear. Located on Williams property, Back 40s outcrops, south half. 
Structural designations as in Table 3. Modified after Muir and Elliott (1987). 

Figure 20: Generalized distribution of surface and projected-to-surface ore and major 
mineralized zones of the Hemlo gold deposit. 

Figure 21: Generalized longitudinal section of the major ore and mineralized zones 
of the Hemlo gold deposit, projected onto a vertical plane. View to north-northeast. 
Modified after Canadian Mining Journal, February 1990, p.28, 29 with additional 
information from Burk et al. 1986. 

Figure 22: Sketches of various examples of deformed quartz (qz) veins and pods. 
A) intermediate dike (13a) intruding quartz gash infilling within quartz-plagioclase 

porphyry (3d) (Williams property, Heritage east outcrop, south part; see Figure 
27). 

B) deformed layering (Sx) and quartz vein (Williams property, Heritage east outcrop, 
south part). 

C) quartz veins in feldspathic arenite (4b) (Williams property, Heritage west outcrop; 
see Figure 27). 

D) One or 2 quartz vein events, in quartz-plagioclase porphyry (3d) (north side 
Highway 17, south of Williams A Zone pit; STOP 23 of Muir 1991). 

E) spatial relationship between Z-shaped F 3 fold and S-shaped quartz vein in 
feldspathic arenite (4b) (Williams property, L2E, 91 m N). 

Lithologic codes as in Table 2. Structural designations as in Table 3. Sketches A) 
and B) modified after original sketches by C.G. Elliott. 

Figure 23A: Detailed lithologic map of Golden Sceptre (Hemlo Gold Mines Inc.) 
property trenches (lines 4W, 28W, 48W, 64W, and 80W) at a scale of 1:1000. See 
text for overall summary of features. Mapped 1986, 1988, 1989. 
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Figure 23B: Detailed structural features map of Golden Sceptre (Hemlo Gold Mines 
Inc.) property trenches (lines 4W, 28W, 48W, 64W, and 80W) at a scale of 1:1000. 
Black dots are opposite the location of structural readings. PI = Plate. See text for 
overall summary of features. Mapped 1986, 1988, 1989. 

Figure 24A: Detailed lithologic map of Golden Sceptre (Hemlo gold Mines Inc.) 
property, North Zone trenches (from lines 1W to 28W) and Williams property C 
Zone trenches (from lines 0+50E to 3+50E) at a scale of 1:1000. See text for 
overall summary of features. Mapped 1984, 1985, 1986, 1988. 

Figure 24B: Detailed structural features map of Golden Sceptre (Hemlo Gold Mines 
Inc.) property, North Zone trenches (from lines 1W to 28W) and Williams property 
C Zone trenches (from lines 0+50E to 3+50E) at a scale of 1:1000. Black dots 
slightly offset from location of structural readings. PI = Plate. See text for overall 
summary of features. Mapped 1984, 1985, 1986, 1988. 

Figure 25A: Detailed lithologic map of the Williams property C Zone west outcrop. 
See accompanying legend. Codes in square brackets refer to master legend as in 
Table 2. Codes for dikes same as Table 2. O/B = overburden. See text for overall 
summary of features. Outcrop is located about 160 m west-northwest of the 
Williams Mine main (B Zone) headframe. Mapped 1989. Modified after Muir 
(1989, 1991). Outcrop lies within planned quarry limits. 

Figure 25B: Structural elements and vein-like alteration in the Williams property C 
Zone west outcrop. See accompanying legend. Structural symbols and codes as in 
Table 3. See text for overall summary of features. Black square indicates location 
of photograph referred to in report. PI = Plate. Mapped 1989. Modified after Muir 
(1989, 1991). 

Figure 25C: Pervasive alteration distribution for feldspathization and biotitization in 
the Williams property C Zone west outcrop. Relative intensity of alteration indicated 
by relative closeness of diagonal lines (i.e., more closely spaced = more intense 
alteration). See text for overall summary of features. Mapped 1989. 

Figure 25D: Pervasive alteration distribution for carbonatization and chloritization 
in the Williams property C Zone west outcrop. Relative intensity of alteration 
indicated by relative closeness of diagonal lines (i.e., more closely spaced = more 
intense alteration). See text for overall summary of features. Mapped 1989. 

Figure 26A: Detailed lithologic and alteration distribution map in the Williams 
property C Zone east outcrop. See accompanying legend. All dikes shown as solid. 
Lithologic and mineral codes as in Table 2. "alt." = alteration, "msv" = massive, 
"bx" = breccia (quartz matrix). See text for overall summary of features. Located 
about 120 m west-northwest of the Williams Mine main (B Zone) headframe. 
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Mapped 1988. Modified after Muir (1988, 1991). Outcrop lies within planned 
quarry limits. 

Figure 26B: Structural measurements, as well as handspecimen, chemical analysis 
specimen, plate (photograph), and figure locations pertaining to the Williams property 
C Zone east outcrop. See text for overall summary of features. Black square 
indicates location of photograph referred to in report. PI = Plate. Black dot 
indicates location of chemical analysis sample. Mapped 1988. 

Figure 27: Detailed geology of the Williams property Heritage outcrops: east 
outcrops (north and south halves) and west outcrops. See accompanying legend. 
Codes in square brackets refer to master legend as in Table 2. Mineral and 
alteration abbreviations as in Table 2. Structural symbols as in Table 3. See text 
for overall summary of features. Black dots show location of structural reading sites 
and chemical analysis specimens. Specimen numbers lack "TLM" designation for 
brevity. Black square shows site of photograph referred to in text. PI = Plate. 
Inset map: 

1 = location of Heritage east outcrop, south half; 
2 = location of Heritage east outcrop, north half; 
3 = location of Heritage west outcrop; 
4 = location of Back 40s outcrops (Figure 33). 

Outcrops located about 230 m west-northwest of the Williams Mine main (B) zone 
headframe. Mapped 1986. Modified after Muir (1986, 1991). Only the main west 
outcrop and the southernmost part of the south half of the east outcrop remain 
exposed. 

Figure 28: Generalized surface geology of the Williams property A Zone. See 
accompanying legend. Codes in square brackets refer to master legend as in Table 
2. See text for overall summary of features. Location centred about 200 m east of 
Moose Lake. Modified after Muir (1991). 

Figure 29: Detailed surface geology of the Williams property A Zone. See 
accompanying legend. Codes in square brackets refer to master legend as in Table 
2. Structural symbols as in Table 3. Smaller black dots show location of structural 
measurements. Larger black dots show approximate outline of open pit. Black 
square indicates location from which photographs referred to in text were taken. PI 
= Plate. See text for overall summary of features. Location centred about 200 m 
east of Moose Lake. Ore zone mined out. Mapped 1985. Modified after Muir et 
al. (1988). 

Figure 30: Detailed geology of a Teck-Corona property trench, on L0+00, about 20 
m east of the easternmost Williams property boundary. Trench is on strike from the 
Williams property A Zone orebody. Codes in square brackets refer to master legend 
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as in Table 2. Structural designations as in Table 3. See text for overall summary 
of features. Mapped 1987. Modified after Muir (1991). 

Figure 31: Sketch of the relationships between lithologic units and structural 
elements, at the contact of the Cedar Lake Pluton. Lithologic codes as in Table 2. 
Structural symbols as in Table 3. Located at a trench on the Goliath Gold Mines 
(Hemlo Gold Mines Inc.) property, about 143 m north-northwest of Highway 17 and 
the western contact of the Cedar Lake Pluton. 

Figure 32: Sketches of various features of the "Mt. McKinnon" outcrop. Main 
sketch at upper left shows overall view of contact between feldspathic 
metasedimentary rocks (4b), Cedar Creek Stock granodiorite (9b), and diabase dike 
(15b). 
Detail "A": refolded layers (Sj) overprinted by S2. Stippling outlines specific layers 

for visual reference. 
Detail "B": apophyses of granodiorite from the Cedar Creek Stock (9b) appear to be 

folded into F 2 folds. 
Detail "C": Sx, S2, and lithologic contact are broadly folded into S-asymmetry. Z-

shaped folds (F3?) occur a few metres to the south (see main sketch). 
Lithologic codes as in Table 2. Structural designations as in Table 3. See text for 
overall summary of features. Outcrop originally located beside access road from 
Highway 17 to Golden Giant Mine ("Yellow Brick Road"). Presently buried under 
rerouted road. Detailed sketches A, B, and C modified after original sketches by 
C.G. Elliott. 

Figure 33: Detailed geology of the Williams property "Back 40s" outcrops. See 
accompanying legend. Codes in square brackets refer to master legend as in Table 
2. Mineral codes as in Table 2. Structural symbols as in Table 3. Black dots 
show location of structural measurement site or chemical analysis specimen. 
Specimen numbers lack "TLM" designation for brevity. Black square shows site of 
photograph referred to in text. PI = Plate. See text for overall summary of features. 
Located about 400 m east-northeast of the Williams Mine main (B Zone ) 
headframe. Mapped 1986. Modified after Muir (1986, 1991). 

Figure 34: Sketch of deformed and offset layering within the Back 40s south 
outcrop. Diagonal pattern represents amphibole-rich layers. All other layers 
represent aluminous siltstone (5a). Stippling represents rusty-weathering siltstone. 
Lithologic and mineral codes as in Table 2. 

Figure 35: Sketch of relationship between layering, faulting associated with 
cataclasis, and fracturing, within the Back 40s north outcrop. Like numbers 
represent segments of specific individual layers or sets of layers. Lithologic codes 
as in Table 2. 
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Figure 36: Detailed geology of the Barren sulphide zone area. Barren sulphide 
zone lies several metres to the west of the outcrops shown in this figure. Rocks 
consist of biotite-predominant wacke (5c) and aluminous siltstone (5a) unless 
otherwise noted. Black dots represent locations of structural measurements. 
Structural symbols as in Table 3. See text for overall summary of features. Located 
on north side of Highway 17, about 415 m west of the turnoff to the David Bell 
Mine. Mapped 1990. Modified after Muir (1990). (See also STOPS 13, 14,and 
15 of Muir 1991). 

Figure 37: Detailed geology of part of the Hemlo fault zone. Codes in square 
brackets refer to master legend as in Table 2. Codes in square brackets refer to 
master legend as in Table 2. Structural symbols as in Table 3. Black dots represent 
locations of structural measurements. See text for overall summary of features. 
Located on north side of Highway 17, about 750 m west of the turnoff to the 
Williams Mine. Modified after Smart (1988). 

Figure 38: Detailed geology of part of the Highway zone. Highway zone is 
represented by Unit 2b. See accompanying legend. Codes in square brackets refer 
to master legend as in Table 2. Structural symbols as in Table 3. Black dots 
represent locations of structural measurements. Note general increase in strain, 
represented by configuration of layering, from north to south towards the Hemlo 
fault zone. Black square represents location of photograph in plate (PI = Plate). 
See text for overall summary of features. Outcrop located near Hemlo fault zone, 
on north side of Highway 17, about 175 m east of the west end of "Fault" Lake. 
Mapped 1990. Modified after Muir (1991). 

Figure 39: Detailed geology of part of a large-scale F 3 fold. See accompanying 
legend. Codes in square brackets refer to master legend as in Table 2. Structural 
symbols as in Table 3. Black dots represent locations of structural measurements. 
See text for overall summary of features. Outcrop located on south side of Highway 
17, about 500 m west of the turnoff to the hamlet of Hemlo. Mapped 1990. 
Modified after Muir (1991). 

Figure 40: Synthesis of geological events for the Hemlo gold deposit area. 
Geological features are subdivided into major categories, to correspond to the layout 
of the accompanying report, as follows: deposition of volcanic and sedimentary 
rocks; intrusion; deformation; metamorphism; alteration types/minerals (deposit-
related); metals/mineralization (deposit-related); and other alteration (not restricted to 
Hemlo gold deposit). U-Pb ages from Corfu and Muir (1989a, 1989b) except for 
diabase ages as follows: Matachewan/Hearst, Heaman (1988); Preissic, Gates and 
Hurley (1973); Marathon, Wanless et al. (1966); Abitibi, Krogh et al. (1987); 
Pukaskwa, Osmani (1991). 



Figure 41: Sketch of generalized proposed model for the depositional setting of the 
Hemlo gold deposit. See text for explanation. Modified after Fyfe and Henley 
(1973). 
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PHOTOGRAPH LIST: LONG CAPTIONS 

PLATE 1 

Plate la: Relatively unstrained, overturned, mafic pillowed flows with amygdules 
and small plagioclase phenocrysts. North towards bottom of photograph. Scale in 
centimetres. Located on south shore of Botham Lake. 

Plate lb: Highly strained gneissic amphibolite with Z-shaped fold (centre of 
photograph) and dismembered leucocratic granitic dikelets. North towards top of 
photograph. Scale in centimetres. Located north of "Lim" Lake. 

Plate lc: Contact between intermediate, heterolithic, quartz-plagioclase-phyric lapilli-
tuff (3gab) and massive, felsic, quartz-plagioclase porphyry (3d). The contact 
relationship is equivocal (i.e., igneous or tectonic) due to extent of exposure and 
effects of deformation. Fragmental unit, at least, appears to have undergone 
feldspathization and possibly biotitization. Lithologic codes as in Table 2. North 
towards top of photograph. Scale in centimetres. Located on L28W, 0+25 m S 
(Golden Sceptre property) (see Figure 23A). 

Plate Id: Folded layering in quartz-plagioclase-phyric unit. Layering equivocally 
interpreted to be primary layering in tuff (Sj), and fold to be F2. Lithologic codes 
as in Table 2. Structural designations as in Table 3. North towards right of 
photograph. Located 150 m west of Moose Lake. Scale at right in centimetres. 
Exposure largely covered over. 

Plate le: Highly flattened lapilli (specutively pumice) in felsic quartz-plagioclase-
phyric tuff. North towards top of photograph. Located on L64W, 0+22.5 m S 
(Golden Sceptre property) (see Figure 23A). 

Plate If: Moderately deformed, heterolithic, quartz-plagioclase-phyric, lapilli-tuff. 
A particular population of biotite-bearing clasts containing plagioclase phenocrysts 
is evident. North towards top of photograph. Located on L64W, 0+54 m N 
(Golden Sceptre property) (see Figure 23A). 

PLATE 2 

Plate 2a: Heterolithic quartz-plagioclase-phyric lapilli-stone with diverse 
compositional and textural variety of clasts. North towards top of photograph. 
Located on L48W, 4+06.5 m S (Golden Sceptre property) (see Figure 23A). 

Plate 2b: Highway zone outcrop. Moderately deformed, possibly altered, felsic, 
quartz-plagioclase-phyric lapillistone. Some lenses are composed of quartz (qz) and 
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may represent accidental fragmented quartz or tectonically dismembered quartz veins. 
North towards top of photograph. Located Highway 17, north of west end of 
"Fault" Lake. See Figure 38. Corresponds to STOP 27 of Muir (1991). 

Plate 2c: Polished slab of waste rock consisting of moderately deformed, 
heterotextural, quartz-plagioclase-phyric lapillistone from Williams Mine B Zone. A 
stained face shows pervasive microclinization despite a variety of colour amongst 
clasts. Sample contains local concentrations of pyrite (py) or tourmaline (tm). 
Mineral codes as in Table 2. Sample 88TLM0103. 

Plate 2d: Feldspathic siltstone with fine laminations, structurally underlying 
feldspathic arenite. The rock appears to be weakly deformed and the thin layers are 
interpreted to represent laminations (crossbedding?) at the upper part of a turbiditic 
unit. North toward top of photograph. Located 260 m west of L64W on powerline. 

Plate 2e: Feldspathic arenite (4b) and feldspathic lithic arenite (4d) displaying 
spaced S 2 cleavage, in the more feldspathic layers, oriented clockwise with respect 
to layering (S 0i). An equivocal scour channel appears at the top of the photograph, 
suggesting overturned layering. Lithologic codes as in Table 2. Structural 
designations as in Table 3. North towards top of photograph. Located 60 m east-
northeast of Back 40s north outcrop. 

Plate 2f: Gneissic feldspathic metasedimentary rocks displaying tectonometamorphic 
layering and spaced cleavage. Local pinching of layering (in photograph) as well 
as boudinage and mini-ramp-like features are present elsewhere in this outcrop. 
Quartz lens (qz) indicated. North towards right of photograph. Located on north 
side of Highway 17 at Williams Mine effluent/tailings overpass. Corresponds to 
STOP 25A, outcrop'V of Muir (1991). 

PLATE 3 

Plate 3a: Upright turbiditic unit consisting of a feldspathic arenite bottom part, a 
middle, biotite-amphibole feldspathic wacke part, and a laminated uppermost part. 
North towards upper left of photograph. Located south side of Highway 17 on 
upright limb of reclined fold (Cedar Creek fold), about 360 m southwest of Cedar 
Creek. Corresponds to STOP 8 of Muir (1991). 

Plate 3b: Lithic (biotite-predominant) wacke and biotite-predominant conglomerate 
within area of nose of Williams property fold. Axial planar S 2 fabric corresponds 
to preferred dimensional orientation of clasts in the conglomerate. Structural 
designation as in Table 3. North towards right of photograph. Located about 70 
m west-northwest of Cedar Creek in polishing pond vicinity. Scale in centimetres. 
Exposure covered over. 
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Plate 3c: Moderately strained, biotite-predominant conglomerate (5h) in 2 well-
defined layers and 1 ill-defined layer entrained within biotite-predominant feldspathic 
wacke (5c). S 2 clockwise with respect to Sj. Lithologic codes as in Table 2. 
Structural designations as in Table 3. White scale card at centre of photograph 
(outlined) is 9 cm long. North towards upper right of photograph. Located on north 
side of Highway 17, about 170 m southwest of the turnoff to the David Bell Mine. 
Corresponds to STOP 11 of Muir (1991). 

Plate 3d: Slabbed handspecimen of highly strained, feldspathized and sericitized, 
fragmental rock from the Main mineralized zone. Quartz phenocrysts are present in 
the matrix and in some of the clasts. Predominant fabric is S 3 c and possibly S2. 
Local, sigmoidal deflection of micaceous fabric (S3s) is evident. This rock may be 
the feldspathized equivalent of a biotite-predominant conglomerate or biotite 
fragmental unit, spatially associated with the deposit (e.g., see Plate 13f). Located 
on north side of Highway 17, about 225 m east of the old turnoff to the Williams 
Mine A Zone pit. Sample 83TLM0627. Corresponds to STOP 20A of Muir (1991). 

Plate 3e: Slightly strained, amphibole-predominant conglomerate (5i) and amphibole-
predominant feldspathic wacke (5d). Conglomerate consists of a wide variety of 
clasts including feldspar- and quartz-feldspar-porphyritic clasts, which are unlike most 
porphyritic rocks occurring as dikes and as units in the quartz-feldspar-porphyritic 
complex, and fine-grained, mafic clasts, which appear to be fragments of basaltic 
flows. Structural designations as in Table 3. North is towards left of photograph. 
Hammer is 0.4 m long. Located on south shore of Botham Lake. 

Plate 3f: Highly strained, composite mafic-felsic gneiss (unit 5n) (vertical face). 
More competent mafic layers (originally amphibole-rich layers?) locally display 
boudinage. Some felsic layers are discontinuous. Nearby horizontal surface of 
outcrop displays what appear to be highly "flattened" clasts. Scale in centimetres. 
North towards right of photograph. Located on west shore of "Emma" Lake. 

PLATE 4 

Plate 4a: Intrusion breccia consisting of biotite lamprophyre matrix, exotic 
mafic/ultramaflc xenoliths, and commonly block-size, mostly metasedimentary, 
country rock fragments. Country rock fragments are feldspathized (sodic?). Exposed 
north boundary of intrusion breccia is ill-defined but appears to be in contact with 
brecciated country rocks, possibly indicating diatreme activity before intrusion. North 
toward left of photograph. Scale in centimetres. Located on L8W, 1+62.5 m S 
(Golden Sceptre property). See Figure 24A. 
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Plate 4b: Intrusion breccia consisting of biotite lamprophyre matrix, exotic 
mafic/ultramafic xenoliths, and quartz-plagioclase porphyry country rock fragments. 
Trace of fabric in matrix (dots) and fragments (dashes) indicated. Relationships do 
not clearly establish timing of intrusion relative to development of fabric in 
fragments (likely S2), but local crenulation of matrix fabric (minor folds in fabric; 
S3) indicates crenulation post-dated strain in matrix (also S2?). Structural designation 
as in Table 3. Unoriented slabbed handspecimen, stained to show potassium feldspar 
(40 to 60% in porphyry; apparently 0% in matrix). Sample 86TLM3809. Located 
180 m south-southeast of Williams property C Zone west outcrop. 

Plate 4c: Dike swarm consisting of aphyric and plagioclase-phyric, felsic and 
intermediate granitic rocks (units 14a, 14c, 13a, 13b) from multiple intrusive events. 
Dikes have intruded gneissic amphibolite and mafic wacke. View towards southeast. 
Contact with the Pukaskwa Gneissic Complex is about 60 m to the southwest (i.e., 
right). Located at northwest end of Williams Mine tailings containment dam site. 
Photograph taken during grouting preparation stages for dam, 1985-06-28. 

Plate 4d: Gneissic amphibolite (li) intruded by granodioritic dikelet (14c), displaying 
refolded folds, intruded by plagioclase-phyric dike (14a). Refolded folds in 
gneissosity also locally present in outcrop. Overprinting by S 3 is locally evident. 
Refolded folds are not the result of F3 folding. Lithologic codes as in Table 2. 
Structural designations as in Table 3. Dikes are part of the dike swarm shown in 
Plate 4c. North towards lower left of photograph. Scale in centimetres. Located 
at the northwest end of Williams Mine tailings containment dam. 

Plate 4e: Highly strained (mylonitized) aplite dike within virtually unstrained biotite 
granodiorite. Aplite locally displays ribbon quartz. Fabric is likely S3. Fabric in 
granodiorite, if present, is too weak to be reproducibly measured. North towards 
upper right of photograph. Located on north side of Highway 17, about 70 m into 
the Cedar Lake Pluton from the southwest contact. Exposed dike no longer present. 

Plate 4f: Layering and fabrics in amphibole-predominant feldspathic wacke. 
Variation in strike of S 2 fabric due to refraction between compositionally different 
layers. Z-shaped fold is inconsistent with parasitic fold associated with S2, and 
hence, along with faint axial planar fabric (S3) and deformed S 2 fabric, is an F3 fold. 
Structural designations as in Table 3. North towards top of photograph. Scale in 
centimetres. Located on L80W, 5+98 m S (Golden Sceptre property) (see Figure 
23A). 

PLATE 5 

Plate 5a: Disrupted layering, in biotite-predominant feldspathic wacke and lithic 
wacke (5cg), due to development of axial planar S 2 fabric in a more competent 
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feldspathic layer Oeft side of photograph). Some quartzofeldspathic clasts are 
indicated, as is a possible rip-up clast. Lithologic code as in Table 2. Structural 
designations as in Table 3. North towards top of photograph. Scale in centimetres. 
Located on powerline, about 720 m east of L64W (Golden Sceptre property). 

Plate 5b: Isoclinally folded, transposed, and disrupted layering in siltstone. Some 
folds indicating S-shaped asymmetry (F2?) may have been tightened and rearranged 
during D 3. Structural designations as in Table 3. North towards top of photograph. 
Scale in centimetres. Located L28W, 5+87 m S (Golden Sceptre property) (see 
Figure 23A). 

Plate 5c: Unoriented, slabbed handspecimen showing subtle folding and transposition 
in layered, magnetite-rich, biotite-predominant feldspathic wacke. Folding was not 
observed in outcrop, and only in handspecimen after sawing and etching with 
hydrofluoric acid. Compare structural style with contacts shown at outcrop scale in 
Figure 38. Sample 85TLM0635. Located on north side of Highway 17, about 30 
m west of old turnoff to Williams A Zone pit. Corresponds to STOP 22A of Muir 
(1991). 

Plate 5d: Moderately to strongly deformed, feldspathic rock displaying transposed 
layering and/or primary fragments. Some darker-weathering lenses are outlined for 
clarity. This rock is adjacent to less-strained, felsic fragmental and feldspathic 
metasedimentary rocks. North towards top of photograph. Located on north side 
of Highway 17, north of the east end of "Fault" Lake, about 25 m west of the 
contact with amphibolite. Knife is about 8 cm long. 

Plate 5e: F 3 Z-shaped folds in gneissic amphibolite with incipient development of 
differentiated S 3 layering. Also indicated is a possible F 2 fold and/or a remnant 
pillow selvage OPS?). Considerable shortening evident with ptygmatic folds in felsic 
dikelets at lower left. Structural designations as in Table 3. North towards upper 
left. Upper scale in centimetres. Located at northwest end of Williams Mine 
tailings containment dam. 

Plate 5f: Polyclinal fold in mafic schist (lj), gneissic amphibolite (li), and 
subporphyritic granitic dikes (14a), within the Hemlo fault zone. S3 crenulation 
cleavage collectively fans over a range of about 125°. Folding is interpreted to be 
the result of detachment along a plane with crumpling or refolding of units and 
existing fabrics. Note variation in orientation of F3 fold axes. North towards top 
of photograph. Hammer is 0.4 m long. Located on north side of Highway 17, 
about 60 m west of the Williams Mine effluent/tailings overpass. 

PLATE 6 
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Plate 6a: Dismembered aplite dike due to dextral shear (D3?). Ductility contrast is 
evident between plagioclase-porphyritic, hornblende-biotite granodiorite (8c) of the 
Cedar Lake Pluton, gneissic amphibolite (li), and aplite dike (14e). In outcrop, the 
S 3 fabric crenulates the gneissic amphibolite, and forms a weakly penetrative 
preferred dimensional orientation of mafic minerals and xenoliths in the granodiorite. 
Lithologic codes as in Table 2. North toward upper right of photograph. Hammer 
is 0.4 m long. Located on Goliath Gold Mines property, at the north end of an 
exploration trench, about 730 m north-northwest of Highway 17. See Figure 31. 

Plate 6b: Layer-parallel fault breccia and cataclasite (late D 3) with spatially 
associated alteration within the breccia and along nearby fractures. Alteration such 
as this did not occur in all breccia zones but is not uncommon. North towards top 
of photograph. Located at the Golden Giant tailings site, near the thin diabase dike 
shown in the trench created for grouted footings for the tailings containment dam. 
Exposure covered over. 

Plate 6c: Late stage (D3?, D4?) brecciation of gneissic feldspathic metasedimentary 
rocks. Matrix consists mostly of hematized material and very-fine-grained epidote. 
Multiple brecciation stages are indicated by fragments consisting of country rock 
partly bounded by fault-generated, fragment-bearing epidote (centre of photograph). 
North towards left of photograph. Located on north side of Highway 17, about 110 
m west of the turnoff to the Williams Mine. Exposed breccia no longer present. 

Plate 6d: Retrograded porphyroblasts (andalusite?) aligned parallel to S 3 indicating 
"regional" metamorphic conditions during D 3, well away from Hemlo gold deposit. 
Distribution of porphyroblasts confined by compositional layering (Sx). Relatively 
high angle between SJS2 and S 3 is related to rotation of F 2 structures around Cedar 
Creek Stock. North towards left, perpendicular to scale card. Scale in centimetres. 
Located on powerline, just west of Hemlo Gold Mines tailings road. 

Plate 6e: Handspecimen slab of variably altered, highly strained, quartz-(feldspar)-
phyric fragmental rock. Distribution of potassium feldspar, evident from stained slab 
face, was controlled by presence of fragments and cleavage planes. Some 
concentrations of potassium feldspar are oval in shape and enigmatic. Located on 
north side of Highway 17, just east of the thick diabase dike, about 1 km east of 
Moose Lake. Sample 83TLM0619. Corresponds to STOP 17 of Muir (1991). 

PLATE 7 

Plate 7a: Polished slab of highly strained, Williams A Zone ore displaying folded 
and dismembered quartz veins. Host rock to the quartz veins is variably 
feldspathized, biotitized, pyritized, and possibly silicified. See Plate 7b. Sample 
courtesy of A.J. Macdonald. 
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Plate 7b: Sketch of configuration of quartz veins (stippled) in same sample shown 
in Plate 7a, at nearly the same scale (field of view is slightly different). Pyrite (py) 
-rich zones indicated. Note: some discretion was used in delineating quartz vein 
material (generally medium- to coarse-grained) from what appears to be silicified 
host rock (generally fine- to very fine-grained). 

Plate 7c: Polished slab of Williams A Zone ore showing predominant mineralogy 
in various parts of the specimen. Alteration about folded quartz vein at top of 
photograph appears to represent replacement of layering, either prior to or post
dating folding. The fold is an equivocal F 2 fold, based on the characteristics of the 
axial planar cleavage. Key: qv = quartz vein; qz = quartz; fs = feldspar; bi = 
biotite; py = pyrite. Sample courtesy of A.J. Macdonald. 

Plate 7d: Polished slab of highly strained, Williams A Zone mineralized rock from 
the pseudofragmental zone (see Plate 13f). The rock is variably feldspathized, 
biotitized, and pyritized. Dotted lines indicate presence of faint crenulation fabric, 
likely S3. Quartz vein indicated (qz). Handspecimen is in reverse orientation. 
Sample 85TLM1102. 

Plate 7e: Stained slab of highly strained microcline-rich ore from the floor of the 
Williams A Zone pit. Dismembered quartz veins (qv) are shown within a matrix of 
irregularly distributed zones consisting mainly of microcline or phlogopite-sericite-
quartz-pyrite. A pegmatitic vein consisting of medium- to coarse-grained quartz (qz) 
and microcline (mr) is outlined by a dashed line. The other side of the slab, which 
is polished, reveals stibnite, realgar, and minor visible gold spatially associated with 
the coarse-grained quartz-microcline vein. Stibnite also occurs near the vein, and 
along some fractures which transect the vein. See Figure 29 for approximate 
photograph location. Sample 87TLM0804. 

Plate 7f: Polished slab of a mineralized, highly strained and highly altered, quartz-
plagioclase-phyric rock. Some of the pyrite-rich seams (py) are indicated. Very 
fine-grained visible gold (vg) is present within a quartz veinlet (qv). Located in the 
C333 Zone from the Williams C Zone east outcrop (central part of outcrop). 
Sample 88TLM5502. See Figure 26B for photograph location. 

PLATE 8 

Plate 8a: Golden Sceptre property, North Zone area. Layering (Sj) in feldspathic 
arenite (4b) (and lithic arenite~not shown in photograph) shows incipient 
transposition (tl) about S2, which is oriented counterclockwise with respect to Sx. 
Other outcrops on the fringe of the zone of intense alteration in the North Zone also 
display this fabric relationship. Lithologic code as in Table 2. Structural 
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designations as in Table 3. North towards top of photograph. Located 110 m 
northeast of the north end of the trench on L10W. Outcrop likely no longer exists. 

Plate 8b: Golden Sceptre property, North Zone area. Remnant layering (Sx) in 
feldspathized and biotitized metasedimentary rocks is shown with respect to S2, and 
S2-parallel (-related?) displacement (long dashes). Three crudely distinguishable 
degrees of feldspathization are indicated ("moderate", "strong", "intense"). The 
intense alteration appears to be controlled locally by fractures and cleavage (short 
dashes), and layering. The moderate degree of alteration is spatially associated with 
some biotitization. Structural measurements of Sj and S 2 are indicated. North is 
towards top of photograph. Located on L5W, 0+35 m N (see Figures 24A, 24B). 
Outcrop likely no longer exists. 

Plate 8c: Golden Sceptre property, North Zone. Variably altered, fractured 
(faulted?), and pyritized rocks. Orientation of rusty weathering fractures/faults and 
a rusty weathering schistose zone indicated. Dotted lines outline part of zone of 
intense feldspathization. Long-dashed line separates feldspathized and biotitized rock 
(bottom of photograph) from feldspathized rock. Scale card, outlined at centre, is 
9 cm long. North is towards top of photograph. Located on L12W, 0+15 m S (see 
Figure 24B). Outcrop likely no longer exists. 

Plate 8d: Golden Sceptre property, North Zone. Set of fan-like fractures along 
which intense feldspathization has occurred. Intense feldspathization is also present 
in parts with no obvious fracture control. Remainder of rock is somewhat 
feldspathized and biotitized. Scale is in centimetres. North is towards top of 
photograph. Located L12W, 0+2.5 m N (see Figure 24B). Outcrop likely no longer 
exists. 

Plate 8e: Golden Sceptre property, North Zone. Blocky-appearing pseudobreccia 
resulted from coalescing of fracture-controlled intense feldspathization. Clastic nature 
of host rock is evident by remnant clasts (examples indicated). Scale is in 
centimetres. North is towards top of photograph. Located on L12W, 0+2.5 m N 
(see Figure 24B). Outcrop likely no longer exists. 

Plate 8f: Golden Sceptre property, #1 North Zone ore zone. Coalesced, fracture-
controlled, intense feldspathization. Host rock is somewhat feldspathized and 
biotitized. Remnant lenses of the host rock are locally present (e.g., lower right). 
Intense feldspathization has occurred as narrow seams along some fractures, whereas 
along others, alteration has spread significantly and possibly coalesced. Azimuth of 
2 fractures with alteration are indicated. North is towards top of photograph. 
Located near L10W, 20 m N in area stripped for open pit mining-subsequently 
mined out. Photograph taken 1990-07-06. 



PLATE 9 

Plate 9a: Golden Sceptre property, South Zone area. Altered quartz-plagioclase-
phyric fragmental rocks with 2, tabular, rusty weathering zones (RW) which are 
approximately parallel to the strike of the predominant fabric. Dashed lines partly 
outline boundaries of alternating, tabular, pyrite-sericite zones and more massive, 
relatively non-pyritized zones. The alteration spatially associated with the pyritized 
zones has tended to obliterate the fragments. Hammer is 40 cm long. Located on 
L5W, 2+72 m S (see Figure 23A). 

Plate 9b: Golden Sceptre property, South Zone area. Quartz-plagioclase-phyric 
fragmental rocks (3a, 3ab) are in contact with "massive" quartz-plagioclase porphyry. 
All rocks are strained and have undergone various degrees and types of alteration 
(A, H, L) as indicated (predominant types listed). Contacts are focii for increased 
strain: contact between 3a and 3ab (snorter dashes) is equivocally primary; tabular 
body of 3d (centre right, longer dashes) appears to be dike-like but pinches out just 
past view of photograph as do bodies of 3ab elsewhere within this outcrop. 
Pyritization is localized along planar zones along with vein-like feldspathization 
(dotted lines), and in irregularly shaped zones within the fragmental rocks (dotted 
lines) and the porphyry (elsewhere in outcrop, to left of field of view). Predominant 
fabric (Sp) is parallel to the long dimension of clasts and may be S2. General 
orientations of bodies of porphyry are indicated and correspond closely to some 
fabrics. Lithologic and alteration codes as in Table 2. Structural designation as in 
Table 3. North towards right. Hammer (at centre) is 0.4 m long. Located near 
L3W, 2+30 m S. 

Plate 9c: Williams property, C Zone west outcrop. Variably feldspathized and 
biotitized, heterolithic, quartz-plagioclase-phyric tuff-breccia. Strain is moderate but 
lower half of photograph is a near-dip-face plane, hence fragments do not appear to 
be "flattened". View towards south. Scale in centimetres. See Figure 25B for 
photograph location. Outcrop located about 160 m west-northwest of the Williams 
property main (B Zone) headframe. Outcrop within planned backfill quarry limits. 

Plate 9d: Williams property, C Zone west outcrop. Folded, layered (SO feldspathic 
wacke (5c) separating units of quartz-plagioclase-phyric lapilli-tuff (3a). Clasts 
aligned parallel to S2. A dioritic dike is at left (12c). All units are feldspathized 
to some degree. North is towards the right. Hammer (beside scale card) is 0.4 m 
long. See Figure 25B for photograph location. Outcrop within planned backfill 
quarry limits. 

Plate 9e: Williams property, C Zone west outcrop. A wedge of tuffaceous(?) rock 
(3a) with remnant layering (Sx) in strongly cleaved and altered rock, likely consisting 
of tuffaceous (arenaceous?) and fragmental units (3ab). Dashed line indicates 
predominant cleavage. Dash/dots line indicates schistose planar zones. Solid lines 
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mark mineralized vein-like alteration zone (A). North is towards the right. Hammer 
is 0.4 m long. See Figure 25B for photograph location. Outcrop within planned 
backfill quarry limits. 

Plate 9f: Williams property, C Zone west outcrop. Feldspathization (outlined by 
dots) spatially associated with a quartz (qz) pod and a gash fracture filled with 
booklets of muscovite (mu). Alteration around gash fracture has utilized the existing 
cleavage to spread. North is towards top of photograph. See Figure 25B for 
photograph location. Outcrop within planned backfill quarry limits. 

PLATE 10 

Plate 10a: Feldspathic arenite and lithic arenite (4bd) which have been folded (see 
S l t F2), and intruded by an axial-planar-parallel, plagioclase-phyric dike (14a). 
Metasedimentary rocks overall are moderately feldspathized and weakly biotitized, 
and locally intensely feldspathized along fractures and/or cleavage planes. Dash/dot 
lines indicate intense vein-like feldspathization. Note: although faint, the layering 
is preserved despite the intense alteration. The general orientation of the intense 
feldspathization is at 290°. Structural symbols as in Table 3. North is towards the 
right of photograph. Located on Williams property, L2E, 0+16 m S, about 65 m 
north of the centre of the C Zone west outcrop. Hammer is 0.4 m long. See 
Figure 24B for photograph location. Outcrop within planned backfill quarry limits. 

Plate 10b: Closeup view of part of the outcrop represented in Plate 10a (about 3 
m to the north of the photograph). Layering is faint and almost subdued by the 
tendency of feldspathization to development parallel or clockwise to the main fabric. 
Note that some of the alteration is parallel to the layering (Sj). Dash/dot line 
outlines intense, vein-like alteration within feldspathic arenite and lithic arenite (4bd). 
Note that other, parallel, vein-like zones of less intensely feldspathized rock occur 
at top of photograph. The zone of vein-like alteration parallel to the bottom of the 
photograph displays considerable rusty weathering and appears to be centred on a 
discrete shear zone (squiggly lines). North is towards top of photograph. Hammer 
is 0.4 m long. Located on Williams property, L2E, 0+10 m S. See Figure 24B for 
photograph location. Outcrop within planned backfill quarry limits. 

Plate 10c: General view of snipped area, taken from east of the Williams property 
C Zone west outcrop and north of a water-filled lineament. Shows folded (S-
shaped) layers (SO of feldspathic wacke and siltstone (5cah), and vein-like 
feldspathization (A) along layering and parallel to the predominant fabric interpreted 
to be S2. Lithologic code as in Table 2. Structural designations as in Table 3. 
North is towards right of photograph. Hammer (foreground) is 0.3 m long. Located 
about 200 m east-northeast of C Zone west outcrop. Outcrop within planned backfill 
quarry limits. 
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Plate lOd: General vicinity of Plate 10c, only south of the lineament. Shows 
feldspathic wacke and lithic wacke (5cg) as well as general relationship among 
strikes of layering (S2), S 2 fabric, and intense, vein-like feldspathization. Intense 
feldspathization occurs as a thick dike-like form (A) and a thin vein-like form (A'). 
North is towards top of photograph. Hammer is 0.3 m long. Located about 190 
m east of C Zone west outcrop. Outcrop within planned backfill quarry limits. 

Plate lOe: Same vicinity as Plate 10c. Variably feldspathized wacke and lithic 
wacke (5cg) showing relationship among: S^layering ), S2, and S 3 fabrics; as well 
as intensely feldspathized vein-like alteration (outlined by dash/dot lines and/or 
labelled "A") and deformed quartz pod and/or quartz vein (qz). Strikes of various 
fabrics are indicated. The quartz pods and adjacent alteration (outlined in dotted 
line) consist, in part, of epidote, kyanite, andalusite, and chlorite. The quartz pods 
and associated minerals are affected by minor F 3 folds (not visible in the 
photograph). North towards top of photograph. Scale in centimetres. Located about 
190 m east of C Zone west outcrop. Outcrop within planned backfill quarry limits. 

PLATE 11 

Plate 11a: Williams property, C Zone east outcrop. Pervasively feldspathized 
quartz-plagioclase-phyric rock (tuff/lapilli-tuff? (3a)). Straight arrows indicate some 
of the many, variably discernible fragments. Lens of green muscovite (gm) 
indicated. White diagonal zone is a surface scrape from heavy equipment. North 
is towards top of photograph. Scale in centimetres. See Figure 26B for location of 
photograph. Outcrop located about 120 m west-northwest of the Williams property 
main (B Zone) headframe. Outcrop within planned backfill quarry limits. 

Plate l ib: Williams property, C Zone east outcrop. Host rock is a quartz-
plagioclase-phyric rock (3d,a?). Photograph shows structurally controlled alteration 
and mineralization within a tabular zone, outlined in part by dotted lines. Dot/dash 
lines partly outline intense, vein-like feldspathization. Rusty weathering is present 
within the tabular zone, and more prevalent immediately adjacent to the vein-like 
alteration. Some quartz veins are indicated (qv). North is towards the left of 
photograph. Scale in centimetres. See Figure 26B for location of photograph. 
Outcrop within planned backfill quarry limits. 

Plate 11c: Williams property, C Zone east outcrop. Feldspathized and possibly 
partly silicified quartz-plagioclase-phyric rock (3d,a?) with numerous quartz stringers 
(qs) and breccia (qbx) consisting of angular country rock fragments within a quartz 
matrix. North is towards top of photograph. See Figure 26B for location of 
photograph. Outcrop within planned backfill quarry limits. 



Plate lid: Williams property, C Zone east outcrop. View of fractured, silicified, 
molybdenite-bearing zone (left half of photograph) and well-cleaved, schistose, 
feldspar-quartz-sericite rock (right half). Rusty weathering more prevalent in the 
cleaved rock. Host rock in both cases interpreted to have been quartz-plagioclase-
phyric rock. North towards left of photograph. Scale in centimetres. See Figure 
26B for location of photograph. Outcrop within planned backfill quarry limits. 

Plate l ie: Williams property, Heritage east outcrop, south half. General view of 
outcrop showing major rock components and zone of alteration and mineralization. 

"A" = footwall quartz-plagioclase-phyric unit, locally displaying fragments. 
"B" = footwall zone of variably feldspathized metasedimentary rocks. 
"C" = structurally lower gossan of transposed, microclinized and possibly 
silicified metasedimentary rocks, locally with molybdenite and ore-grade gold 
values (see section on Hemlo gold deposit mineralization: Williams property 
orebodies). 
"D" = zone similar to "C" except with more quartz veins. 
"E" = central zone of feldspathization (possibly sodic) and biotitization with 
numerous deformed quartz veins. 
"F" = zone of variably and relatively weakly feldspathized metasedimentary 
rocks. 
"G" = structurally upper gossan of rusty weathering, feldspathized, 
metasedimentary rocks. 
"H" = hanging wall, variably and relatively less feldspathized and biotitized 
metasedimentary rocks. 

Note faults (squiggly lines) between zones "C" and "D", "F" and "G", and "G" and 
"H". Compare the general configuration of this mineralized zone with the exposed 
Williams Mine A Zone (see Plates 13a and 13b). North is towards left of 
photograph. Width of outcrop exposed is about 15 m. Located about 230 m west-
northwest of the Williams Mine main (B) zone headframe (background). See Figure 
27 for detailed map reference and photograph locations. Only a small part of this 
outcrop remains uncovered. Photograph taken 1985-09-02. 

Plate llf: Williams property, Heritage east outcrop, south half. Dextrally rotated 
quartz pods (qz) (from gash fracture fillings) as indicated by trace of fabrics adjacent 
to and away from the pods. Arrows point to clasts within the feldspathic lithic 
arenite unit (4bd). North is towards top of photograph. See Figure 27 for location 
of photograph. This part of outcrop no longer exposed. 

PLATE 12 

Plate 12a: Williams property, Heritage east outcrop, south half. F3-folded Sx and 
S 2 with spatially associated quartz lens, in variably altered metasedimentary rocks. 



North is towards top of photograph. See Figure 27 for location of photograph. This 
part of outcrop no longer exposed. 

Plate 12b: Williams property, Heritage west outcrop. One of several, F2, isoclinal 
folds present in the original Heritage outcrop exposures. Shows the different 
behaviour of rocks having different competencies (4bde, 41, 4b), particularly with 
respect to the amphibole-rich layers (41). Staurolite (st) occurs within the nose of 
the fold, between spaced cleavage planes. Rock and mineral codes as in Table 2. 
Layering and fabric strikes indicated (S^ Sj). thin gabbro dike (lib) is indicated. 
North is towards upper right of photograph. Hammer is 0.4 m long. See Figure 
27 for location of photograph. Photograph taken 84-08-17, before additional 
hydraulic cleaning of outcrop in 1986. 

Plate 12c: Williams property, Heritage west outcrop. Nose of an east-closing, 
isoclinal, F 2 fold. Differentiated layering along S 2 is evident. Configuration of 
segments of Sx layering indicates minor offset or dissolution has occurred along S 2 

cleavage (e.g., see arrows). Compare the configuration of this mesoscopic layering 
with the macroscopic layering of units in the C Zone west outcrop (opposing limb 
of a macroscopic fold) (see Figure 25A). North is towards top of photograph. See 
Figure 27 for location of photograph. 

Plate 12d: Williams property, Heritage west outcrop. Nose of isoclinal F 2 fold 
displaying "horsetail" structure and transposed layering. General strike of layering 
(SO and cleavage (Sj) indicated for each limb. "C" indicates centre of closeup 
photograph shown in Plate 12f. Dismembered quartz vein (qv) is outlined. 
Compare the lensy, mesoscopic configuration of the transposed layers in the 
predominantly feldspathic layers in the fold nose, with the general macroscopic 
configuration of units interpreted for the map area, particularly for the Golden 
Sceptre property, as shown on Map Sheet A (see detailed map, scale 1:5000). North 
is towards top of photograph. See Figure 27 for location of photograph. 

Plate 12e: Williams property, Heritage west outcrop. Closeup of Plate 12d showing 
transposed and differentiated layering (Sj) resulting from strongly developed S 2 

cleavage. Arrows indicate several examples of S-shaped folds in what appears to 
be infillings along S 2 cleavage. Although no S- or Z-shaped folding of cleavage 
infillings were noted on the opposing limb, the feature is interpreted to be a result 
of progressive tightening of the limbs accompanied by development of parasitic 
folds. North is towards top of photograph. Pen is about 15 cm long. See Figure 
27 for location of photograph. 

Plate 12f: Williams property, Heritage west outcrop. F2-fold in altered, and faulted 
metasedimentary rocks (see S{). A specific amphibole-rich layer is partly outlined 
(41). Configuration of vein-like alteration (partly outlined by dot/dash lines) indicates 
dextral sense offset or dissolution along S 2 cleavage. Central fracture to vein-like 
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alteration has Z-shaped asymmetry (see centre right of photograph). Deformed 
quartz veins (qv) are oudined. North is towards top of photograph. Upper scale is 
in centimetres. See Figure 27 for location of photograph. 

PLATE 13 

Plate 13a: Williams property, A Zone. General view of western half of A Zone 
orebody (see also Figures 20, 21, and 28). Generalized descriptions of major units 
in the photograph are, from left to right: 

-footwall, partly microclinized, quartz-plagioclase porphyry (3d); 
-plagioclase-phyric dike (14a); 
-feldspathized metasedimentary rocks (5, A); 
-structurally lower, rusty-weathering, microclinized, sericitized, and pyritized 
rocks which form ore, likely derived from metasedimentary rocks (5, A,E,L); 
-variably feldspathized and schistose wackes (5c,m); 
-structurally upper, rusty-weathering, feldspathized, sericitized, pyritized rocks 
which form ore, derived from metasedimentary rocks (5m, A,E,L); and 
-hanging wall, mixed wacke, siltstone, and amphibole-rich layers (5cal). 

Lithologic and alteration codes as in Table 2. The 2 ore zones form tails as shown 
on the detailed structural map (scale 1:5000). "B.P." = boulder pile for location 
reference (see Figure 29). North is towards right of photograph. See Figure 29 for 
location of photograph. Distance from immediate foreground to boulder pile is about 
50 m. Pit currently mined out. Photograph taken 1985-09-02. 

Plate 13b: Williams property, A Zone. General view of A Zone pit after open pit 
mining had been completed. Two rusty zones on distant (west) wall of pit (outlined 
by dot/dash lines) likely represent the uneconomic mineralized tails of the orebody. 
"FW" = footwall. "HW" = hanging wall. North is towards right of photograph. 
See Figure 29 for location of photograph. Photograph taken 1989-08-15. 

Plate 13c: Williams property A Zone area. Folded and variably transposed 
metasedimentary rocks (5al, 5c), about 65 m into the hangingwall from the 
uppermost ore zone contact. Compare with strain exhibited in Plate 13d. Quartz 
veins indicated by "qv". Lithologic codes as in Table 2. North is towards the upper 
left of photograph. Scale card about 9 cm long. See Figure 29 for location of 
photograph. Outcrop no longer exists. 

Plate 13d: Williams property, A Zone. Highly strained, well-transposed layering in 
folded metasedimentary rocks (5cl), about 10 m into the hanging wall from the 
uppermost ore zone contact. Solid lines outiine individual layers. Dashed lines 
represent projections of layer contacts under patches of remnant cemented glacial 
deposits. Example of finely cleaved, tectonometamorphic layering indicated as "tml". 
Sj parallel to S2. Compare with strain exhibited in Plate 13c. Lithologic codes as 
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in Table 2. North is towards top of photograph. Upper scale on card in 
centimetres. See Figure 29 for location of photograph. Outcrop no longer exists. 

Plate 13e: Williams property, A Zone. Unoriented, polished slab of highly strained 
fragmental rock interpreted to be biotite-predominant conglomerate — also referred 
to as "biotite fragmental" (see text for discussion). Rock may be biotitized in part. 
Quartz phenocrysts and phenoclasts are present within some clasts and the matrix 
respectively. The large clast near the top of photograph is quartz plagioclase phytic. 
Compare with Plate 6e. Sample, number 86TLM2501, taken from bottom of A Zone 
pit. See Figure 29 for approximate location (projected) of photograph. Also, 
compare with Figure 4a of Burk et al. (1986). 

Plate 13f: Williams property, A Zone. View of main part of orebody showing a 
dioritic dike swarm (12c) that intruded a pseudobreccia (pbx) which resulted from 
differential weathering of highly altered and tectonized rocks. The lenses of the 
pseudobreccia are mostly feldspathized rock and the matrix is largely pyrite with 
some biotite. North is towards the left of photograph. Scale card (outlined, near 
centre left) is about 9 cm long. See Figure 29 for location of photograph. Outcrop 
no longer exists. 

PLATE 14 

Plate 14a: Williams property, A Zone. Closeup of F3-crenulated (locally chevron
like) feldspar-sericite schist which locally contains green mica (not visible in 
photograph). Dark coloured areas at left centre and upper left segments of a 
dismembered quartz vein, which contains cinnabar and stibnite. Scraped area from 
heavy machinery appears as light-coloured area from centre to lower right. North 
is toward top of photograph. See Figure 29 for location of photograph. Outcrop 
no longer exists. 

Plate 14b: Williams property, Back 40s outcrops, south half. The more southerly 
of 2 zones of tectonic disruption, partly outlined by long-dashed lines, is on the 
north limb of the large-scale, F2-generation, Williams fold. Zone of disruption could 
be traced around this fold and is a D x or D 0 feature. See text for description. 
General rock types and fabric strikes are indicated. Lithologic codes as in Table 2. 
Structural designations as in Table 3. "C" indicates one of several composite 
fragments within the zone. North is to right of photograph. Located about 400 m 
east-northeast of the Williams Mine main (B Zone ) headframe. See Figure 33 for 
location of photograph. 

Plate 14c: Williams property, Back 40s outcrops, south half. Closeup of refolded 
folds in layered siltstone from within south zone of tectonic disruption. Solid lines 
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and dashed lines outline separate refolded layers. North is towards top of 
photograph. Knife is about 8 cm long. See Figure 33 for location of photograph. 

Plate 14d: Williams property, Back 40s outcrops, north half. The more northerly 
of 2 zones of tectonic disruption, outlined by dashed lines. Lithologic codes as in 
Table 2. Zone of disruption (upper centre half of photograph), appears to have a 
folded or interfingered termination (middle of photograph). One possibility is that 
this may represent a folded ramp structure. Zone was not traced beyond outcrop 
area (lack of exposure). North is towards right of photograph. Scale card (centre) 
is about 9 cm long. See Figure 33 for location of photograph. 

Plate 14e: Williams property, Back 40s outcrops, south half. Closeup of stripey 
compositional layering (S2), which is a form of differentiated layering. In some 
cases, alteration along some cleavage planes has coalesced leaving lenses, or 
pseudoclasts, of the originally grey silty material. Arrows point to some garnet 
porphyroblasts. Structural designations as in Table 3. North is towards top of 
photograph. See Figure 33 for location of photograph. 
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Table 1: Table of lithologic units for the Hemlo gold deposit area 

PHANEROZOIC 

CENOZOIC 

QUATERNARY 

PLEISTOCENE AND RECENT 

Lake and stream deposits 

Unconformity 

PRECAMBRIAN 

PALEOPROTEROZOIC AND MESOPROTEROZOIC 

Lamprophyre and Alkalic dikes 

Pyroxene + olivine ± biotite lamprophyre, biotite lamprophyre, 
carbonatitic/alkalic dike 

Intrusive Contact 

Mafic Intrusive Dikes 

Equigranular quartz diabase, plagioclase-porphyritic diabase, 
plagioclase-pyroxene-porphyritic diabase 

NEOARCHEAN 

Intrusive contact 

Dikes and Small Intrusive Bodies 

Felsic Meta-Intrusive Rocks 

Plagioclase-phyric dike, quartz-plagioclase-phyric dike, 
granodioritic dike, felsite dike, aplite dike and dikelet, pegmatite 

Intermediate Meta-Intrusive Rocks 

Aphyric dike, plagioclase-phyric dike 

Mafic/Intermediate Meta-Intrusive Rocks 

Biotite lamprophyre with mafic/ultramafic xenoliths ± 
phenocrysts, biotite lamprophyre ± feldspar phenocrysts (no 
xenoliths), dioritic dike, net-veined dike 

Mafic Meta-Intrusive Rocks 



Tholeiitic gabbro, tholeiitic gabbro dike, calc-alkalic gabbro dike, 
biotite ± chlorite schistose dike 

Mafic/Ultramafic Meta-Intrusive Rocks 

Hornblende-predominant dike, tremohte/actinolite-predominant 
dike, talc-predominant dike, chlorite- ± biotite-predominant dike 

Felsic to Intermediate Meta-Intrusive Plutons and Stocks 

Cedar Creek Stock 

Biotite-hornblende granodiorite, plagioclase-subporphyritic 
biotite-hornblende granodiorite 

Cedar Lake Pluton 

Microcline-megacrystic biotite-hornblende granodiorite, biotite-
hornblende granodiorite, plagioclase-porphyritic hornblende-
biotite granodiorite 

Botham Stock 

Medium- to coarse-plagioclase-porphyritic biotite granodiorite, 
medium- to fine-plagioclase-porphyritic biotite granodiorite 

Pukaskwa Gneissic Complex 

Plagioclase-porphyritic hornblende-biotite tonalite gneiss, 
plagioclase-porphyritic hornblende-biotite granodiorite, 
hornblende-biotite quartz diorite, hornblende-biotite granodiorite 

Intrusive Contact 

Metasedimentary Rocks 

Immature Metasedimentary Rocks 

Grey-brown siltstone (pelitic), dark grey-black siltstone, biotite-
predominant feldspathic wacke, amphibole-predominant 
feldspathic wacke, biotite-amphibole feldspathic wacke, mafic 
wacke, lithic wacke, biotite-predominant conglomerate, 
amphibole-predominant conglomerate, mafic conglomerate, 
magnetite-rich layers, amphibole-rich layers, biotite ± sericite 
schist, composite mafic-felsic gneiss, composite intermediate-
mafic gneiss 

Feldspathic Metasedimentary Rocks 

Feldspathic siltstone, feldspathic arenite (various biotiteramphibole 
ratios), feldspathic quartz crystal arenite, feldspathic lithic arenite, 
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feldspathic conglomerate, gneissic feldspathic metasedimentary 
rocks (arenite?), amphibole-rich layers, sericite + biotite schist 

Metavolcanic Rocks 

Felsic to Intermediate Metavolcanic and Subvolcanic Rocks 

Quartz-plagioclase-phyric lapilli-tuff and tuff, quartz-plagioclase-
phyric lapiBistone, quartz-plagioclase-phyric tuff-breccia, 
"massive" quartz-plagioclase-phyric subvolcanic(?) rocks, 
"massive" plagioclase-phyric subvolcanic(?) rocks, quartz-eye-
sericite schist 

Intermediate Calc-alkalic(?) Metavolcanic Rocks 

Pillowed flows 

Mafic Tholeiitic Metavolcanic Rocks 

Massive flows, pillowed flows, variolitic flows, plagioclase-phyric 
flows, flow-top and/or pillow breccia, vesicular and/or 
amygdaloidal flows, amphibolite, plagioclase-porphyritic 
amphibolite, gneissic amphibolite, chlorite ± biotite + amphibole 
schist 



Table 2: Simplified lithologic legend and symbols list for maps, figures, and plates 

ROCK TYPE UNIT NUMBER ROCK NAME 

Lamprophyre/alkalic 

Diabase 

Felsic dikes 

16a 
16b 
16c 

15a 
15b 
15c 
15d 

14a 
14b 
14c 
14d 
14e 
14f 
14g 

Intermediate dikes 
13a 
13b 
13c 

Mafic/intermediate dikes 
12a 

12b 
12c 
12d 

Mafic dikes/bodies 
11a 
l i b 
11c 
l i d 
l i e 

Mafic/ultramafic dikes 

Cedar Creek Stock 

Cedar Lake Pluton 

Botham Stock 

10a 
10b 
10c 
lOd 

9a 
9b 
9c 

8a 
8b 
8c 
8d 

Pyroxene + olivine ± biotite lamprophyre 
Biotite lamprophyre 
Carbonatitic/alkalic dike 

Equigranular quartz diabase 
Plagioclase-porphyritic diabase 
Plagioclase-pyroxene-porphyritic diabase 
Diabase xenoliths 

Plagioclase-phyric dike 
Quartz-plagioclase-phyric dike 
Granodioritic dike 
Felsite dike 
Aplite dike and dikelet 
Pegmatite 
Mafic xenoliths 

Aphyric dike 
Plagioclase-phyric dike 
Mafic xenoliths 

Biotite lamprophyre with mafic/ultramafic xenoliths ± 
feldspar phenocrysts 

Biotite lamprophyre ± feldspar phenocrysts (no xenoliths) 
Dioritic dike 
Net-veined dike 

Tholeiitic gabbro 
Tholeiitic gabbro dike 
Calc-alkalic gabbro dike 
Biotite ± chlorite schistose dike 
Mafic xenoliths 

Hornblende-predominant dike 
TremoUte/actmohte-predominant dike 
Talc-predominant dike 
Chlorite- ± biotite-predominant dike 

Biotite-hornblende granodiorite 
Plagioclase-subporphyritic biotite-hornblende granodiorite 
Mafic xenoliths 

Microcline-megacrystic biotite-hornblende granodiorite 
Biotite-hornblende granodiorite 
Plagioclase-porphyritic hornblende-biotite granodiorite 
Mafic + ultramafic xenoliths 

Medium to coarse plagioclase-porphyritic biotite 
granodiorite 
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7b 
7c 

Pukaskwa Gneissic Complex 
6a 
6b 
6c 
6d 

Immature metasedimentary rocks 
5a 
5b 
5c 
5d 
5e 
5f 
5g 
5h 
5i 
5j 
5k 
51 
5m 
5n 
5o 
5p 
5q 
5r 
5s 
5t 

Feldspathic metasedimentary rocks 
4a 
4b 
4c 
4d 
4e 
4f 
41 
4m 
4p 
4q 
4r 
4s 

Felsic volcanic/subvolcanic rocks 
3a 
3b 
3c 
3d 
3e 
3f 
3g 

3h 
3i 

Intermediate volcanic rocks 
2a 

Medium to fine plagioclase-porphyritic biotite granodiorite 
Mafic xenoliths 

Plagioclase-porphyritic hornblende-biotite tonalite gneiss 
Plagioclase-porphyritic hornblende-biotite granodiorite 
Hornblende-biotite quartz diorite 
Hornblende-biotite granodiorite 

Grey-brown siltstone (pelitic) 
Dark grey-black siltstone 
Biotite-predominant feldspathic wacke 
Amphibole-predominant feldspathic wacke 
Biotite-amphibole feldspathic wacke 
Mafic wacke 
Lithic wacke 
Biotite-predominant conglomerate 
Amphibole-predominant conglomerate 
Mafic conglomerate 
Magnetite-rich layers 
Amphibole-rich layers 
Biotite + sericite schist 
Composite mafic-felsic gneiss 
Composite intermediate-mafic gneiss 
Thickly layered 
Medium-thick layered 
Thinly to very thinly layered 
Laminated 
Rip-up clasts 

Feldspathic siltstone 
Feldspathic arenite (various biotite:amphibole ratios) 
Feldspathic quartz crystal arenite 
Feldspathic lithic arenite 
Feldspathic conglomerate 
Gneissic feldspathic metasedimentary rocks (arenite?) 
Amphibole-rich layers 
Sericite ± biotite schist 
Thickly layered 
Medium-thick layered 
Thinly to very thinly layered 
Laminated 

Quartz-plagioclase-phyric lapilli-tuff and tuff 
Quartz-plagioclase-phyric lapillistone 
Quartz-plagioclase-phyric tuff-breccia 
"Massive" quartz-plagioclase-phyric subvolcanic(?) rocks 
"Massive" plagioclase-phyric subvolcanic(?) rocks 
Quartz-eye-sericite schist 
Intermediate (all outcrops not so coded are felsic in 

composition) 
Monoclastic 
Heteroclastic 

Pillowed flows 
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Mafic volcanic rocks 
la Massive flows 
lb Pillowed flows 
lc Variolitic flows 
Id Plagioclase-phyric flows 
le Flow-top and/or pillow breccia 
If Amygdaloidal flows 
lg Amphibolite 
lh Plagioclase-porphyritic amphibolite 
li Gneissic amphibolite 
lj Chlorite ± biotite ± amphibole schist 

SYMBOL TYPE 

Alteration 

SYMBOL REPRESENTING 

Minerals 

A 
B 
D 
E 
H 
I 
J 
K 
L 
M 
N 
P 

Q 
v 

ac 
ad 
am 
ay 
ba 
bi 
ca 
cb 
cp 
ci 
cl 
ct 
cm 
ep 
fl 
fs 
gm 
gt 
hb 
hm 
il 

Feldspathized (unsubdivided) 
Microclinized 
Albitized 
Sericitized 
Biotitized 
Chloritized 
Carbonatized 
Silicified 
Pyritized 
Epidotized 
Hematized 
Skarn-like alteration product: grossular-diopside-
vesuvianite-feldspar(?) (protolith undetermined) 
Gossan 
Vein-like alteration (generally feldspathization) 

actinolite 
andalusite (present within quartz pods) 
amphibole (present within quartz pods) 
anthophyUite-gedrite 
barite 
biotite (present within quartz pods) 
calcite 
carbonate (present within quartz pods) 
chalcopyrite 
cinnabar 
chlorite (present within quartz pods) 
cordierite 
cummingtonite-grunerite 
epidote (present within quartz pods) 
fluorite 
feldspar (present within quartz pods) 
green (vanadian) muscovite 
garnet 
hornblende 
hematite 
ilmenite (present within quartz pods) 
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ky kyanite (present within quartz pods) 
ma magnetite 
mo molybdenite 
mr microcline porphyroblasts (present within quartz pods) 
mt magnetite 
mu muscovite (present within quartz pods) 
pl plagioclase 
po pyrrhotite 
py pyrite (present within quartz pods) 
qs quartz stringers 
qv quartz vein, pod 
qz quartz 
re realgar 
rp retrograded porphyroblasts (porphyroblast unidentified) 
ru rutile 
sc scapolite 
se sericite 
sm sillimanite 
St staurolite 
sb stibnite 
tc talc 
ti titanite 
tm tourmaline 
tr tremolite (asbestiform) 
vg visible gold (observed by mine staff and/or author) 

1 For more detail, see master legends and symbol lists: lithologic and structural maps, scale 
1:5000. 
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Table 3: Structural legend and symbols list for maps, figures, and plates 1 

Dq-Dj Generation 

Sq bedding (inclined, vertical) 

Sq graded bedding with tops (inclined, overturned) 

J/7" £S7' Sq pillows with tops (inclined, overturned) 

v y 
Si lithologic layering (inclined, vertical) 

Dikes - aplite, pegmatite (inclined, vertical) 

^ Glacial striae 

D2 Generation 

/ S2 schistosity (inclined, vertical) 

"if* i/* % c l e a v a S e (inclined, vertical) 

^ cf? % compositional layering (stripey, transposed) (inclined, vertical) 

Sp predominant schistosity; generation unclear but with S2 characteristics 

(inclined, vertical) 

^ X Sg gneissosity (tectono-metamorphically modified S^) (inclined, vertical) 

^ L e 2 elongation lineation (clast, mineral aggregate) 
v Ljl 2 hitersection lineation for and S2 

f 1-^2 mineral lineation <J^<^<<^<J^~f^ ^f2 ^2 a x * s w * m styled asymmetry and closure 

^ ^ ^ ^ ^ F 2 P l a n e with stylized asymmetry and closure of associated fold 

Structural younging direction (sideways) 
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D3 and D4 Generations 

^ S3 schistosity: s plane, c plane, c' plane labelled (where determined) 

(inclined, vertical) 

S3 crenulation cleavage (inclined, vertical) 

L e 3 elongation (porphyroblast, pressure shadow) 

^ ™ Lil 3 intersection lineation for S | and S3 

L C 3 crenulation lineation 

1 ^ 3 mineral lineation 

^f1* Lj-3 quartz rod lineation 

L s 3 slickenside lineation 

^ f r y f r 4 3 ^3 a x * s w * m s tylized asymmetry and closure 

^ F 3 axial plane with stylized asymmetry and closure 

Lf4 F4 kink fold with stylized asymmetry, kink band boundary, kink fold axis 

Narrow, high-strain zone (inclined, vertical) 

~y/ Fracture and/or fault set (inclined, vertical) 

• » v / > V Small-scale, brittle or brittle-ductile fault with sense of movement (inclined, 

vertical) 

* / / Vein-like fracture-cbntrolled alteration (albitization) (inclined, vertical) 

Fabrics Of Undetermined Chronological Relationship 

^ua schistosity, generation undetermined (predominant fabric if the only 

foliation given) (inclined, vertical) 

^ ^ Sufc spaced cleavage, generation undetermined (with sericite or biotite infilling) 

(inclined, vertical) 
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Supplementary Structural Geology Codes 

R pseudotachylite (spatially, genetically(?) associated with cataclasite) 
T cataclasite (brittle/ductile; generally layer parallel) 
bx breccia (brittle, other than cataclasite) 
cl contorted layering 
fir notably fractured rock 
hs highly strained rocks (generally ductile) 
tl transposed layering 

F j ; F2; F3 generation of fold indicated beside fold symbol showing asymmetry 
F1-F2, F2-F3 earlier fold generation overprinted by axial planar cleavage of later fold 

event (generations indicated by numbers) 
F2,F3 layering shows 2 adjacent fold generations but not refolded folds 
S2 cw S i S2 fabric oriented clockwise relative to S j fabric 
S2 ccw Si S 2 fabric oriented counterclockwise relauve to S 1 fabric 

Additional Symbols 

Apparent grading of clasts from coarse (c) to fine (f) 

Apparent grading of mineralogy from quartzo-feldspathic minerals (qf) to mafic 

(amphibole + biotite) minerals (m) 

Apparent grading of colour from lighter (1) to darker (d) 

Ore And Mineralization Designation 

—" - •i—' Surface ore-grade mineralization; proven and probable 

» - - - — Projected (<150 m up dip) ore-grade mineralization 

• Subore-grade mineralization 

* For more detail, see master legends and symbol lists: lithologic and structural maps, scale 
1:5000. 



Table 4B: Rock description 1 , 2 and/or sampling rationale for rock geochemistry 

Sample No. Code Brief Description/Reason for sampling 

MAFIC METAVOLCANIC ROCKS (THOLEHTIC) 

78TLM-1548 la 
88TLM-3801 la 

78TLM-1550 lbc 
84TLM-2101 lbg 
78TLM-1549 lg 
78TLM-1552 lg 
83TLM-0707 li 
83TLM-0710 li 

-garnetiferous/general reference 
-"massive", between pillowed flows/comparison with gabbro and 
amphibole-rich layers 
-/general reference 
-locally gneissic/notably recrystallized 
-possibly variolitic/general reference 
-/near PGC 
-/within HFZ 
-/notably recrystallized, near contact with 4bf unit 

INTERMEDIATE METAVOLCANIC ROCKS (CALC-ALKALIC?) 

85TLM-0803 2a -bi in selvage, hb in pillow/general reference 

FELSIC TO INTERMEDIATE QUARTZ-PLAGIOCLASE-PHYRIC METAVOLCANIC 
ROCKS 

83TLM-0619 3a 
83TLM-0627 3a 

83TLM-0730 3a 
83TLM-0731 3a 

83TLM-0733 3a 

83TLM-0734 3a 

83TLM-0736 3a 
86TLM-4108 3a 
86TLM-4601 3a 

88TLM-2008 3a 

88TLM-
86TLM-
86TLM-
86TLM-
83TLM-
84TLM-
84TLM-
84TLM-

2102 3a 
4003 3ag 
4103 3ag 
4104 3ag 
0629 3d 
0110 3d 
0805 3d 
0902 3d 

84TLM-0903 3d 
84TLM-0904 3d 
84TLM-1005 3d 
84TLM-1006 3d 

-mylonitized/appeared slighdy altered; Au replicates: 360,205 ppb 
-schistose/Teck-Corona West Zone (surface); altered-mr, hm; Au 
replicates: 1920,1740 ppb 
-schistose/Highway Zone; altered(?); Au replicates: 210, 230 ppb 
-schistose/Highway Zone; altered-gm, se, py; Au replicates: 3160,3380 
ppb 
-schistose/Highway Zone; more mafic than 0734,5% py; Au replicates: 
310, 330 ppb 
-schistose/Highway Zone; more felsic than 0733, <1% py; Au replicates 
80,75 ppb 
-schistose/Highway Zone; altlered--se, gm, gt; Au replicates: 65,70 ppb 
-/general reference; some ep,cl 
-sheared?, schistose/Heron Bay area—U-Pb date sample 
(see Table 5) 
-mineralogically heterogeneous/C Zone east; altered-A, H; Au replicates: 
350, 335 ppb 
-/C Zone east; altered-A, H; Au replicates: 360,390 ppb 
-/C Zone area; altered~A, H, (J); Au Replicates: 80, <2, 80 ppb 
-/intruded?? by 3a; A, H 
-from graded unit/few lapilli 
-/structurally underlies Teck-Corona West Zone 
-schistose/altered-tm, py, gm (crenulated); Au replicates: 130,145 
-rusty seams/general reference 
-white, sugary texture/altered—B, (py); comparison with 0903; Au 
replicates: 260,260 ppb 
-weakly foliatedVunaltered"; comparison with 0902 
-weakly foliated/cut by 84TLM-0905 (unit 13b) 
-/general reference; (py); Au replicates: 170,170 ppb 
-white, sugary texture, py on fractures/altered~B; Au replicates: 50,70 
ppb 



84TLM-1901 3d 

84TLM-1904 3d 
84TLM-1905 3d 
84TLM-1906 3d 
84TLM-2304 3d 

85TLM-2902 3d 
85TLM-5101 3d 
85TLM-5603 3d 
85TLM-5606 3d 

85TLM-5702 3d 
86TLM-1002 3d 
86TLM-3801 3d 

86TLM-3802 3d 
86TLM-3804 3d 

86TLM-3811 3d 
86TLM-3906 3d 
86TLM-3914 3d 
86TLM-4005 3d 

86TLM-4006 3d 

86TLM-
86TLM-
88TLM-
88TLM-
88TLM-
88TLM-
88TLM-

4007 
5503 
2001 
2002 
2003 
2005 
2007 

88TLM-2009 
88TLM-2010 
88TLM-2013 

3d 
3d 
3d 
3d 
3d 
3d 
3d 

3d 
3d 
3d 

88TLM-2014 3d 

88TLM-2101 3d 
88TLM-2103 3d 
84TLM-0107 3dg 
86TLM-1001 3dg 

86TLM-1003 3dg 
86TLM-3805 3dg 

86TLM-4102 3dg 
83TLM-0637 3f 
85TLM-5604 3f 

-white, sugary texture, py on fractures/altered--B, (K?); Au replicates: 
2780,2910 ppb 
-/altered~gm; Au replicates: 240,185 ppb 
-/altered?; py on fractures; Au replicates: 405,405 ppb 
-/near fault zone; Au replicates: 710,1270 ppb 
-moderately foliated; cut by 84TLM-2304 (unit 14b)/Hemlo~U-Pb date 
sample (see Table 5); Au replicates: 50,50 ppb 
-"massive "/general reference 
-fragmental?/A Zone surface; general reference 
-pale pink, recrystallized/A Zone surface; altered—B 
-white/A Zone surface; altered~B; tm on planes; cut by 85TLM-5605 
(unit 14a) 
-schistose/Heritage east outcrop; general reference 
-locally sheared/altered-B, mo; Au Replicates: 130,75,130 ppb 
-sugary texture/altered-K; within 3 m thick tabular zone; Au Replicates: 
3050,415, 3430 ppb 
-"massive7"altered"; Au replicates: 110,290,135 ppb 
-"massive"/mapped as altered (A) equivalent(?) of 86TLM-3805 (unit 
3dg); Au replicates: 100,60,110 ppb 
-/altered; east end of C Zone test pit; Au replicates: 235,130,250 
-mylonitized?/altered?; Au Replicates: 420,4050,400 ppb 
-pinkish/altered; py + bi on seams; Au replicates: 980,100,1280 ppb 
-sugary texture, chalky weathering/tabular altered zone—B, L; within 2 
m of 86TLM-4006; Au replicates: 140,190,120 ppb 
-many pi and few qz phenocrysts/altered~A, H; within 2 m of 86TLM-
4005 
-"massive'Vgeneral reference; within 13 m of 86TLM-4005,4006 
-/intrudes? fragmental rocks 
-/C Zone east; general reference 
-/C Zone east; from rusty altered zone; Au replicates: 115,100 ppb 
-/C Zone east; altered-H?; Au replicates: 75,95 ppb 
-/C Zone east; disseminated py; Au replicates: 340,350 ppb 
-schistose/C Zone east; altered, matrix of pyritized lensy rock; Au 
replicates: 55,70 ppb 
-/C Zone east; altered-B, N; Au replicates: 1010,1170 ppb 
-/C Zone east; near C333 zone, altered-(K); Au replicates: 800, 800 ppb 
-/C Zone east; within 0.5 m of 88TLM-2012 (see Williams property C 
Zone, this table); Au replicates: 260,230 ppb 
-/C Zone east; altered(?), near zone of silicification; Au replicates: 160, 
180 ppb 
-white, fractured/C Zone east; altered; Au replicates: 3090,3140 ppb 
-/C Zone east; altered-B; Au replicates: 80, 80 ppb 
-/cut by 84TLM-0106 (unit 13b) 
-/general reference; relatively "fresh", unsheared; gm in outcrop but 
not sample 
-fractured/weakly rusty; Au Replicates: 170,4,200 ppb 
-"massive", hard/close to 86TLM-3804 (unit 3d); Au Replicates: 50,105, 
50 ppb 
-/altered(?); some tm lenses in outcrop 
-schistose/altered(?)~E?; gm, tm in outcrop 
-schistose/A Zone surface; some py 

FELDSPATHIC METASEDIMENTARY ROCKS (LARGELY ARENITES) 
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85TLM-4401 4a -interlayered with 85TLM-4402 (unit 5g)/general reference 
85TLM-4404 4a -/general reference 
85TLM-4711 4a -/general reference; upper part of turbidite;; Au replicates: 70, 50 ppb 
86TLM-4105 4a -/altered(?); separates 2 units of 3ag 
78TLM-1557 4b -/general reference 
78TLM-1559 4b -some rusty weathering layers in outcrop/general reference 
85TLM-4701 4b -minor gt, st/general reference 
85TLM-4710 4b -/altered(?) 
88TLM-2203 4b -/general reference; S of HFZ 
89TLM-1301 4b -schistose, rusty /altered(?); appears similar to BSZ weathering 
83TLM-0519 4c -locally rusty/altered(?); rare gm 
83TLM-0614 4c -locally rusty/adjacent unit to BSZ; minor gm and mr 
83TLM-0711 4d -strongly deformed, dismembered layering?/ near HFZ 
83TLM-0716 4d -some qz "pebbles" and phenoclasts; general reference 
84TLM-1101 4d -/ill-defined alteration 
84TLM-2008 4d -/general reference 
85TLM-4202 4d -interbedded wim unit 4a/general reference 
85TLM-4713 4d -has some amphibole-rich layer affinity/chemically is alkalic 
85TLM-4714 4d -relatively coarse-grained, thickly layered/general reference 
86TLM-4109 4d -/general reference 
86TLM-5301 4d -/pervasively altered to some degree--A, H; same outcrop as 86TLM-

5302, below; Au Replicates: 1260,660,1100 ppb 
-vein-like alteration/intensely altered-A, K?; same outcrop as 86TLM-
5301, above; Au Replicates: 535,85,315 ppb 
-/general reference 
-schistose, sheared?/altered-D?, H, py; Au Replicates: 800,1330,3790 
ppb 

•2808 4e -possibly was 3ag/altered~D?, H; Au Replicates: 80,1035,185 ppb 
•1555 4f -/general reference 
•1556 4f -/general reference 
•0636 4f -moderately strained/general reference 
•0645 4f -moderately strained/general reference 
•0651 4f -moderately strained/general reference 
0720 4f -thinly laminated/general reference 
0722 4f -spaced, rusty, schistose planes/general reference 
0723 4f -some layers with amphibolel-rich layer affinity/general reference 
2005 4f -/at contact with amphibolite 
5102 4f -lenses (clasts?, layers?)/A Zone surface; Au replicates: 40,40 ppb 

86TLM-5302 4d 

86TLM-5504 4d 
86TLM-2806 4e 

86TLM 
78TLM 
78TLM 
83TLM 
83TLM 
83TLM-
83TLM-
83TLM-
83TLM-
84TLM-
85TLM-

IMMATURE METASEDIMENTARY ROCKS (LARGELY WACKES) 

85TLM 
85TLM 
78TLM 
78TLM 
83TLM 
83TLM-
85TLM-
85TLM-
85TLM-

4703 5a 
4709 5a 
1535 5b 

•1536 5c 
•0721 5c 
•0727 5c 
•4403 5c 
•4702 5c 
•5106 5c 

83TLM-0511B 5e 
83TLM-0634 5g 

-gt, st/Back 40s outcrop; general reference 
-gt, st/general reference 
-/general reference 
-/general reference 
-thinly layered; some magnetite-bearing layers/general reference 
-gt/general reference 
-interlayered in outcrop with unit 4a/general reference 
-/general reference 
-schistose/A Zone surface; on strike from 85TLM-5104 (see highly 
altered/mineralized rocks) but more coherent 
-laminated, upper part of turbidite/general reference 
-in outcrop having mt-rich layers/general reference 
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85TLM-4402 5g -some rip-up clasts in outcrop; interlayered with 85TLM-4401 (unit 5g 
4a)/general reference 

85TLM-4405 5g -thickly layered/general reference 
86TLM-4110 5h -/general reference 
83TLM-0635 5k -mt-rich layers in 5e/general reference 
83TLM-0724 5k -mt+am-rich layers in 5e,4b/general reference 
83TLM-0601 51 -am+fs/general reference 
851LM-2701 51 -gt/general reference 
85TLM-3002 51 -gt/general reference 
85TLM-3703 51 -gt/general reference 
85TLM-4708 51 -am+fs/general reference 

FELSIC PLUTONS 

PUKASKWA GNEISSIC COMPLEX 

86TLM-4403 6a -outside of map area/check of various phases 
86TLM-4401 6b - -outside of map area/U-Pb date sample (see Table 5) 
86TLM-4408 6b -outside of map area/check of various phases 
86TLM-4405 6c -outside of map area/check of various phases 
86TLM-4402 6d -outside of map area/U-Pb date sample (see Table 5) 
86TLM-4407 6d -outside of map area/check of various phases 

BOTHAM STOCK 

83TLM-0740 7a -near fault zone; hematized, mr megacrysts/general reference 
86TLM-5512 7b -minor hematite and epidote/genend reference 

CEDAR LAKE PLUTON 

84TLM-2301 8a -/U-Pb date sample (see Table 5) 
83TLM-0501 8b -weakly to non-foliated/pluton margin 
87TLM-6203 8b -/U-Pb date sample (see Table 5) 

CEDAR CREEK STOCK 

78TLM-1525 9a -/general reference 
87TLM-6202 9a -/U-Pb date sample (see Table 5) 

HERON BAY PLUTON 

83TLM-0743 - -outside map area; foliated plagioclase-porphyritic biotite 
granodiorite at pluton contact/general reference 

83TLM-0744 - -outside map area; foliated plagioclase-subporphyritic biotite 
granodiorite/general reference 

86TLM-4409 - -outside map area/U-Pb date sample (see Table 5) 

GOWAN LAKE PLUTON 

86TLM-4502 - -outside of map area/U-Pb date sample (see Table 5) 

ARCHEAN DIKES 

MAFIC-ULTRAMAFIC DIKES 
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88TLM-3002 10a 
78TLM-1538 10b 
84TLM-1708 10b 
84TLM-2102 10b 

88TLM-3202 10b 
88TLM-3203 10c 
78TLM-1537 lOd 
83TLM-0701 lOd 
83TLM-0706 lOd 
85TLM-2301 lOd 

-ac+bi+cl/general reference; less schistose than most unit 10 dikes 
-/from HFZ; centre of dike-least schistose 
-ac+ay+cl/general reference; from HFZ? 
-ac+bi; intrudes unit lg/appears to be cut by 84TLM-2103 (unit 12a); 
from HFZ? 
-ac+bi/spatially with calc-silicate alteration 
-te+cl+cb(no qz pods)/spatially with calc-silicate alteration 
-cl+ac/locally with tc 
-cl+ac; schistose, lineated/cut by 83TLM-0702 (unit 14d) 
-cl+ac; with undeformed py cubes up to 4 mm/general reference 
-cl+ac+tc; some py cubes/general reference 

MAFIC DIKES 

83TLM-0613 l i b -boudinage; in rusty rocks near BSZ/general reference 
84TLM-1004 l i b -weaklylineated/generalreference 
85TLM-4705 1 lb -/Back 40s outcrops; from dike with tm 
85TLM-4706 l i b -/Back 40s outcrops; from dike without tm 
85TLM-4707 1 lb -/Back 40s outcrops; from centre of dike without tm 
83TLM-0511A 1 lc -dark colour, conspicuous bi in relatively massive dike/unusual 
83TLM-0704 1 lde -cut by 83TLM-0703 (unit 14d); xenoliths highly flattened/HFZ 
83TLM-0717 l id -schistose/generalreference 
84TLM-0501 l i d -schistose, bi/general reference 
86TLM-3803 1 Id -sheared; possibly intrudes unit 12b, spatially associated with 

diatreme/general reference; Au Replicates: 160,370,135 ppb 

MAFIC-INTERMEDIATE DIKES 

78TLM-1542 12a 
84TLM-2103 12a 
86TLM-3807 12a 

86TLM-
84TLM-

3915 12a 
1902 12b 

88TLM-2106 12b 

78TLM-
83TLM-
84TLM-

1524 12c 
0638 12c 
2303 12c 

85TLM-5103 12c 

85TLM-
86TLM-

5107 12c 
2809 12c 

-schistose/general reference 
-possibly cuts 84TLM-2102 (unit 10b); from HFZ?/general reference 
-schistose; matrix to intrusion breccia spatially associated with 
diatreme/general reference; some py; Au Replicates: 260,150,220 ppb 
-schistose/general reference 
-schistose/chilled contacts or alteration along margins; chemically is 
alkalic; Au replicates: 805,820 ppb 
-schistose, sheared; some possible pi phenocrysts/C Zone east; 
general reference; Au replicates: 70,95 ppb 
-weakly foliated/general reference 
-schistose/cuts LMZ on Highway 17 
-part of dike swarm/A Zone surface; U-Pb date sample (see Table 5); Au 
replicates: 70,75 ppb 
-schistose~bi; contains some flattened bi lenses/A Zone surface; possibly 
cut by swarm of 12c dike 
-less schistose and mafic than 85TLM-5103 above/A Zone surface 
-dark grey/general reference 

INTERMEDIATE DIKES 

83TLM-0709 13a 
86TLM-3810 13a 
88TLM-2108 13a 
88TLM-2109 13a 

-sparse subporphyritic pl/general reference 
-/C Zone test pit surface; appears to cut mineralization 
-schistose/C Zone east; general reference 
-spatially associated with hematization/C Zone east; cut by 88TLM-2110 
below; appears similar to dikes from A Zone dike swarm 
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88TLM-2110 13a 
83TLM-0632 13b 

83TLM-
84TLM 
84TLM-
84TLM-
84TLM-
85TLM-
86TLM-
86TLM-
86TLM-
88TLM-

•0633 13b 
•0102 13b 
•0106 13b 
•0111 13b 
0905 13b 
0901 13bc 
1101 13b 
4004 13bc 
4101 13bc 
2509 13b 

-sheared/C Zone east; cuts 88TLM-2109 above; Au replicates: 80,90 ppb 
-"popcorn" porphyry~in this case, pi phenocrysts with rat 
cores/unusual example 
-/general reference 
-/general reference 
-/cuts? 84TLM-0107 (unit 3dg) 
-/cuts altered 84TLM-0110 (unit 3d) 
-/cuts 84TLM-0904 (unit 3d) 
-highly flattened lenses of cl/general reference 
-"popcorn" porphyry/general reference 
-/general reference 
-/general reference 
-"popcorn" porphyry/general reference 

FELSIC DIKES 

83TLM-0513 14a 
83TLM-0626 14a 
83TLM-0726 14a 
84TLM-2006 14a 
84TLM-2302 14a 

85TLM-
85TLM-
86TLM-
87TLM-
88TLM-
88TLM-
84TLM-
88TLM-
88TLM-
88TLM-
83TLM-
86TLM-
83TLM-
83TLM-

•4712 14a 
5605 14a 
5509 14a 
6201 14a 
2104 Hag 
2112 14a 
2305 14b 
2105 14b 
2107 14b 
3802 14b 
0504 14c 
4107 14c 
0702 14d 
0703 14d 

89TLM-3501 14d 
83TLM-0502 14e 
83TLM-0742 14f 

-within axial plane of Cedar Creek fold/general reference 
-subporphyritic/cuts Teck-Corona West Zone 
-from dike swarm/general reference 
-relatively dike near HFZ/general reference 
-thick sheet near CLP; cut by unit 14c of 83TLM-0504 below/U-Pb date 
sample (see Table 5) 
-/general reference; Au replicates: 100,80 ppb 
-cuts 85TLM-56067general reference; Au replicates: 210,185 ppb 
-near lineament, fractured, pink/unusually fine-grained 
-/A Zone in pit; U-Pb date sample 
-subporphyritic/C Zone east; general reference 
-/C Zone east; general reference 
-cuts 84TLM-2304 (unit 3d)/U-Pb date sample (see Table 5) 
-/C Zone east; general reference 
-/C Zone east; general reference 
-sparse qz phenocrysts/general reference 
-thick sheet near CLP/cuts unit 14a of 84TLM-2302 above 
-/general reference 
-fractures, some hematite/HFZ; altered--bleaching, high Na20; 
-fractures, some hematite/HFZ; altered--bleaching, high Na20; chemically 
is alkalic; cuts 84TLM-0704 (unit llde) 
-/test whether felsic dike may be feldspathized 
-/general reference 
-fs+qz+mu(non-qz pod type)/uncommon mineralogy 

PROTEROZOIC DIKES 

MAFIC INTRUSIVE DIKES 

83TLM-0622 15a 
83TLM-0741 15a 
83TLM-0718 15ab 
86TLM-5505 15ab 
83TLM-0640 15c 

-qz diabase; sparse pi phenocrysts/general reference 
-qz diabase/general reference 
-chilled diabase with pi microlites/general reference 
-qz diabase; sparse pi phenocrysts/general reference 
-qz diabase/general reference 

LAMPROPHYRE DIKES 

78TLM-1531 16a -very dark green/general reference 
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78TLM-1532 16b -medium grey/general reference 

HIGHLY ALTERED/MINERALIZED ROCKS 

GOLDEN SCEPTRE (HEMLO GOLD MINES) PROPERTY 

86TLM-2805 ? 

86TLM-2807 4? 
88TLM-6101 4d? 
89TLM-2502 ? 
89TLM-3801 ? 
89TLM-3802 ? 
89TLM-3803 ? 
89TLM-3804 ? 

89TLM-3805 4d? 

WILLIAMS PROPERTY - C ZONE 

-sheared; fragmental?;cut by qz+cb+py stringers/altered- A, H, L; Au 
Replicates: 80,220,115 ppb 
-/altered~A; Au Replicates: 200,140,200 ppb 
-N Zone area/altered~D, I; some py 
-L104W; highly fractured; local rust/altered~D; note Mo content 
-N Zone area; vein-like; buff to white; remnant qz crystals/altered~D 
-N Zone area; vein-like; grey to white/altered-D 
-N Zone area; vein-like; schistose/altered—A, L 
-N Zone area; white; roughly parallel to Sl/altered-A; potassium and 
calcium depletion? 
-N Zone area; grey/altered?-A?; silica depletion?; chemically is alkalic 

88TLM-2012 3d? -dark, bluish grey; hard; fractured; qz eyes destroyed/altered-K, 
depleted in magnesium, calcium, and sodium; mo; Au replicates: 1820, 
1590 ppb 

WILLIAMS PROPERTY - HERITAGE OUTCROPS 

85TLM-5705 4?,5? -East outcrop; white; chalky weathering; sugary texture; rusty 
anastomosing shear(?) planes/altered-B, sodium and calcium depletion; 
Au replicates: 395,380 ppb 

85TLM-5706 4?,5? -East outcrop; hard; white weathering, milky grey fresh; rust on some 
planes of schistosity/altered-B, sodium depletion 

WILLIAMS PROPERTY - A ZONE 

85TLM-5104 5? 

85TLM-5108 5? 

85TLM-5610 5h 

85TLM-5612 5h 

85TLM-5614 5? 
85TLM-5616 5? 

85TLM-5617 5? 

85TLM-5619 5 
85TLM-5620 5 

-schistose; gossan; bi+se+fs; highly weathered/general reference for 
hanging wall gossan; Au replicates: 680,725 ppb 
-anastomosing schistosity planes with py/altered-A, L; Au replicates: 75, 
55 ppb 
-schistose; "sericitic fragmental,7altered--E, ba, tm, gm, py; equivalent 
of "biotitic fragmental" (unit 5h?); cf.85TLM-5612; Au replicates: 2390, 
2480 ppb 
-schistose; "biotitic fragmental"/likely altered-H, gm; cf. 85TLM-5610; 
Au replicates: 560,605 ppb 
-fractured, foliated/altered--A, L; Au replicates: 2840,2910 ppb 
-layered rock; bi and py on schistosity planes/altered-B?, silica 
depletion; mo; Au replicates: 6080,5970 ppb 
-pseudofragmental; py outlines "fragments"; bi and py on schistosity 
planes/altered-A, L, silica depletion; Au replicates: 1110,1130 ppb 
-light grey to white layers (tectonic?)/altered-D, potassium depletion 
-nearby to 85TLM-5619; st/relatively unaltered 

MISCELLANEOUS GOSSANS 

83TLM-0503 5f -Highway 17, adjacent CLP; rusty, schistose; py/general reference 
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83TLM-0642 4?,5? -Highway 17, Moose Lake; schistose; possible conglomerate unit; bi, py, 
gt/general reference; Au replicates: 130,180 ppb 

83TLM-0647 4?,5? -Highway 17, Moose Lake; some amphibole-rich layers; bi, mu on 
schistosity planes; py/general reference 

83TLM-0719 4b? -Highway 17, "Fault" Lake; py in layer-parallel zone/general reference 
88TLM-2904 4b? -north of "Molson Light" Lake; py; qz stringers parallel to 

fabric/general reference; altered? 

Abbreviations for minerals and types of alteration as per Table 2. 

Other abbreviations 

BSZ Barren sulphide zone 
CLP Cedar Lake Pluton 
HFZ Hemlo fault zone 
LMZ Lower mineralized zone 
PGC Pukaskwa Gneissic Complex 
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Table 6: Hemlo Deposit Gold Production1:1985-1992 

Year David Bell Mine Golden Giant Mine Williams Mine Total 

1985 20 989 98 155 10 369 129 513 
1986 52 888 254 545 198 515 505 948 
1987 130 122 369 300 256 809 756 231 
1988 218 333 336 700 378 827 933 860 
1989 312190 378 400 494 127 1 184 717 
1990 318 098 435 300 594 128 1 347 526 
1991 295 284 443 400 518 703 1 257 425 
1992 210121 451 403 496 920 1 158 444 
Total 1558 025 2 587 203 2 948 398 7 273 664 

* in ounces Au 
1 Data based on information from the Resident Geologist's office, Schreiber-Hemlo District, 
Ministry of Northern Development and Mines, Thunder Bay. 
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Table 7: Mine Reserves for the Hemlo Gold Deposit as of 1992/12/311 

Mine Tonnes Grade 

David Bell Mine 2 . 6 318 325 12.14 g/t 
Golden Giant Mine 3 15 720 000 11.00 g/t 
Williams Mine 4 31 888 000 6.58 g/t 

* Data based on information from the Resident Geologist's office, Schreiber-Hemlo District, 
Ministry of Northern Development and Mines, Thunder Bay. 
2 Mineable, diluted, recoverable: grade value converted from stated figure of 0.354 oz Au/tonne; 
P. Desautels, personal communication, 1993 
3 Proven and probable: includes ore from Golden Giant #1 orebody (13 270 2891 @ 11.06 g/t) 
and the Quarter Claim (1 810 9961 @ 10 55 g/t); R. Kusins, personal communication, 1993 
4 Proven and probable, diluted: grade converted from stated figure of 0.192 oz Au/tonne; J. 
Gray, personal communication, 1993 



Table 8: Williams Property C Zone Ore Reserves as of 1990 a 

Orebody Location Reserves TonnesGrade (g/t) 
Series [Upper pit 40 m ( l ) [Proven (1) 

Lower pit 60 m (2) Probable (2) 
Underground (3)] Possible (3)] 

C100&C200 1,2 2 905 000 4.3 
3 3 929 000 11.9 

C333 only b 1 1 354 000 3.9 C333 only b 

2 2 587 000 3.9 
3 3 2 165 000 6.2 

Other C300 1,2 2 310 000 3.1 
3 3 117 000 4.2 

Total pit 1,2 1 354 000 3.9 
Total pit 1,2 2 1802 000 4.0 
Total underground 3 3 3 211 000 7.8 
Grand total 1,2,3 1,2,3 5 367 000 6.2 
a A. Guthrie, Williams Operating Corporation, written communication, 1992 
b The C333 zone is the "main" ore zone of the C Zone, from which a bulk sample was taken, 
represented presently on the detailed geology maps by the elongate test pit lying to the west of 
the C Zone east outcrop. 
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Table 9: Summary of Metamorphic Chronology from the Literature 

Burk et al. (1986) (see also Burk 1986) 

Study area: Teck-Corona property; David Bell Mine 
First Event:progressive -high P (>7 kb); moderate T (ca 570°C) 
Uplift 
Second Event -lower P (5 kb); moderate T (ca 570°C) 

-synchronous with development of "dominant planar fabric 
within the high-strain deformation zones" 

Kuhns(1988) 

Study area: mostly Golden Giant Mine 
Interpretation: 2 "well-developed" metamorphic episodes 
First Event (Ml): -500 to 600°C; 5 to 6+ kb 

-regional, amphibolite grade; related to intrusion of plutons 
Uplift 
Second Event (M2): -350°C; 1 to 3 kb 

-retrograde, contact metamorphism, related to intrusion of 
dikes and stocks 

Fleet and Pan (1991) 

Study area: White River gold prospect, supracrustal rocks several 
kilometres southeast of the Hemlo deposit 

First Event: -455 to 520°C, 6 to 6.5 kb 
-during crustal thickening 

Second Event: -475 to 500°C; 3.2 kb 
-regional, sreenschist-amphibolite transition facies 
-580±20 ( 5C; 4.2 to 4.5 kb 
-local, middle amphibolite facies in 2 high-strain zones 

Third Event: -360 ± 20°C; 1.2 to 1.7 kb 
-low- to very low-grade, pervasive alteration 

Pan and Fleet (1992) 

Study area: Hemlo gold deposit area 
First Event: -500°C; 6 to 6.5 kb 

-regional metamorphism 
Second Event: -580°C; 4 kb 

-regional metamorphism 



CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO 
GEOLOGICAL SURVEY PUBLICATIONS 

Conversion from SI to Imperial Conversion from Imperial to SI 

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives 
LENGTH 

1 mm 0.039 37 inches 1 inch 25.4 mm 
1 cm 0.393 70 inches 1 inch 2.54 cm 
1 m 3.28084 feet 1 foot 0.304 8 m 
1 m 0.049 709 7 chains 1 chain 20.116 8 m 
1km 0.621 371 miles (statute) 1 mile (statute) 1.609344 km 

AREA 
1 cm@ 0.155 0 square inches 1 square inch 6.4516 cm<S> 
1 m@ 10.763 9 square feet 1 square foot 0.092 903 04 m@ 
1 km@ 0.386 10 square miles 1 square mile 2.589 988 km@ 
1 ha 2.471054 acres 1 acre 0.404 685 6 ha 

VOLUME 
l c m # 0.061 02 cubic inches 1 cubic inch 16387 064 cm# 
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m# 
l m # 1.308 0 cubic yards 1 cubic yard 0.764 555 m# 

CAPACITY 
1 L 1.759 755 pints 1 pint 0.568 261 L 
1L 0.879 877 quarts 1 quart 1.136 522 L 
1L 0.219 969 gallons 1 gallon 4.546 090 L 

MASS 
l g 0.035 273 96 ounces (avdp) 1 ounce(avdp) 28.349 523 g 
l g 0.032150 75 ounces (troy) 1 ounce (troy) 31.103 476 8 g 
1kg 2.204 62 pounds (avdp) 1 pound(avdp) 0.453 592 37 kg 
J kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg 
I t 1.102311 tons (short) 1 ton (short) 0.907 184 74 t 
1kg 0.000984 21 tons (long) 1 ton (long) 1016.046 908 8 kg 
I t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 908 8 t 

CONCENTRATION 
1 g/t 0.029 1666 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t 

ton (short) ton (short) 
1 g/t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t 

ton (short) ton (short) 

OTHER USEFUL CONVERSION FACTORS 

1 ounce (troy) per ton (short) 
1 pennyweight per ton (short) 

Multiplied by 
20.0 

0.05 
pennyweights per ton (short) 
ounces (troy) per ton (short) 

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. 
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3 2 6 8 

I S S N 0 8 2 6 - 9 5 8 0 

I S B N 0 - 7 7 7 8 - 1 9 6 0 - 0 



APPENDIX 1 Analytical Methods and Capabilities Table 10' 

YEAR 1978' J983' 1984 1985 1986 19872 1988 1989 
Lab. Job No. 78-1323 83-2089 84-2206 85-2373 86-2518 87-3000 88-2817 89-9998 
Element/ M 3 P 4 M P M P M P M P M P M P M P 
Oxide 

1 Ag n.a. n.d. AA n.d. AA n.d. AA 1 AA 1 AA 1 AA 1 AA 1 
As n.a. 0.6 AA 0.6 AA 0.6 AA 0.6 AA 0.6 AA 0.6 AA 1.0 AA 1 
Au n.a. n.d. AA n.d. AA n.d. AA 0.01 AA 0.01 AA 0.01 AA 0.01 AA 0.01 
B n.a. n.d. DC n.d. n.a. n.d. n.a. 2 n.a. n.d. n.a. n.d n.a. n.d. n.a. n.d. 
Ba AA 16 AA 16 AA 16 AA 16 AA 16 AA 16 AA 16 AA 16 
Be n.a. 1 OES 1 OES 1 OES 1 OES 1 OES 1 OES 1 OES 1 
Co AA 5 AA 5 AA 5 AA 10 AA 5 OES 5 AA 5 AA 10 
Cr AA 20 AA 20 AA 20 AA 20 AA 20 AA 20 AA 20 AA 20 
Cu AA 4 AA 4 AA 4 AA 10 AA 4 OES 4 AA 1 AA 10 
F n.a. n.d. n.a. n.d. C n.d. C 40 C 40 C 50 n.a. 50 C 50 
Hg n.a. n.d. AA n.d. AA n.d. AA 0.02 AA 0.02 AA 0.01 AA 0.01 AA 0.01 
Li AA 3 AA 3 AA 3 AA 3 AA 3 AA 3 AA 3 AA 3 
Mo n.a. 30 OES 30 OES 30 OES 30 OES 30 OES 3 OES 3 OES 3 
Nb n.a. 10 OES 10 OES 10 n.a. 10 n.a. 10 n.a. 10 n.a. 10 n.a. 5 
Ni AA 6 AA 6 AA 6 AA 10 AA 6 : OES 6 AA 6 AA 10 
Pb AA 8 AA 8 AA 8 AA 8 AA 8 AA 8 AA 8 AA 8 
Rb n.a. 5 n.a. 5 OES 5 n.a. 5 IUL 5 n.a. 5 n.a. 5 n.a. 5 
Sb n.a. 0.2 AA 0.2 AA 0.2 AA 0.2 AA 0.2 AA 0.2 AA 0.2 AA 0.2 
Sc n.a. 5 OES 5 OES 5 OES 5 OES 5 OES 5 OES 5 OES 5 
Sr n.a. 6 OES 15 XRF 6 OES 30 OES 15 OES 15 OES 15 OES 15 
Th n.a. n.d. n.a. n.d. OES n.d. n.a. 15 iua. 15 n.a. 15 n.a. 10 n.a. 10 
V n.a. 6 OES 6 OES 6 OES 10 OES 10 OES 10 OES 10 OES 10 
W n.a. n.d. OES n.d. n.a. n.d. n.a. 100 n.a. 100 n.a. 100 n.a. 100 n.a. 100 
Y n.a. 20 OES 20 OES 20 OES 20 OES 20 OES 20 OES 20 OES 20 
Zn AA 5 AA 5 AA 5 AA 10 AA 10 OES 10 AA 15 AA 10 
Zr n.a. n.d. OES n.d. XRF 10 n.a. 10 n.a. 10 n.a. 10 n.a. 10 n.a. 10 
SiO, XRF 1.0 XRF 1.0 XRF 1.0 XRF 2 XRF 2 XRF 2 XRF 0.8 XRF 0.8 
AljO, XRF 0.4 XRF 0.4 XRF 0.4 XRF 0.4 XRF 0.4 XRF 0.4 XRF 03 XRF 0.3 
Fe,0, XRF 0.3 XRF 0.3 XRF 0.3 XRF 0.6 XRF 0.6 XRF 0.6 XRF 0.2 XRF 0.2 
FeO n.a. 0.2 V 0.2 V 0.2 V 0.2 V 0.2 V 0.2 n.a. 0.2 V 0.2 
MgO XRF 0.2 XRF 0.2 XRF 0.2 XRF 0.3 XRF 0;3 XRF 0.3 XRF 0.3 XRF 0.3 
CaO XRF 0.15 XRF 0.15 XRF 0.15 XRF 0.15 XRF 0.15 XRF 0.15 XRF 0.15 XRF 0.15 
Na,0 XRF 0J XRF 0.3 XRF 0.3 XRF 0.5 XRF 0.5 XRF 0.5 XRF 0.5 XRF 0.5 
KjO XRF 0.2 XRF 0.2 XRF 0.2 XRF 0.1 XRF 0.1 XRF 0.1 XRF 0.15 XRF 0.15 
TiOj XRF 0.06 XRF 0.06 XRF 0.06 XRF 0.16 XRF 0.16 XRF 0.16 XRF 0.12 XRF 0.12 
P A XRF 0.08 XRF 0.08 XRF 0.08 XRF 0.15 XRF 0.15 XRF 0.15 XRF 0.05 XRF 0.05 
MnO XRF 0.015 XRF 0.015 XRF 0.015 XRF 0.015 XRF 0.015 XRF 0.015 XRF 0.015 XRF 0.015 
CO, I 0.2 I 0.2 I 0.2 I 0.06 I 0.06 I 0.06 I 0.1 I 0.1 
S I 0.2 I 0.2 I 0.2 I 0.02 I 0.02 I 0.02 I 0.02 I 0.02 
E,0+ n.a. 0.4 I 0.4 I 0.4 I 0.6 I 0.2 I 0.2 n.a. 0.2 I 0.2 
HjO- n.a. 0.2 I 0.2 I 0.2 I 0.1 I 0.1 I 0.1 n.a. 0.1 I 0.1 
L.O.I. G 0.1 G 0.1 G 0.1 G 0.4 G 0.4 G 0.4 G 0.4 G 0.4 



FOOTNOTES: 

1 Data for this year are assumed from values for 1984. 

2 Data for this year are assumed from values for 1988. 

3 M = Analytical Method as follows: 
AA = atomic absorption 
C colorimetric 
DC = DC arc (optical emission) 
G gravimetric 
I infrared 
MS = ICP-MS = inductively coupled plasma - mass spectrometer 
OES — ICP-OES = inductively coupled plasma - optical emission spectrometry 
XRF = X-Ray fluorescence 
n.a. = not analysed 

P = Precision, as determined with the following criteria: 
trace elements quoted in ppm at the 95% confidence level for a value 10 times the determination limit. 
major elements quoted in percent (relative standard deviation) at the 95 % confidence limit for the mid-range value. 
all precision figures to be considered as + / - the stated value. 
data were taken from the Geoscience Laboratories Capabilities brochures for 1980 to 1989. These are based on information in the Laboratories manual of Methods or the Blind Replicate 
Program administered by the Chief Analyst, 

n.d. = not determined 



S a m p l e N o C o d e S i 0 2 A 1 2 0 3 F e 2 0 3 F e O MgO C i O N a 2 0 K 2 0 TK32 P 2 0 5 M n O C 0 2 S H 2 0 + H 2 0 - L O I T O T A L S G A * A s A u B B a B e C o Cx C u F H * U M o N b N i P b R b S b S c Sr T h V W Y Z n Z i E a s t i n g N o r t h i n g 

MAFIC METAVOLCANIC ROCKS (THOLEIITIC) 
78TLM-1548 I t 5 3 90 1440 14.20 nd 3 . 8 0 7 . 6 1 286 0.18 1 .82 0.12 0.28 nd 0.03 nd nd 0.40 99.20 196 nd nd nd nd 140 nd 40 25 25 nd nd 10 nd nd 30 <10 nd nd nd nd nd nd nd nd 130 n d 5 7 4 9 2 7 5 3 9 3 3 0 9 

VHU-3HI la 52.10 14.10 13-70 nd 5.72 845 2.20 0.69 1.16 0.09 0.20 014 0.01 nd nd 030 98 56 199 <2 <1 2 nd 210 <1 44 111 53 260 5 2S <10 nd 77 <10 nd <0.1 40 115 nd 305 nd 20.0 125 nd 579112 5395992 
78TLM-1550 l b e 50.20 1440 12-50 nd 5.75 11.20 171 0.49 098 0.09 0.24 nd 0.11 nd nd 1.20 98.67 3.01 nd nd nd nd SO nd 45 490 45 nd nd 15 nd nd 100 <10 nd nd nd nd nd nd nd nd 100 nd 576397 5393483 
84TLM-2101 Ibf 50.00 13.90 3.40 11.50 5.43 8.14 187 0 58 1.62 008 031 0 22 034 1.71 0 05 080 100.15 nd <2 <1 3 nd ISO 2 48 91 70 120 <20 22 nd 16 59 <10 13 0.1 50 150 <10 375 nd 300 200 105 575783 5393411 
7STLM-1549 1( 50.00 1400 16.10 nd 4.57 931 139 0.45 1.61 0.09 031 nd 0.06 nd nd 0 80 98.89 304 nd nd nd nd 130 nd 50 85 60 nd nd 20 nd nd 50 <10 ad nd nd nd nd nd nd nd 125 nd 575456 5393499 
78TLM-1552 If 5190 1430 15.00 nd 3.90 8.18 3.06 0 53 1.29 008 0.27 nd 0.04 nd nd 0.50 99.55 199 nd nd nd nd 40 nd 40 15 90 nd nd 10 nd nd 30 295 nd nd nd nd nd nd nd nd 240 nd 580368 5391716 
83TLM-0707 l i 49.50 1420 310 9.3* 6.71 10.50 154 0 28 1.01 0.03 035 0.17 002 1.45 0.05 0.40 99.29 195 <2 <1 <2 0.5 100 1 55 171 71 nd <20 16 <10 15 84 <10 nd <0.1 40 115 nd 290 <50 18.0 135 2 577990 5393450 
OTLM-O710 l i 47.80 1360 3.10 1120 591 8.15 135 0.29 1.61 0.04 032 0.20 064 101 004 1.00 9826 3.07 <2 <l <2 0.5 90 1 50 SO 192 nd <20 23 <10 17 58 <I0 nd <0.1 45 255 nd 360 <50 30.0 150 10 577880 5393450 
INTERMEDIATE METAVOLCANIC ROCKS (CALC-ALKALIC?) 
85TLM-0803 2 a 51.20 18 90 3.34 4 29 2.64 7.28 6.12 1 03 1.93 0.67 0.16 0.60 060 078 005 1.00 99.59 183 <2 1 <2 nd nd 3 53 32 28 1260 <20 nd <10 nd 75 <10 nd 1.6 23 680 nd 265 nd 350 165 nd 5 7 0 4 5 0 5393260 

T a b l e 4 A . P e t r o c h e m i s t r y o f a l t ered a n d u n a l t e r e d r o c k s tn t h e H e m l o g o l d d e p o s i t a r e a 

FELSIC TO INTERMEDIATE QUARTZ-PLAGIOCLASE-PHYRIC METAVOLCANIC ROCKS 
83TLM-0619 3a 71.20 14.00 1.17 1.09 0.60 1.96 5.28 200 039 0.08 0.03 081 1.00 0.48 0.05 1.20 100.14 2.68 <2 28 •280 1.0 650 1 10 16 12 nd 50 6 55 5 10 109 nd 1.5 6 590 nd 60 <50 7.0 210 
83TLM-0627 3a 73 20 13.40 033 233 0.52 0.54 4.12 168 0.37 0.03 0.01 0.16 1.10 0.77 0.08 130 99.64 168 <2 36 •1830 3.0 800 1 9 26 6 nd 3400 16 105 6 11 <10 nd 6.9 4 275 nd 80 <50 4.0 52 
83TLM-0730 3a 6610 16.10 331 0.73 0.51 1.32 450 238 0.79 030 0.03 0.09 1.76 0.91 0.04 150 9887 172 <2 36 •220 130 300 2 17 53 6 nd <20 24 <10 7 15 22 nd 0.6 9 1180 nd 100 <50 10.0 36 
83TLM-073I 3a 71.70 13.20 3.80 0.73 030 0.20 1.65 3.30 0.93 0.15 010 011 1.19 131 0.10 3.10 98.97 163 2 36 •3270 4.0 2000 2 6 71 7 nd 100 28 <10 11 7 14 nd 0.5 9 470 nd 100 <50 10 35 
S3TLM-0733 3a 5960 13.20 6.90 436 1.40 1.94 334 107 0.67 0.20 033 0.13 176 1.97 0.12 3.20 9899 193 <2 12 •320 SO 160 2 23 69 53 nd <20 13 <10 14 34 <10 nd 03 11 700 nd no <50 17.0 125 
83TLM-0734 3a 6920 13.70 3.77 0.51 0.34 1.26 4.93 139 069 0.14 0.04 0.12 067 1.19 0.46 140 98.41 158 <2 24 •80 6 0 1540 2 7 55 11 nd <20 6 <10 8 10 21 nd 0 3 6 690 nd 80 <50 60 30 
S3TLM-0736 3a 6610 1170 7.07 1.02 0.64 1.00 1.54 3.08 0.63 0.28 0.07 0.07 439 1.06 0.10 4.60 99.75 183 <2 37 •70 9.0 440 2 32 59 49 nd <20 19 <10 8 33 <10 nd 0.2 10 175 nd 90 <50 110 46 
86TLM-410S 3a 64.50 17.80 0.83 103 0.83 412 177 3.00 0.42 0 08 0.05 1.47 0.02 1.76 008 3.10 9876 171 <2 <1 <2 nd 477 <1 8 20 13 120 <20 28 <10 nd IS <10 nd 0.4 6 238 nd 46 nd 60 102 
86TLM-4601 3a 65.40 14.30 1.08 231 1.86 270 5.51 089 0.54 0.09 0.06 334 0.01 1.14 0.05 360 99.2S 170 <2 3 <2 nd 246 <1 11 36 S 90 <20 19 <10 nd IS <10 nd 0.4 7 172 nd 56 nd 7.0 56 
88TLM-2008 3a 70 90 14.60 1.49 nd 0.52 037 525 3.92 0.27 0.09 0.01 0.21 0.41 nd nd 0.80 98 04 162 <2 IS •340 nd 820 1 <5 15 11 230 38 8 <10 nd 7 31 nd 0.4 3 320 nd 53 nd <50 52 
88TLM-2102 3a 71.60 13.80 236 nd 0.79 0.22 464 406 0.17 0.09 0.02 0.16 0.71 nd nd 130 98 62 152 <2 24 •375 nd 1450 <1 6 17 IS 220 126 14 22 nd 7 28 nd 08 4 398 nd 30 nd <5.0 46 
86TLM-4003 3 * 63.90 13.90 1.19 1.27 167 3.93 2.70 426 027 0.05 005 3.17 039 086 0.10 3.70 98.71 166 <2 11 •53 nd 840 <1 9 19 22 260 50 20 <I0 nd 12 <10 nd 1.8 5 71 nd 72 nd 5.0 137 
86TLM-4103 3ag 69.90 1530 0.56 1.19 1.82 0.57 730 0.86 039 0.07 0.05 034 0.15 0.46 0.19 1.30 9905 157 <2 1 7 nd nd <1 9 31 15 260 <20 nd <10 nd IS <10 nd 0.2 6 227 nd 53 nd 5.0 63 
86TLM-4104 3«* 68.10 15.40 0.47 1.91 1.15 130 360 2.52 0.40 006 0.05 1.14 0.04 137 0.07 140 98 58 168 <2 1 <2 nd 505 <1 6 21 14 80 <20 29 <10 nd 10 14 nd 15 5 125 nd 40 nd 5.0 52 
83TLM-0629 3d 71.80 1550 0.77 138 1.58 1.61 4.14 130 0.27 0 02 0.04 042 008 135 0 08 1.60 10034 165 <2 9 30 4.0 740 1 4 6 9 nd 520 26 <10 6 <5 14 nd 48 2 690 nd 25 <50 4.0 52 
84TLM-0110 3d 7150 15.70 0.78 0.07 0.26 0.23 179 6.51 038 008 0.01 0.04 0.74 041 0.04 1.00 100.44 nd <2 25 140 nd 2400 2 S 14 6 440 60 13 <10 6 8 13 SS 0.6 3 125 <10 80 nd 11.0 48 
84TLM-0805 3d 68.50 16.10 1.06 0.80 108 1.54 3.06 4.78 0.26 0.05 0.03 0.27 0.46 1.01 0.06 130 100.06 nd <2 14 20 nd 1160 2 5 12 <5 680 <20 IS <I0 6 7 21 80 0.6 5 315 <10 30 nd 8.0 64 
84TLM-0902 3d 7110 1430 051 0.15 0.06 0.09 093 9.99 0.22 0.04 0.01 0 08 0 84 0.15 0.04 0.70 99.91 nd <2 51 •260 nd 1190 2 <5 <5 <5 70 60 <3 15 7 <5 17 100 0.8 2 110 <10 12 nd 6.0 27 
84TLM-O903 3d 69.00 16.70 061 0.95 0.71 2.92 3.55 174 0.27 0.07 0.03 1.02 0.01 1.17 0.03 110 99.78 nd <2 26 3 nd 1360 2 6 10 <5 460 <20 36 <10 8 S 11 55 1.1 6 385 <10 35 nd 13.0 52 
84TLM-0904 3d 68.50 16.50 1.12 1.16 098 100 4.83 2.24 0.41 011 0.05 061 002 130 0.07 1.70 9990 nd <2 3 5 nd 1160 2 7 10 <5 700 <20 26 <10 6 5 10 50 0.4 2 420 <10 30 nd 9.0 93 
84TLM-1005 3d 6860 15.90 1.16 0.95 112 109 3.16 314 0.24 006 0.05 0.21 0.57 133 011 100 99.89 nd <2 15 •170 nd 1240 4 7 6 5 880 70 44 <10 6 <5 12 65 0.7 3 220 <10 23 nd 9.0 60 
84TLM-1006 3d 70.00 14.80 134 0.22 034 0.23 1.95 8.77 030 0.08 0.01 0.04 0.75 0.51 005 0.90 9939 nd <2 160 •60 nd 1200 2 7 10 8 240 30 4 <10 5 <5 18 95 0 3 2 115 <10 50 nd 6.0 34 
84TLM-1901 3d 7560 1160 1.29 0.29 0.15 0.23 3.52 5.06 0.26 0.06 0.01 0.09 0.92 0.24 nd 0.70 100 32 nd <2 37 •2840 nd 880 1 5 15 79 810 280 <3 40 4 8 34 30 0 3 <1 130 <10 30 nd 3.0 48 
84TLM-1904 3d 69.70 16.20 1.28 0.57 0.92 0.74 2.37 5.58 036 0.10 0.03 0.14 0.61 132 008 1.50 100.00 nd <2 42 •210 nd 670 3 7 10 8 850 30 40 <10 8 5 16 95 8.1 4 145 <10 90 nd 9.0 44 
S4TLM-I905 3d 7100 14.00 123 0.15 0.06 0.18 5.38 3.87 0.28 0.03 0.01 0.07 1.78 0.45 006 1.20 100.55 nd <2 52 •405 nd 1160 nd 7 7 5 <50 80 <3 102 nd 7 IS 34 13 30 445 <10 105 nd 3.0 18 
84TLM-I906 3d 70.10 13.90 1.20 051 0.72 184 4.46 4.54 0.21 0.06 004 1.16 0.81 0.79 001 100 10035 nd <2 11 •990 nd 1480 1 <5 5 6 210 too 6 <10 4 5 13 49 0.9 3 395 <10 21 nd 9.0 63 
84TLM-2304 3d 66.50 15.10 1.28 0.51 1.10 2.48 5.55 3.49 028 0.06 004 1.54 0.90 0.46 0.10 130 9939 nd <2 8 •50 nd 1740 2 7 11 6 420 160 10 <10 5 5 13 42 0.7 5 405 <10 35 nd 110 64 
85TLM-2902 3d 6920 1630 0.74 096 0.69 1.27 498 3.18 0.49 0.03 003 0.21 0.01 0.71 006 090 9886 163 <2 4 7 nd 1035 1 <5 <10 5 450 10 22 <10 nd <5 50 nd 0.S 3 400 nd 24 nd 5.0 45 
85TLM-S101 3d 7100 1530 0.48 0.67 0.84 121 148 3.12 0.52 0.05 003 0.49 0.04 0.97 005 1.60 9925 169 <2 IS 16 nd 828 1 <5 <10 7 720 940 45 <10 nd <5 17 nd 6.0 3 415 nd 21 nd 5.0 36 
85TLM-5603 3d 70.60 1530 0.13 022 0.02 1.04 3.67 686 026 0.01 002 0.54 018 0.15 005 060 9905 161 <2 26 4 nd 790 <1 <5 <10 <5 220 290 11 <10 nd <5 <10 nd 18 2 220 nd 18 nd 3.0 13 
85TLM-5606 3d 70 JO 16.40 034 022 0.15 0.65 1.71 7.96 0.19 004 0.02 0.16 0.47 0.60 0.05 1.10 99.66 165 <2 13 15 nd 1510 1 <5 <10 <5 690 440 23 <10 nd <5 16 nd 1.6 3 285 nd 25 nd 4.0 20 
85TLM-5702 3d 7110 17.40 0.75 030 034 042 1.22 4.51 039 0.02 002 0.15 0.01 181 0.09 1.90 99 53 169 <2 16 10 nd 829 2 <5 <10 <5 820 7150 26 3 nd <5 <10 nd 0.6 3 85 nd 23 nd 4.0 36 
86TLM-1002 3d 73.10 1320 1.18 032 0.09 0.20 392 5.83 0.22 0.07 0.01 0.08 136 0.05 0.05 1.00 9968 164 <2 5 •112 nd 790 <1 <5 12 7 <50 100 <3 148 nd 6 34 nd 0.4 <1 373 nd IS nd 4.0 65 
86TLM-3801 3d 81.00 8.46 0.41 0.72 0.15 0.04 1 13 530 000 0.07 0.01 0.25 0.57 035 0.06 1.00 98 52 169 3 345 •2298 nd 900 <1 <5 <10 7 <50 370 4 71 nd <5 60 nd 8 5 2 346 nd 121 nd 3.0 10 
86TLM-3802 3d 70 JO 15.10 0.91 0.72 1.42 0.78 4.55 3.80 0.22 0.08 0.04 033 0.49 0.50 0.07 1.00 9951 159 <2 8 •178 nd 1505 <1 5 11 20 260 <20 IS 11 nd 6 47 nd 18.1 2 447 nd 98 nd 4.0 SI 
86TLM-3804 3d 70.70 15.20 080 0.56 0.17 0.66 6.70 151 026 0.13 0.02 0.40 0.97 0.12 0.05 0.90 9925 164 <2 13 •90 nd 552 1 5 11 8 100 <20 4 <10 nd <5 10 nd 4.1 2 263 nd 25 nd 6.0 It 
86TLM-3811 3d 6860 15.50 0.87 080 1.02 0.70 5.51 407 0.16 0.08 0.03 0.46 0.83 0.77 0.05 1.20 99.45 163 <2 6 •205 nd 3375 <1 <5 <10 20 230 30 11 <10 nd <5 <10 nd 10.8 2 440 nd 71 nd 5.0 43 
86TLM-3906 3d 70.30 1540 1.44 0.24 0.04 0.17 590 4.40 0.21 0.09 0.01 0.10 1.31 0.12 0.05 0.60 99.78 163 <2 16 •1623 nd 456 <1 <5 <10 7 <50 120 <3 21 nd <S <10 nd 0.4 1 168 nd 6 nd 5.0 44 
86TLM-3914 3d 6830 14.70 170 0.24 023 0.58 536 435 0.20 0.07 0.02 0.51 141 023 0.05 1.90 99.95 165 <2 23 •787 nd 1680 <1 5 <10 10 <50 50 <3 23 nd <5 <I0 nd 0.2 1 346 nd 10 nd 5.0 IS 

ltd 
nd 
nd 
nd 
nd 
nd 
nd 
90 

120 

115 
75 

125 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

581120 
580680 
577590 
577590 
577270 
577270 
577230 
577658 
626427 
578901 
578901 
578716 
577654 
577654 
580590 
579192 
578576 
578760 
578760 
578761 
579188 
579188 
579188 
578659 
578659 
578659 
578495 
579702 
580161 
580241 
580241 
579381 
578453 
578740 
578740 
578740 
578842 
578658 
578658 

5393490 
5393500 
5393490 
5393490 
5393460 
5393460 
5393450 
5393901 
5390371 
5394053 
5394053 
5394225 
5394240 
5394179 
5393500 
5393861 
5394098 
5394100 
5394039 
5394009 
5394106 
5394106 
5394106 
5393947 
5393975 
5394008 
5394096 
5393800 
5393640 
5393601 
5393601 
5394050 
5394036 
5394009 
5394009 
5394009 
5394041 
5394039 
5394039 

1 



Sample No 
86TLM-4005 

Code 
id 

S«02 
^1.30 

A1203 
1500 

Fe203 
0.33 

FeO 
0 24 

MgO 
004 

c*o 
0.09 

Na20 
384 

K.20 
~23 

86TLM-4006 3d 64 90 14.10 129 0.80 1.12 3.59 5.50 3.39 
86TLM-4007 3d 68 50 15.40 0.84 1.35 118 2.02 2.87 364 

86TLM-5503 3d 7090 15.90 0.79 080 034 0 90 6.44 1.11 
88TLM-2001 3d 6880 15.50 116 nd 1.45 1.21 4.03 3.54 

88TLM-2002 3d 70 70 15.00 135 nd 0.44 016 4.84 544 

88TLM-2003 3d 67 90 15.60 1.98 nd 053 0.72 5.33 482 

88TLM-2005 3d 6880 15.30 138 nd 1.44 138 3.50 4.17 
OTLM-2007 3d 6590 14.20 1.90 nd 6.10 1.78 0.00 5.62 

8STLM-20O9 3d 7480 1190 0.91 nd 0.11 024 3.09 6.13 

8STLM-2010 3d 78 80 11.40 0.79 nd 0.00 on 4.99 116 

88TLM-2013 3d 73.10 13.70 1.19 nd 0.13 0.12 3.77 584 

88TLM-2014 3d 75 00 9.20 1.73 nd 1.78 148 3.47 1.91 

88TLM-2101 3d 75.40 1110 1.47 nd 0.00 007 396 4.49 

88TLM-2103 3d 70.00 15.80 0.94 nd 0.06 0 12 411 6.81 
84TLM-O107 3dg 66.80' 17.00 0.81 1.67 1.12 169 481 162 
86TLM-1001 3dg 68.90 1530 1.21 0.72 1.90 1.86 397 134 

86TLM-1003 3dg 67.90 15.00 1.10 0.95 1.72 149 431 127 

86TLM 3805 Jdg 6150 1330 135 1.59 165 4.73 5.08 1.43 

86TLM-4I02 3dg 70.30 15.50 0.94 0.87 1.27 1.28 531 » 111 

83TLM-0637 3f 68.60 19 60 0.40 0.15 037 0.16 149 5.12 
85TLM-5604 3f 71.10 16.80 1.43 0.22 032 0.54 0.73 420 

Ti02 P205 MnO C02 s 
a is 

H 2 0 
0 19 

H20-
0.05 

LOI 
0.50 

TOTAL 
98.98 

SO 
2.56 

A8 
<2 

A* 
18 

Au 
•150 

B 

nd 
Ba 

2280 
Be 
<1 

Co 
<5 

Ci 
<10 

Cu 
<5 

F 
<50 

Hg 
60 

Li 

<-i 
Mo 

11 
Nb 
nd 

Ni 
<5 

Pb 
31 

Rb 
nd 

Sb 
0.8 

Sc 
1 

Sf 
433 

Th 
nd 

V 
15 

W 
nd 

Y 
40 

Zn 
<10 

Zf 
nd 

Easting 
578598 

Northing 
5393946 

0.59 0.34 0.09 2.90 9912 164 <2 14 17 nd 1475 <l 5 <10 8 310 <20 14 <10 nd <5 11 nd 0.3 4 576 nd 39 nd 7.0 42 nd 578598 5393946 

0.44 089 0.05 130 9883 2.68 <2 11 17 nd 825 1 8 10 <5 550 <20 20 <10 nd <5 <10 nd 04 3 286 nd 33 nd 6.0 50 nd 578598 5393946 

0.09 046 0.05 130 98.71 159 <2 1 15 nd 816 <1 <5 <10 .14 300 <20 12 <10 nd <5 <10 nd 0.1 3 891 nd 34 nd 7.0 35 nd 577245 5394205 

068 nd nd 1.50 9782 167 <2 9 485 nd 670 2 <5 11 8 430 21 24 <10 nd <5 14 nd 0.3 2 298 nd 38 nd 5.0 50 nd 578901 5394053 

0.93 nd nd 1.10 99.20 162 <2 12 •110 nd 530 2 <5 <10 6 220 25 6 <I0 nd <5 15 nd 0.6 2 191 nd 30 nd <5.0 15 nd 578901 5394053 

0.70 nd nd 0.80 98.72 164 <2 14 •85 nd 1650 I <5 <10 15 430 13 11 <10 nd 7 16 nd 0.5 2 496 nd 42 nd 5.0 62 nd 578901 5394053 

0.95 nd nd 1.50 9839 165 <2 13 •345 nd 1150 2 <5 <10 8 750 55 22 <10 nd <5 16 nd 0.7 2 353 nd 34 nd <5.0 53 nd 578901 5394053 

045 nd nd 230 96.64 172 <2 14 •60 nd 662 1 <5 <10 10 2240 15 47 <10 nd <5 11 nd 1.6 3 147 nd 26 nd <5.0 58 nd 578901 5394053 

0.31 nd nd 0.50 98.88 161 <2 23 •1090 nd 1090 <1 <5 <10 12 80 110 <3 <I0 nd <5 26 nd 0.9 <2 263 nd 15 nd <5.0 15 nd 578901 5394053 

0.16 nd nd 0.70 98.71 162 <2 24 •800 nd 300 <1 <5 <10 8 50 66 <3 <I0 nd <5 16 nd 0.6 <2 214 nd 3 nd <5.0 6 nd 578901 5394053 

042 nd nd 0.70 98 64 155 <2 19 •245 nd 1050 <1 <5 11 10 70 122 <3 24 nd <5 17 nd 06 <2 209 nd 16 nd <5.0 17 nd 578901 5394053 

046 nd nd 140 98.14 163 <2 24 •170 nd 410 1 <5 11 10 380 52 21 <10 nd <5 <10 nd 0.2 4 183 nd 23 nd 5.0 53 nd 578901 5394053 

068 nd nd 0.90 98.52 159 4 37 •3115 nd 510 <1 <5 11 46 50 300 <3 89 nd 25 28 nd 3.9 <2 209 nd 7 nd <5.0 11 nd 578901 5394053 

0.53 nd nd 0.50 98.69 160 <2 20 •80 nd 1455 <1 <5 <10 8 70 28 <3 <10 nd <5 17 nd 03 <2 350 nd 14 nd <5.0 14 nd 578901 5394053 

0.03 089 0.01 1.50 99.62 nd <2 4 <2 nd 1160 2 7 8 6 700 <20 40 <10 7 7 12 55 06 4 630 <10 40 nd 10.0 78 165 579192 5393861 

0.39 0.69 0.08 1.80 9831 164 <2 11 60 nd 935 <2 <5 <10 5 670 30 72 <10 nd <5 32 nd 0.5 2 273 nd 27 nd 6.0 55 nd 578453 5394036 

1.05 0.76 0.08 150 99.45 169 <2 14 •125 nd 729 1 <5 <10 6 500 <20 19 <10 nd <5 29 nd 0.4 3 268 nd 44 nd 6.0 48 nd 578455 5393944 

0.65 1 16 0.05 4.40 98.56 166 <2 6 •68 nd 955 <1 8 12 9 600 <20 22 <10 nd <5 <10 nd 13 4 655 nd 101 nd 8.0 105 nd 578740 5394009 

034 080 0.06 0.90 99 31 164 <2 1 32 nd 1215 1 6 20 5 470 <20 14 <10 nd 9 13 nd 0.1 2 400 nd 32 nd 5.0 59 nd 577654 5394240 

0.03 1.23 005 180 98.36 169 <2 2 4 6.0 1110 2 6 7 <5 nd <20 18 <10 7 5 <10 nd 0.1 2 150 nd 35 <50 40 27 110 580160 5393500 

130 1.71 0.05 ISO 98 81 176 <2 8 12 nd 706 <l <5 <10 7 720 770 34 <10 nd <5 10 nd 3.6 3 335 nd 23 nd 4.0 15 nd 580241 5393560 

0.16 0.05 
018 0.09 
024 0.09 
0 29 0.07 
022 0.08 
0.19 0.06 
022 0.10 
019 0.10 
022 0.09 
021 0.08 
015 0.08 
0.16 0.09 
0.13 0.07 
0 20 0.07 
030 0.08 
038 0.11 
0.25 008 
0.27 0.08 
0.21 0.06 
0.19 007 
0.28 0.00 
0.31 000 

001 
006 
0.04 
0.03 
0.02 
0.01 
0.02 
0.04 
008 
0.00 
0.00 
0.00 
0.04 
0.00 
0.00 
0.04 
0.04 
0.05 
0.12 
0.04 
0.00 
0.02 

0.27 
308 
0.28 
0.34 
013 
0 08 
0.40 
0.14 
030 
0.10 
0.07 
0.12 
1.87 
008 
0.04 
0.64 
038 
1.42 
3.7S 
0.23 
0.08 
008 
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Simple No S»02 A1203 Fe203 FeO MgO c»o N»20 K-20 Ti02 P205 MnO C02 S H 2 0 H20- LOl TOTAL SG A« A j Au B B* Be Co Ci Cu F Hg U Mo Kb Ni Pb Rb Sb Sc Sr Th V W Y Zn Zi E a s t i n g N o r t h i n g 

FELDSPATHIC METASEDIMENTARY ROCKS (LARGELY ARXNITES) 
85TLM-4401 -U 69.70 1480 098 200 1.29 1 30 4 25 308 058 0.15 0.03 0.32 0.01 0.70 008 0.90 99.27 167 <2 < l <2 nd 1030 1 15 115 14 440 <20 16 <10 nd 44 37 nd 0.9 12 430 nd 95 nd 9.0 59 n d 579701 5394359 
85TLM-4404 4a 67.80 1460 0.77 137 1.78 316 3.30 126 0.72 0.17 005 0.94 0.05 0.93 0.06 1.40 98.96 164 <2 <1 2 nd 389 <l 14 71 30 780 <20 18 <10 nd 47 39 nd 0.8 10 340 nd 60 nd 9.0 68 nd 579831 5394550 
85TLM-47H 4t 69.00 14.30 0.94 1.93 1.50 128 509 1.05 0.75 0.02 0.05 0.90 0.24 1 28 0.05 1.60 9938 163 <2 1 60 nd 341 <l 13 52 27 450 <20 10 <10 nd 32 19 nd 0.2 10 590 nd 75 nd 7.0 81 nd 579461 5394180 
86TLM-4105 4* 74.60 14.10 0.84 064 0.90 1 38 2.46 137 031 0.03 0.03 0.10 0.02 1.14 0.10 130 98.92 2.69 <3 <1 <2 nd 1355 <l 6 16 15 70 <20 18 <10 nd 10 <10 nd 0.1 4 142 nd 44 nd 6.0 26 nd 577656 5394056 
7BTLM-1557 4b 6410 1680 3.39 nd 151 343 5.07 124 0.45 0O5 0.10 nd 0.13 nd nd 1.80 97.47 167 nd nd nd nd 770 nd IS 55 60 nd nd 15 nd nd 25 15 nd nd nd nd nd nd nd nd 95 nd 579304 5393214 
78TLM-1559 4b 69 60 16.20 114 nd 1.16 206 3 36 3.62 030 0.11 0.04 nd 0.06 nd nd 0.90 98.65 166 nd nd nd nd 940 nd 9 15 20 nd nd 15 nd nd 10 15 nd nd nd nd nd nd nd nd 90 nd 577839 5392667 
8STLM-4701 4b 70 40 15.60 136 100 1.29 1.20 127 135 0.42 0.00 0.03 0.18 001 1.81 0.07 1.70 99.99 171 <2 <1 5 nd 409 <1 6 62 24 330 <20 17 <10 nd 19 <10 nd 0.1 11 350 nd 75 nd 3.0 40 nd 579521 5394399 

8STLM-4710 4b 68 50 14.80 0.54 1.33 1.52 3.46 5.15 0.88 0 54 0.03 0.06 1.59 0.17 1.14 005 120 99.76 165 <2 1 10 nd 491 <1 7 45 16 500 <20 13 <10 nd 13 10 nd < 0 . 1 7 700 nd 40 nd 4.0 67 nd 579461 5394180 

88TLM-2203 4b 64 70 16.30 454 nd 2.75 1.94 4.16 109 0.42 0.19 0.05 0.11 004 nd nd 100 97.29 168 <2 <1 <2 nd 925 1 14 86 21 460 <5 31 <10 nd 44 <10 nd 0.2 8 750 nd 77 nd 7.0 53 nd 581006 5393032 
89TLM-1301 4b 7390 1150 0.22 133 061 1.76 161 120 0.24 005 0.05 032 041 083 007 1 0 0 98.10 nd <2 2 <2 nd 472 <1 9 122 26 270 21 42 <10 nd 17 <10 nd 1.9 5 293 nd 41 nd <5.0 nd nd 582031 5391653 
83TLM-0519 4c 75.20 13.30 1.00 0.73 0.42 1.34 4.52 1.76 0.36 0.02 0.01 0.50 1.03 037 0.05 1.20 100.61 2.66 <2 48 IS SO 750 1 10 24 20 nd 50 23 <10 4 IS 21 nd 0 3 3 400 nd 25 <50 7.0 98 85 581560 5393570 
J3TLM-06U 4c 73.40 1140 187 0.73 0.73 156 260 1.69 039 0.03 0.04 0.10 165 0.27 0.04 160 100.50 173 <2 72 9 10 390 1 10 29 20 nd 20 9 <10 5 IS 26 nd 0.9 5 475 nd 35 <50 9.0 66 80 581260 5393500 
83TLM-07U 4d 67.90 16.70 0.36 155 1.80 140 5.65 063 0.42 0.04 0.04 0.05 007 1.11 002 080 99.74 2.68 <2 < 1 <2 0.5 240 1 12 35 22 nd <20 20 <10 7 24 <10 nd < 0 I 7 330 nd 50 <50 5.0 55 80 577870 5393470 

83TLM-0716 4d 71.70 15.80 0.27 1.09 059 1.98 113 514 035 0.03 003 0.09 0.01 063 0.04 1 . 0 0 99 88 2.64 <3 I <2 33 580 1 8 20 5 nd <20 IS <10 6 10 <I0 nd < 0 1 5 255 nd 35 <50 4.0 50 55 577820 5393460 
84TLM-U01 4d 6300 16.60 1.08 176 1.78 4.82 3.58 1.67 049 0.12 0.07 0.76 0.03 1.40 nd 1.70 100.16 nd <2 2 4 nd 380 1 13 66 19 330 <20 12 <10 7 27 <I0 32 < 0 . 1 13 775 <10 70 nd 9.0 78 140 579186 5394293 
84TLM-2008 4d 7200 15.20 0.82 1.53 0.61 1.76 458 125 0JO 0.04 006 0.10 0.01 0.70 0.05 0.70 10001 nd <2 2 5 nd 300 1 7 16 IS 180 <20 14 <10 5 12 10 40 16 6 225 <10 30 nd 7.0 64 no 578419 5393664 

85TLM-4202 4)1 6800 1610 0.70 1.78 1.60 304 268 190 0.57 0.01 004 0.47 0.02 0.17 005 130 98.83 170 <2 <t 5 nd 338 <1 8 38 10 370 <20 21 <10 nd IS 53 nd <0 1 7 420 nd 55 nd 3.0 58 nd 578501 5394100 

85TLM-4713 4d 50 40 13.30 0.66 159 530 13.20 5.08 0.56 0.29 0.00 028 686 001 1.06 0.07 7.40 9966 174 <2 1 S nd 245 <1 8 28 8 640 <20 10 <10 nd 11 <10 nd <0.1 7 1065 nd 55 nd 5.0 67 nd 579461 5394180 
85TLM-4714 4d 66.20 17.20 0.67 115 1.89 2.77 5.20 1.37 0.62 0.08 0.04 0.43 0.06 104 0.06 130 99.78 168 <2 1 3 nd 245 < 1 10 49 18 370 <20 24 <10 nd 23 <I0 nd 03 S 400 nd 70 nd 4.0 53 nd 579421 5394120 
86TLM-4109 4d 63.90 17.00 044 3.34 1.61 394 2.89 1.95 0.53 0.08 0.05 1.67 0.16 1.83 0.05 190 99.44 168 <2 1 <2 nd 409 <1 10 48 40 130 <20 71 <10 nd 17 11 nd 170.0 8 312 nd 77 nd 6.0 66 nd 577660 5393747 

86TLM-530I 4d 62.40 17.20 1.19 0.95 115 2.00 6.70 175 0.34 0.05 0.04 1.47 048 0.78 0.10 1.80 98.60 164 <2 15 •1007 nd 865 < 1 8 20 8 80 <20 19 <10 nd S <10 nd 0.5 7 74 nd 92 nd 6.0 38 nd 578737 5394194 
86TLM-5302 4d 67.70 15.50 0.03 0.48 0.71 0.30 5.25 512 0.00 0.03 0.01 0.21 035 034 0.05 1.00 96.08 2.60 <2 11 •312 nd 14000 <l <5 13 7 70 <20 5 62 nd 10 <10 nd 0.7 3 373 nd 43 nd 4.0 18 nd 578737 5394194 
S6TLM-SS04 4d 65.80 16.80 0.54 162 1.65 3.22 389 1.63 0.41 0.06 0.06 1.03 002 1 . 6 2 0.05 140 99.40 163 <2 1 <2 nd 258 < 1 7 21 14 190 <20 32 <10 nd 12 <10 nd 03 6 235 nd 46 nd 6.0 50 nd 577247 5394080 
86TLM-2806 4e 62.90 14.20 1.80 1.03 122 385 6.74 0.93 033 0.07 0.05 348 081 039 0.06 3.80 98.86 164 <2 16 •1973 nd 307 <l 9 28 13 80 <20 11 <10 nd 14 16 nd 0.2 6 112 nd 54 nd 5.0 21 nd 577654 5394240 
86TLM-2808 4e 67 50 13.70 086 0.80 1.72 309 6.63 075 034 0.07 004 147 0.59 0.47 0.06 2.60 99.09 166 <2 12 •433 nd 127 < 1 9 17 12 70 <20 8 <10 nd 12 IS nd 0.1 5 113 nd 26 nd 5.0 15 nd 577654 5394210 

7BTLM-1555 4f 65 50 17.50 208 nd 0.72 346 3.89 3.83 0.32 006 0.04 nd 0.01 nd nd 3.40 97.41 166 nd nd nd nd 860 nd 9 15 6 nd nd 20 nd nd S 10 nd nd nd nd nd nd nd nd 45 nd 575620 5393472 
7STLM-1556 <r 6470 19.10 341 nd 1.01 2.19 5.17 101 0.54 0.16 0.06 nd nd nd nd 130 98.41 2.70 nd nd nd nd 590 nd 10 35 25 nd nd 20 nd nd 20 15 nd nd nd nd nd nd nd nd 60 nd 577376 5393587 
J3TLM-0636 4f 62.20 1800 1.27 1.89 1.23 2.05 5.99 310 0.53 0.10 008 053 042 0.69 006 1.20 98.14 165 <2 5 12 1.0 5000 3 17 96 28 nd <20 17 <10 7 53 10 nd 0 3 11 550 nd 85 <50 7.0 56 85 580300 5393500 
83TLM-0645 4f 7170 13.30 0.52 169 2.02 156 2.87 1.12 033 0.04 0.08 036 0.02 1.42 004 1.50 100.07 269 <2 2 <2 10.0 810 < 1 12 31 8 nd <20 34 <I0 5 24 10 nd 0.6 7 530 nd 60 <50 5.0 86 60 579900 5393480 
83TLM-0651 4f 70.40 16.30 1.37 0.76 0.44 180 4.77 1.67 0.44 0.04 0.04 0.10 0.07 0.83 0.03 0.90 100 06 265 <2 1 <2 10 2000 1 9 27 13 nd 0 0 14 <10 6 IS <10 nd 0.2 6 360 nd 40 <50 5.0 52 35 579760 5393490 
83TLM-0720 4f 7110 15.00 0.95 1.53 0.43 126 4.71 1.21 041 0.03 0.07 0.21 025 0.69 0.04 1.50 99.96 170 <2 1 <2 1.0 170 <1 8 19 6 nd <20 16 <10 5 10 <10 nd 0.1 4 245 nd 30 <50 4.0 57 80 577750 5393470 
83TLM-0722 4f 71.20 14.60 0.98 118 1.01 1.79 3.90 1.77 0.78 0.16 0.02 030 0.62 0.83 003 1.10 100.17 2.72 <2 6 16 6.0 580 1 16 62 34 nd <20 22 <10 6 26 10 nd 0.2 6 425 nd 65 <50 7.0 69 125 577730 5393470 
83TLM-0723 4f 59.20 15.00 0.88 1.60 1.13 943 3.93 1.56 0.44 0.06 0.12 5.79 0.27 0.73 004 560 100.18 173 <2 2 <2 7.0 4600 1 11 54 18 nd <20 16 <10 5 19 <10 nd 0.2 7 780 nd 45 <50 7.0 65 55 577730 5393470 
84TLM-2005 4f 70.40 15.40 1.18 1.38 038 186 3.76 173 035 0.07 0.05 0.48 0.01 0.78 002 1.20 100.05 nd <2 <1 <2 55.0 880 1 8 22 15 170 <20 14 <10 6 15 <10 40 0.9 5 240 <10 40 nd 6.0 55 125 579115 5393767 
85TLM-5102 4f 63.90 1780 1.51 1.11 1.73 3 19 3.89 174 096 0.30 005 0.22 035 082 005 1.60 98.62 269 <2 53 40 nd 1855 1 15 IS 14 1050 2900 72 <10 nd 6 16 nd 213 13 570 nd no nd 11.0 82 nd 580161 5393650 
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Sample No Code Si02 A1203 Fe203 FeO MgO CaO Na20 K20 TO2 P205 MnO C02 S H20+ H20- LOI TOTAL SG A« As Au B Ba Be Co Cx Cu F H8 Li Mo Nb Ni Pb Rb Sb Sc Si Th V W Y Zn li E a s t m g Northing 

IMMATURE METASEDIMENTARY ROCKS (LARGELY WACKES) 
85TLM-4703 5a 62.60 18.70 3.01 3.92 1.14 1.75 179 2.05 1.00 0.07 0.10 067 0.15 1 43 009 1.60 99 47 179 <2 1 <2 nd 458 1 15 38 56 420 <20 20 <10 nd 13 <10 nd 0.3 19 495 nd 200 nd 11.0 15 nd 579701 5394300 

85TLM-4709 5a 64 80 1640 1.60 3.55 112 191 3.62 1.46 0.65 0.20 0.06 0.56 0.03 104 0.09 1.80 100.09 171 <2 1 10 nd 397 1 12 135 54 670 <20 30 <10 nd 40 22 nd 3.6 13 595 ltd 120 nd 10.0 40 nd 579501 5394220 

78TLM-1533 5b 66.10 16.80 181 nd 050 104 3.56 171 0.43 0.12 0.03 nd 1.83 nd nd 4.40 9693 164 nd nd nd nd 340 nd 30 45 260 nd nd 6 nd nd 100 IS nd nd nd nd nd nd nd nd 1120 nd 576280 5393018 

7TTLM-15J6 5c 63.70 17.10 576 nd 145 2.61 4.42 120 034 0.16 0.05 nd 0.25 nd nd 1.10 99.24 173 nd nd nd nd 640 nd IS 85 35 nd nd 35 nd nd 20 IS nd nd nd nd nd nd nd nd 85 nd 576585 5393238 

83TLM-0721 5c 64 60 15.80 139 545 191 144 197 151 0.67 0.12 0.04 0.09 0.34 0.85 0.05 1.00 9923 174 <2 1 20 14.0 800 1 17 76 34 nd <20 33 <10 6 27 10 nd 0.1 7 460 nd 65 <50 10.0 80 125 577730 5393470 

S3TLM-0727 5c 66.10 14.60 0.79 5.16 2.56 1.66 3.56 112 0.50 0.07 0.06 0.07 0.03 1.19 0.05 0.70 98 52 175 <2 1 <2 7.0 2000 2 20 122 10 nd <20 45 <10 S 56 12 nd <0.1 13 420 nd 90 <50 7.0 68 75 577690 5393470 

85TLM-4403 5c 6320 1530 0.77 3.70 3.15 3.53 4.47 197 0.83 015 0.06 093 0.14 0.90 005 1.60 99.37 172 <2 1 20 nd 880 1 I S 143 38 650 <20 27 <10 nd 57 36 nd <0.1 11 670 nd 90 nd 8.0 75 ltd 579781 5394499 

8STLM-4702 5c 64 90 17.00 0.67 189 1.67 2.72 5.14 134 1.01 0.09 0.05 035 0.01 0.81 005 0.80 99.10 171 <2 4 6 nd 674 1 20 49 5 380 <20 19 <10 nd 27 11 nd 0.1 IS 340 nd 140 nd 5.0 57 nd 579521 5394399 

S5TLM-5106 5c 66.10 15.70 1.74 3.33 2.10 140 035 339 0.74 0.06 0.11 031 0.56 162 013 3.20 9984 175 <2 350 33 nd 1475 1 19 77 58 680 72600 68 22 nd 43 56 nd 17.3 17 450 nd 120 nd 9.0 128 nd 580161 5393650 

83TLM-05UB 5e 46.70 9.76 199 8.15 1110 11.60 0.88 139 0.78 0.14 020 1.11 0.01 1.30 0.06 110 97.37 3.03 <2 <1 3 0.5 600 1 SI 725 79 nd <20 24 <10 12 127 <10 nd 0.2 30 480 nd 225 <50 110 102 4 582090 5393900 

83TLM-0634 H 63.70 16.80 159 156 112 1.87 438 3.82 0.65 0.11 0.07 032 0.23 0.89 0.05 130 100.06 172 <2 4 7 10 710 3 23 240 46 nd 60 37 <10 9 86 11 nd O S 14 240 nd no <50 10.0 HO 95 580320 5393500 

85TLM-4402 H 61.10 16.10 1.03 444 3.17 434 386 119 0.75 0.14 008 1.40 0.24 1.00 0.07 1.80 99.91 171 <2 1 9 nd 875 1 IS 153 36 730 <20 28 <10 nd 54 37 nd <0.1 11 675 nd 105 nd 9.0 103 nd 579701 5394359 

85TLM-4405 * 62.00 14.80 1.89 115 166 4.59 5.07 123 0.67 0.11 006 3.15 0.02 0.93 0.07 3.50 99.40 170 <2 <1 5 nd 524 <1 IS 96 15 690 <20 14 <10 nd 48 <10 nd 0.2 10 725 nd 75 nd 8.0 70 nd 579852 5394570 

86TLM-4U0 5h 5300 18.00 1.09 178 2.83 963 427 134 037 0.10 012 4.66 0.08 1.13 0.06 5.00 99.46 175 <2 1 <2 nd 503 <1 10 43 13 200 <20 35 <10 nd 36 <10 nd 0.1 8 677 nd 90 nd 8.0 63 nd 577654 5394240 

83TLM-0635 5k 49.40 890 17.90 8.58 2.86 353 138, 3.10 030 0.14 0.14 1.78 0.42 0.58 0.08 1.60 9909 303 <2 <l 6 0 3 1820 2 IS 86 36 nd 30 31 <10 10 63 <10 nd 0.3 13 375 nd 130 <50 13.0 98 50 580320 5393500 

83TLM-0724 5k 6430 1000 7.91 6.62 1.68 167 1.99 1.40 036 007 0.08 0.61 0.10 0.99 0.04 1.00 99.02 184 <2 1 8 60 1430 1 11 73 I S nd <20 I S <10 6 30 <10 nd 0.1 8 385 nd 50 <50 8.0 66 55 577690 5393470 

83TLM-0601 51 45.10 11.90 151 800 10.90 14.00 069 0.74 057 031 030 0.17 1.11 104 0.04 1.40 9888 190 <2 33 3 10 100 1 47 630 60 nd <20 11 <10 14 132 10 nd 03 23 445 nd 230 <50 210 ISO 65 581350 5393520 

85TLM-2701 51 53.70 13.90 1.58 8.66 6.45 8.61 0.47 1.47 0.81 042 0.23 0.86 0.09 1.73 0.07 110 99 05 191 <2 2 <2 nd 140 2 32 293 30 890 <20 17 <10 nd 45 <I0 nd O S 35 375 nd 245 nd 21.0 132 nd 579972 5394001 

8STLM-3002 51 5230 1300 1.91 8.81 635 1000 030 0.61 0.73 003 033 121 0.02 1J7 0.08 3.20 98.75 192 <2 1 2 nd 122 2 27 31 6 840 <20 16 <I0 nd 24 33 nd 0.2 30 310 nd 200 nd 30.0 140 nd 579972 5394001 

85TLM-3703 51 49J0 1130 160 11.10 6.61 1100 0.32 048 0.56 0.00 0.46 308 0.16 139 0.05 3.50 99 41 300 <2 2 5 nd 168 1 24 34 35 1070 <20 14 <10 nd 25 16 nd 02 30 280 nd 180 nd 25.0 290 nd 579541 5394399 

85TLM-4708 51 52.00 13.60 099 5.48 7.72 10.70 0.51 1.88 0.76 0.04 0.23 319 0.01 171 0.17 4.90 99.99 194 <2 1 2 nd 382 2 23 62 10 1150 <20 15 <10 nd 41 51 nd 0.2 21 410 nd 150 nd 17.0 121 nd 579501 5394220 

FELSIC PLUTONS 
PUKASKWA GNEISSIC COMPLEX 

86TLM-4403 6a 70 50 16.10 0.54 1.19 065 2.49 5.76 054 0.26 006 0.03 0.11 001 0.36 0.08 030 99.08 165 <2 1 <2 nd 292 <1 5 10 <5 210 <20 22 <10 nd <5 <I0 nd <0 1 3 763 nd 26 nd 4.0 49 nd 576002 5390822 

86TLM-440I 6b 69 40 15.90 0.43 1.43 0.76 174 5.55 1.74 0.29 0.07 0.03 0.16 0.01 0.25 0.05 0.50 98.81 167 <2 1 <2 nd 639 <1 <S 11 10 240 <20 IS <10 nd <3 12 nd 3.8 3 1074 nd 33 nd 4.0 71 nd 575382 5391369 

86TLM-4408 6b 71.20 14.80 0.66 1.03 0.70 1 96 499 239 0.24 0.06 003 0.10 0.01 0.43 0.07 0.40 9867 165 <2 <1 <2 n d 716 <1 5 <10 10 140 <20 10 <10 nd <5 <I0 nd <0 1 3 538 nd 27 nd 5.0 39 nd 575027 5391920 

86TLM-4405 6c 6760 15.80 1.26 1.43 1.07 193 530 2.01 0.42 0.11 0.04 0.11 0.01 037 008 040 98 54 168 <2 4 <2 n d 860 <1 6 12 7 390 <20 29 <10 nd <3 <10 nd <0.1 5 902 nd 53 nd 5.0 76 nd 576002 5390822 

86TLM-4402 6d 70.20 15.70 0.55 135 0.81 2.39 5.53 139 0.34 0.08 0.03 0.10 0.01 0.28 0.05 020 98.81 166 <2 3 <2 n d 602 <1 5 <10 <5 200 <20 24 <10 nd <5 <10 nd 0.1 3 750 nd 31 nd 5.0 57 nd 576002 5390822 
86TLM-4407 6d 67.80 16.20 

BOTHAM STOCK 

0.64 1.59 0.97 2.50 6.67 118 035 0.10 0.04 0.17 0.01 0.65 009 0.40 9996 167 <2 <1 <2 n d 905 <1 5 14 5 180 <20 8 <10 nd <5 <I0 nd <0.1 4 1008 nd 44 nd 5.0 67 nd 574948 5391733 

83TLM-0740 7a 5660 1950 1.01 2.40 197 268 688 1.86 047 032 007 013 0.01 1.71 0.03 160 96 64 171 <2 2 <2 0.5 1460 1 17 83 8 n d <20 12 <10 9 60 10 nd 0.1 7 1250 nd 55 <50 110 83 145 576940 5393480 

86TLM-5512 7b 70.40 15 60 
CEDAR LAKE PLUTON 

0.69 0.87 0.62 1.59 5.70 154 0 28 0.08 0.03 0.10 0.01 0.48 005 0.70 9904 2.64 <2 1 <2 n d 97$ <1 <5 <10 <5 400 <20 8 <10 nd <5 12 nd 0.1 3 931 nd 31 nd 4.0 64 nd 577254 5393555 

84TLM-2301 8a 64.00 16.50 1.43 104 1.82 366 531 2.48 053 0.18 0.06 0.07 0.01 0.52 008 0.70 98.69 nd <2 < l <2 n d 1200 2 12 37 8 760 <20 12 <10 8 17 15 49 01 7 1125 <10 60 nd 10.0 96 175 585129 5397404 

83TLM-0501 8b 6950 16.50 0.75 1.09 0.52 126 4.82 3.08 0.43 0 08 002 0.06 0.01 0.22 0.03 040 99.40 2.66 <2 <l <2 nd nd 1 5 <10 6 nd nd nd <10 nd 5 64 nd <0.l 2 959 nd 31 <1 3 71 nd 583020 5394490 

87TLM-6203 Sb 68.40 15 90 
CEDAR CREEK STOCK 

1.33 0.95 0.44 143 534 193 0.40 0.16 0.04 0.07 0.01 0.28 nd 0.60 98.68 ltd <2 <1 <2 nd 950 <1 <5 12 11 580 <20 33 <10 nd 7 20 nd <0l 2 954 nd 33 nd 6.0 83 nd 583001 5394474 

78TLM-152S 9a 6800 17.50 1.97 nd 0.57 124 581 2.65 0.34 0.09 0.03 nd 0.01 n d nd 0.40 99 21 166 nd nd n d nd 930 nd 7 10 5 n d nd 30 nd nd <5 IS nd nd nd nd nd nd nd nd 75 nd 581588 5395037 

87TLM-6202 9a 69.20 1570 
HERON BAY PLUTON 

1.03 0.95 0.59 2.47 530 238 036 0.13 0.04 0.16 0.01 034 nd 0.60 9866 nd <2 <1 <2 nd 720 <1 <5 <10 9 450 <20 25 <I0 nd <5 <10 nd 0.1 1 954 nd 29 nd 5.0 74 nd 582191 5396404 

83TLM-0743 68.30 1600 067 1.46 0.93 2.82 5.09 147 039 008 0.03 0.14 0.01 036 0.03 030 98.78 167 <2 <1 <2 0 3 920 1 9 10 8 nd <20 8 <10 5 <5 11 nd <0I 4 960 nd 40 <50 4.0 83 85 573000 5393400 
83TLM-0744 6620 16.60 091 1.60 1.08 3.43 5.61 148 0.44 0.10 0.04 014 0.00 041 0.06 030 9910 2.69 <2 <10 <2 nd 1120 1 10 10 <5 nd <20 18 <10 6 <S 12 nd •1.0 5 1150 nd 45 <50 5.0 100 75 573280 5392810 
86TLM-4409 • 6780 16.00 

GOWAN LAKE PLUTON 
0.95 1.67 1.07 196 4.99 139 037 on 004 0.10 0.01 0.23 0.11 030 98.80 2.68 <2 1 <2 nd 1020 <1 6 10 11 320 <20 34 <10 nd <S 12 nd 0 1 4 985 nd 53 nd 5.0 78 nd 645387 5394907 

86TLM-4502 64 80 15.10 1.52 146 1.97 3.46 408 332 0.40 0.17 0.09 0.12 001 0.82 0.06 0.90 98.38 171 <2 2 <2 nd 975 1 11 39 16 280 <20 18 <I0 nd 6 10 nd 0.2 9 677 nd 78 nd 10.0 65 nd 629346 5396924 
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Sample No Code SjQ2 A1203 Fe203 FeO MgO CaO Na20 tao Ti02 P205 MnO C02 S H 2 0 H20- LOI TOTAL SG Af Al Au B Ba Be Co Cx Cu F HS Li Mo Nb Ni Pb Rb Sb Sc Sr Th V W Y Zn Zt Easting Northing 
ARCHEAN DIKES 

MAFIC-ULTRAMAFIC DIKES 
88TLM-3002 10a 45.70 863 15.70 nd 1150 1110 1.27 0 40 1.26 007 031 0.12 0.01 nd nd 0.60 97.97 3.17 <2 4 <2 nd S3 <1 62 1495 32 390 <5 16 <10 nd 435 <10 nd <0.1 33 40 nd 260 nd ISO 112 nd 581800 5390909 
78TLM-1S38 10b 45.60 10.60 1160 nd 16.70 895 1.12 037 0.58 0.02 0.18 nd 0.02 nd nd 3.60 96.74 3.02 nd nd nd nd 100 nd 70 1830 20 nd nd 40 nd ltd 440 <10 nd nd nd nd nd nd nd nd 80 nd 578092 5393535 
84TLM-170S 10b 51.10 6.27 105 8.07 17.40 10.40 0.45 0.14 031 001 0.20 0.10 0.02 134 0.02 190 99.48 nd <2 2 13 nd so 1 68 2210 8 230 <20 14 <I0 10 1130 <10 <5 0.1 9 39 <I0 125 nd 4.0 130 38 575439 5393252 
84TU4-2102 10b 50.40 586 121 8.00 16.70 10.90 0.66 1.08 033 000 0.23 0 07 0.01 232 0.03 1.70 99.02 nd <2 <1 <2 nd 210 1 62 2330 10 240 <20 13 <10 10 1000 <10 30 0.1 11 45 <10 165 nd 5.0 108 40 575783 5393411 
88TLM-3202 10b 47.20 7.87 11.10 nd 16.90 11.50 135 040 0.28 0.02 0 25 018 0.07 nd nd 1.40 97.12 3.11 <2 <! <2 nd 50 <l 68 2580 38 3750 <5 39 <10 nd 790 <10 nd <0.1 14 40 nd 13S nd 8.0 117 nd 582630 5391559 
88TLM-3203 10c 4X60 2.50 7.74 nd 27.20 6.51 0.00 0.03 0.13 0.01 012 7.59 0.19 nd nd 1180 94.62 in <2 <l 7 nd 17 <1 70 1290 13 710 <5 <3 <10 nd 1730 <10 nd <0.1 8 80 nd 65 nd <5.0 43 nd 582626 5391553 
78TLM-1537 lOd 45.50 7.68 11.00 nd 2120 8.04 0.01 0.01 0.40 0.01 0.19 ltd 0.03 nd nd 530 9507 197 nd nd ltd nd 30 nd 80 2380 110 ltd nd 10 nd ltd 1070 <10 nd ltd nd nd nd nd nd nd 75 nd 575621 5393440 
t3TLM-0701 lOd 4130 7.67 136 7.42 19.80 714 0.00 109 0.47 0.00 0.16 0.25 0.00 382 002 140 9950 197 <2 <1 <2 0 3 350 <1 73 2630 <S ltd <20 42 <10 10 800 <10 nd <0.l 17 18 nd 120 <50 4.0 86 11 578080 5393460 
f3TLM-0706 lOd 44.90 9.93 180 960 17.30 8.60 039 0.11 0.66 0.01 0.19 006 005 4.12 003 3.00 9875 3.01 <2 <1 <2 0.5 60 <1 72 2120 93 nd <20 36 <10 11 410 <10 nd <0.1 23 35 nd 200 <50 6.0 90 6 577990 5393450 
85TLM-2301 lOd 44.50 3.82 8.96 6.07 23.00 768 0.00 0.00 0.62 0.01 0.22 0.76 0.43 149 0.05 4.10 9861 3.03 <2 <l 9 nd 28 <1 103 2300 US 450 40 19 <I0 nd 1270 <10 nd <01 22 105 nd 120 nd 9.0 88 nd 582282 5390641 

MAFIC DIKES 
S3TLM-0613 lib 56.50 13.70 1.23 831 654 7.79 0.89 0.76 0.91 0.00 031 0.14 036 1.19 003 060 9868 3.12 <2 4 4 1.0 230 1 53 1040 78 ltd <20 12 <10 12 410 14 nd 0.1 25 19S nd 200 <50 150 134 45 581290 5393500 
84TLM-I004 l ib 49 20 10.40 160 984 887 11.90 1.77 039 093 0.18 0.19 1.75 0.07 1.73 0.04 230 10006 nd <2 3 6 nd 250 2 40 1030 48 810 <20 S <10 13 108 <I0 IS 0.7 40 313 <I0 260 nd 13.0 131 100 579635 5394390 
85TLM-4705 l ib 4840 11.90 1.70 918 11.60 10.40 1.73 0.24 1.04 0.63 0.22 0.27 008 1.70 005 130 9914 3.04 <2 1 6 nd 87 2 45 690 24 1600 <20 14 <10 nd 147 <10 nd 13 25 1550 nd 25$ nd 21.0 131 nd 579701 5394300 
85TLM-4706 l ib 50.70 1170 1.79 829 10.30 9.67 1.18 039 1.02 0.70 036 0.62 0.04 231 0.07 110 9994 3.01 <2 3 3 nd 152 2 42 815 25 1600 20 IS <I0 nd 194 170 nd 1.0 25 930 nd 245 nd 30.0 140 nd 579701 5394300 
83TLM-4707 l ib 48.90 9.98 139 7.48 14.00 11.00 0.68 0.77 1.17 034 0.16 037 0.01 123 0.10 120 98.78 305 <2 3 2 nd 266 1 48 880 12 1850 <20 10 <10 nd 330 78 nd 03 15 870 nd 185 nd 120 110 nd 579701 5394300 
83TLM-0S1IA He 58.70 I860 1.16 335 3.28 468 4.57 1.60 033 0.18 0.08 0.25 0.01 1.49 0.07 1.10 9855 173 <2 <1 <2 0 3 450 2 18 135 18 nd <20 25 <10 8 67 <10 nd <01 9 1140 nd 85 <50 60 84 35 582210 5394010 
83TLM-0704 llde 53 JO 1410 733 129 639 6.69 489 036 0.81 036 0.17 0 32 0.63 134 0.18 1.70 99 46 nd <2 4 23 13.0 nd 1 31 278 177 nd <20 nd <10 nd 64 24 nd 04 25 916 nd 184 <1 210 87 nd 578030 5393460 
83TLM-0717 l id 47.20 1180 1.84 8.22 8.13 7.16 1.23 114 1.02 033 0.19 434 0.00 4.50 0.08 7.70 9918 174 <2 1 <2 0 5 230 1 38 480 7 nd <20 96 <10 13 83 <I0 nd <0.l 25 140 nd 205 <50 150 137 80 577780 5393460 
84TLM-0501 l id 51.50 1060 1.40 7.64 13.00 760 1.99 189 0.62 031 0.15 012 001 1.74 0.04 1.40 9961 nd <2 <1 4 nd 720 3 49 1390 58 930 <20 24 <10 11 350 <10 160 <0 1 16 900 <10 145 nd 8.0 114 150 579648 5396367 
86TLM-3803 lid 46.90 1160 386 437 7.15 788 135 407 0.61 033 0.17 538 1.28 125 0.05 7.70 98 45 180 <2 19 •222 nd 865 2 30 309 12S 1400 20 80 <10 nd 51 43 nd 0.9 22 521 nd 196 nd 28.0 160 nd 578740 5394009 

MAFIC -INTERMEDIATE DIKES 
78TLM-1542 12a 52.70 1350 9.46 nd 7.80 8.48 185 1.69 0.86 032 0.18 nd 0.01 nd nd 1.60 97.83 191 nd nd nd nd 880 nd 35 580 10 nd ltd 3$ nd nd 125 <I0 nd nd nd nd nd nd nd nd no nd 575681 5393473 
S4TLM-2103 12a 54.00 1170 1.89 669 80S 7.96 177 1.91 0.91 0.22 0.16 064 0.01 1.75 0.11 1.40 99 80 nd <2 <1 2 nd 800 2 33 565 21 690 <20 34 <10 12 126 <10 65 6.2 19 560 <10 180 nd 13.0 117 145 575783 5393411 
86TLM-3807 12a 53.70 13.10 113 4.93 7.43 5.99 1.99 283 0.70 031 0.13 159 037 125 008 4.40 9833 177 <2 12 •210 nd 1015 <l 31 383 29 1040 <20 45 <10 nd 185 <10 nd 0.4 17 485 nd 148 nd 15.0 105 nd 578801 5394010 
86TLM-3915 12a 52.10 1380 1.97 4.77 5.44 5.85 430 161 0.75 032 0.11 4.23 0.21 101 0.09 5 50 98.76 174 <2 9 24 nd 1160 2 22 82 SO 1010 50 34 <10 nd 55 <10 nd 0.2 11 653 nd 123 nd 17.0 89 nd 578658 5394039 
84TLM-I902 12b 52 20 14.10 3.19 4.87 539 532 4.62 3.41 0.92 031 0.14 3.10 036 1.75 006 4.10 10034 nd <2 14 •810 nd 1520 4 27 101 70 1630 50 39 <10 14 62 12 130 0.4 12 770 12 150 nd 17.0 155 180 578658 5394069 
88TLM-2106 12b 55.50 15.00 7.79 nd 533 436 109 3.67 0.78 035 0.13 141 033 nd nd 199 97.14 ISO <2 40 80 nd 1300 3 21 75 74 1320 11 S3 <10 nd 56 <10 nd 1.6 12 1470 ltd 120 nd 20.0 105 nd 578901 5394053 
78TLM-1524 12c 56 70 18 50 483 nd 180 4.69 631 139 0.61 031 0.08 nd 034 nd nd 230 9736 169 ltd nd nd nd 1000 nd IS 30 10 nd nd 90 nd nd 20 30 nd nd nd ltd nd nd nd ltd 90 nd 576151 5393508 
83TLM-0638 12c 5890 16.10 1.92 3.71 4.77 4.29 133 335 084 033 0.10 0.29 0.04 134 014 1.70 9825 172 <2 S IS 1.0 1980 2 23 106 5 nd 50 85 <10 9 76 18 nd 1.1 10 1405 nd 105 <50 ISO 123 130 580160 5393500 
84TLM-2303 12c 61.50 15 90 1.93 155 111 431 3.52 300 0.86 039 0.07 0.94 0.28 0.98 0.10 130 98.44 nd <2 200 •70 nd 1820 3 12 13 IS 1370 #173 57 <10 9 5 10 65 90.9 9 1430 12 90 nd 14.0 132 205 580238 5393660 
85TLM-5103 12c 65.50 15 90 1.72 230 184 382 3.86 136 085 0.17 0.06 0.12 035 038 0 05 1.10 9888 172 <2 670 22 nd 1725 2 9 <10 6 1340 8120 88 <10 nd <S 49 nd 270.0 6 1465 nd 70 nd 14.0 102 nd 580161 5393650 
85TLM-5107 12c 66.50 1600 133 230 1.69 188 3.61 137 0.71 034 005 0.14 0.04 1.06 0.07 0.90 98.99 166 <2 130 17 nd 1465 2 8 <10 <3 960 8310 69 <10 nd 5 41 nd 888 7 1405 nd 60 nd 13.0 92 nd 580161 5393650 
86TLM-2809 12c 58.30 16.20 102 4.77 345 190 180 537 080 035 0.10 033 0.06 137 005 120 9887 172 <2 3 S nd 1435 <1 IS 14 17 480 <20 23 <10 nd <3 <10 nd 0.4 IS 219 nd 156 nd 14.0 84 nd 577654 5394210 
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Sample No Code Si02 A1203 Fe203 FeO MgO CaO Na20 K20 T«02 P205 MnO C02 S H20+ H20- LOl TOTAL SG As Au B Ba Be Co Ct Cu F Hg U Mo Nb Ni Pb Rb Sb Sc Sr Th V W Y Zn Zr Easting Northing 

ARCHEAN DIKES 
INTERMEDIATE DIKES 

83TLM-0709 l i t 68 40 16.70 032 218 1.21 197 493 0.98 0.53 0.12 0.03 0.23 0.12 0.69 004 0.80 99.45 168 <2 <10 <2 nd 800 2 8 7 48 nd <20 35 <10 7 9 IS nd 20 5 1070 nd 45 <50 8.0 99 165 577880 5393450 

S6TLM-3810 13* 61 60 15 40 233 1.97 2.28 353 4 36 ' 162 0.68 0.42 008 1.30 0.13 1.78 005 260 98.43 172 <2 21 24 nd 2450 2 10 10 12 990 40 33 <10 nd <5 <10 nd 1.1 8 1241 nd 79 nd 15.0 90 nd 578842 5394041 

88TLM-710S 13* 59.10 15.30 5.11 nd 364 399 498 122 0.57 0.45 009 1.79 005 nd nd 3.10 97.29 171 <2 16 8 nd 1320 2 13 60 IS 1070 15 41 <10 nd 38 34 nd 0.6 10 1180 nd 80 nd ISO 107 nd 578901 5394053 

88TLM-2109 13* 61.50 15.60 4.77 nd 111 373 4.53 m 0.70 044 007 135 0.04 nd nd 120 97.72 171 <2 23 18 nd 1755 2 10 <10 13 940 6 33 <10 nd 5 10 nd 13 7 1352 nd 73 nd 16.0 91 nd 578901 5394053 

88TLM-21I0 13* 5100 16.30 6.16 nd 5.96 101 6 JO 0.90 080 0.60 011 0.21 0.14 nd nd 3.40 96.69 ISO <2 31 85 nd 287 3 24 72 56 920 26 42 <10 nd 61 <10 nd 0.7 9 47$ nd 13$ nd 18.0 143 nd 578901 5394053 

83TLM-0632 13b 67.70 16.90 0.63 1.96 1.21 187 468 247 0.51 0.07 0.03 0.60 0.01 0.44 0.04 1.00 100.12 167 <2 7 <2 1.0 800 1 9 <5 <5 nd 20 24 <10 6 <S 14 nd 0 3 4 HIS nd $5 <50 5.0 88 100 580320 5393330 
B3TLM-0633 13b 61.60 1680 1.80 269 1.78 3.67 5.17 216 0.78 0.14 006 133 0.15 0.92 0.04 ISO 99.09 172 <2 4 4 1.0 760 2 14 9 16 nd 130 20 <10 8 <5 <10 nd 1.6 6 900 nd 100 <50 6.0 133 n o 580320 5393500 

S4TLM-0102 13b 66.40 17.00 0.92 1.45 1.10 3.14 5.01 1.92 0.45 009 0.03 1.02 0.05 084 0.01 1.90 99.43 nd <2 6 10 nd 920 2 8 <5 6 470 <20 59 <10 6 <5 IS 47 03 5 830 <10 50 nd 8.0 96 165 579192 5393861 

84TLM-0106 13b 68.90 16.70 036 138 0.91 1.98 518 299 0.37 0.10 0.04 0.08 0.01 057 nd 0.40 99.57 nd <2 . 3 <2 nd 1300 2 7 IS 6 620 <20 32 <10 6 7 IS 65 0.4 3 960 <10 30 nd 10.0 66 200 579192 5393861 

84TLM-0I11 13b 61.90 17.50 1.74 3.27 1.97 433 361 279 0.77 0.18 0.06 0.46 0.22 1.20 0.05 130 10005 nd <2 IS 14 nd 780 2 12 17 10 620 30 44 <10 9 <S <10 65 1.0 5 870 <10 103 nd 7.0 ISO 185 579192 5393861 
84TLM-0905 13b 67.60 1620 124 1.24 0.77 167 5.07 1 90 0.51 0.13 0.03 0.86 0.04 1.10 nd 1.70 9936 nd <2 4 IS nd 900 3 8 16 5 590 <20 20 13 12 7 <10 45 0.4 4 655 <10 3$ nd 6.0 120 185 578762 5393948 
85TLM-0901 13bc 65.40 15.30 1.63 207 2.83 315 3.07 241 0.60 0.17 006 048 0.04 1.08 0.06 210 98.35 170 <2 1 12 nd 965 2 13 1SS 8 860 <20 48 <10 nd 73 21 nd 4.7 7 935 nd 60 nd 9.0 72 nd 577401 5393479 
B6TLM-U01 13b 63.20 1610 135 162 120 3.52 4.47 219 0.51 014 0.07 1.11 0.01 1.01 0.05 1.70 9835 169 <2 <1 2 nd 935 <1 11 SO 20 360 <20 72 <10 nd 23 39 nd 0.1 7 990 nd 84 nd 7.0 80 nd 577660 5393747 
86TLM-4004 13bc 61.70 16.50 1.85 3.10 1.84 3.83 3.95 240 0.69 0.19 0.06 1.17 0.02 1.22 0.05 1.60 9837 172 <2 7 13 nd 775 <1 11 <10 <5 450 <20 51 <10 nd <5 <10 nd 0.5 7 1000 nd 109 nd 6.0 112 nd 578599 5393914 
86TLM-4101 I3bc 6710 15.70 284 0.95 1.63 107 488 251 0.55 025 0.06 032 0.04 074 0.07 0.90 99.71 164 <2 I 4 nd 1215 1 10 33 13 590 <20 26 <10 nd 8 <10 nd 0.1 6 1113 nd 64 nd 10.0 82 nd 577654 5394240 
88TLM-2509 13b 66.10 15.90 332 nd 0.89 363 430 122 0.46 0.16 0.04 062 0.20 nd nd 130 97.84 171 <2 <1 <2 nd 950 1 6 <10 20 490 <5 IS <10 nd <5 11 nd <0.1 4 1035 nd 50 nd 5.0 86 nd 580026 5393057 

83TLM-0513 14a 6930 16.40 0.54 138 0.83 175 5.21 111 0.41 005 0.03 0.17 0.08 038 0.04 020 9968 167 <2 <1 <2 13 1000 1 6 14 22 nd <20 12 <10 5 6 22 nd 02 3 845 nd 35 <50 3.0 124 95 582250 5393920 
83TLM-0626 14a 6890 16.20 039 138 1.04 2.24 531 174 0.46 0.12 003 057 0.01 0.60 0.04 1.10 100.23 265 <2 7 IS 0.5 1310 2 7 14 7 nd 260 24 <10 6 11 23 nd 29 3 1230 nd 35 <50 7.0 83 145 580680 5393500 
83TLM-0726 14a 70.90 1630 0.15 124 0.54 119 536 1.79 0.30 0.04 0.03 049 0.02 0.45 0.06 0.80 9986 267 <2 2 <2 05 860 2 5 14 <S nd <20 IS <10 4 <S IS nd 0.4 2 1090 nd 22 <50 3.0 73 75 577640 5393470 
84TLM-2006 14a 6890 16.10 0.74 1.09 0.87 126 6.19 1.88 0 28 008 0.04 033 0.02 0.70 0.05 1 10 99.53 nd <2 2 3 nd 780 2 6 13 6 nd nd 16 <10 6 6 21 35 IJ 6 1030 <10 35 nd 9.0 72 140 578642 5393759 
84TLM-2302 14a 66.40 16.40 139 1.60 1.27 302 534 146 0.48 0.11 0.04 0.13 0.01 0.50 006 0.60 9943 nd <2 1 4 nd 850 2 7 28 12 700 60 12 < t o 6 10 25 48 13 5 820 <10 50 nd 5.0 98 155 582945 5394502 
85TLM-4712 14a 6900 1530 0.63 136 0.97 1.89 5.17 167 034 0.10 0.04 031 0.07 1.10 010 100 99.45 161 <2 3 •90 nd 1230 2 5 16 12 530 <20 IS <10 nd 10 36 nd 0.7 4 1025 nd 35 nd 5.0 37 nd 579461 5394180 
85TLM-S605 14t 68.70 1640 1.01 0.74 038 114 537 168 033 005 0.03 069 0.30 108 006 1.70 9916 267 <2 93 •200 nd 998 1 <5 <10 24 770 7580 32 <10 nd < s <10 nd 6 3 4 885 nd 25 nd 4.0 58 nd 580241 5393601 
86TLM-5509 14a 69.60 15.70 039 095 0.49 1.22 6.67 211 030 0.05 0.03 0.80 0.02 0.20 0.05 1.00 9848 263 <2 1 <2 nd 1600 2 <5 <10 6 190 <20 10 <10 nd <5 22 nd 0.1 3 1281 nd 22 nd 6.0 28 nd 577252 5393710 
87TLM-6201 14a 6830 15.60 1.17 1.19 1.28 141 4.14 174 037 0.18 0.05 0.90 0.02 0.87 nd 1.70 9942 nd <2 16 13 nd 1330 1 5 IS 9 640 2050 57 <10 nd 10 16 nd 14.0 4 1208 nd 38 nd 9.0 85 nd 580230 5293643 
8STLM-2104 14*f 68.60 15.90 238 nd 1.27 1.47 468 2.58 032 0.22 0.03 0.53 0.02 nd nd 1.70 98 00 265 <2 8 9 nd 1310 2 5 13 10 700 17 23 <10 nd 9 22 nd 03 3 957 nd 30 nd 7.0 70 nd 578901 5394053 
88TLM-21I2 14a 68.90 16.10 218 nd 0.91 1.73 538 3.01 033 0.17 0.03 0.24 0.02 nd nd 1.00 9900 264 <2 11 10 nd 1320 2 5 10 11 470 16 17 <10 nd <5 17 nd 0.4 3 1155 nd 26 nd 6.0 71 nd 578901 5394053 
84TLM-2305 14b 67.80 1600 0.46 1.16 0.78 148 5.72 148 027 0.05 003 132 0.11 0.58 0.08 ISO 9922 nd <2 8 IS nd 1160 2 5 S 8 330 160 7 <10 4 <S 19 44 0.4 3 80S <10 25 nd 5.0 74 135 578495 5394096 
88TLM-2105 14b 6930 16.10 1.80 nd 0.66 115 2.39 3.13 019 008 002 0.92 012 nd nd 220 9706 272 <2 30 14 nd 1050 1 <5 <10 21 270 33 22 <10 nd <5 17 nd 1.6 2 913 nd 22 nd <5.0 72 nd 578901 5394053 
88TLM-2I07 14b 70.30 1630 1.86 nd 0.59 1.14 483 151 019 0.08 002 0.21 005 nd nd 1.50 9808 264 <2 12 IS nd HIS 1 <5 <10 10 300 11 14 <10 nd <5 13 nd 0.4 2 945 nd 25 nd 20 52 nd 578901 5394053 
88TLM-3802 14b 69.60 16.00 236 nd 0.88 139 5.90 0.73 035 0.13 0.03 0 31 0.04 nd nd 0.50 98.72 267 <2 <1 <2 nd 570 1 5 <I0 16 210 5 27 <10 nd <5 <10 nd <0.1 3 745 nd 28 nd <5.0 72 nd 579140 5396058 
83TLM-0504 14c 65.70 16.90 0.17 125 1.17 3.03 5.77 133 0.44 0.08 003 0.07 0.04 0 28 0.04 0.10 9S32 26S <2 <l <2 0.5 800 1 9 28 6 nd <20 14 <10 6 8 39 nd <0.1 3 90S nd 50 <50 4.0 132 75 582850 5394390 
86TLM-4107 14c 70 60 15.80 0.45 137 088 1.76 5.27 1.61 0.29 0.14 0.04 0.23 0.01 0.73 0.05 130 9913 266 <2 <l 2 nd 1110 1 5 11 S 250 <20 22 <10 nd 5 10 nd 0.8 3 994 nd 33 nd 6.0 48 nd 577657 5393963 
83TLM-0702 14d 63.70 19.00 0.02 1.96 1.46 3.20 709 0.77 034 0.06 004 0.41 0.03 0.48 0.03 0.50 98.59 266 <2 <l <2 nd 730 2 8 25 12 nd <20 40 <10 5 •10 21 nd <0.1 5 1625 nd 25 <50 4.0 50 95 578080 5393460 
83TLM-0703 14d 57.90 2030 332 0.68 1.52 368 8.37 1.1S 066 0.25 003 0.55 0.76 022 0.13 1.40 99.5S 268 <2 9 2 20.0 1260 2 13 21 190 nd <20 11 <10 nd IS 44 nd 0.5 5 1539 nd 54 <1 8.0 44 nd 578030 5393460 
89TLM-350I 14d 7130 15.80 0.72 0.93 0.67 1.13 3.71 237 0.23 0.09 001 0.39 0.01 1.58 011 1.80 9927 nd <2 2 <2 nd 1126 2 <3 64 14 290 100 35 <10 nd <5 <10 nd 11 2 784 nd 22 nd <5 0 nd nd 578471 5393784 
83TLM-0502 14e 7460 1530 0.12 0.22 nd 098 4 48 4.16 0.08 0.00 0.01 0.07 0.01 0.17 0.03 0.10 100.13 262 <2 <1 S 1.0 180 2 <5 12 $ nd <20 4 <10 3 <5 52 nd <0.1 <1 175 nd 5 <50 -2.0 24 25 583020 5394490 
83TLM-0742 14f 7730 14.60 002 0.29 nd 0.75 405 1.59 0.04 0.00 0.00 0.05 0.02 0.60 0.03 0.90 99.34 267 <2 <1 <2 1.0 360 2 <5 <5 <5 nd <20 6 <10 3 <5 24 nd <0.1 <1 205 nd 7 <50 •1.0 24 19 573020 5393400 
PROTEROZOIC DIKES 

MAFIC INTRUSIVE DIKES 
83TLM-0622 15a 5030 13.60 1 6 7 11.10 440 922 236 0.92 1.80 021 0.21 0.12 0.13 1.65 0.10 1.10 98.79 3.05 <2 <1 <2 1.0 350 2 42 81 76 nd <20 10 <10 21 38 <10 nd 0.2 40 205 nd 230 <50 35.0 150 135 581080 5393490 
83TLM-0741 15a 46.10 1260 3.40 1140 5.54 9.56 2.01 0.70 291 030 0.23 007 0.23 1.94 007 1.10 97.96 3.07 <2 <I <2 1.0 260 2 56 115 81 nd <20 16 <I0 30 61 <10 nd <0.1 45 220 nd 515 <50 30.0 136 115 573080 5393420 
83TLM-071S 15ab 46 50 11.90 107 1130 539 1060 0.94 1.72 3.63 039 0.20 069 038 278 0.16 1.80 99.05 3.01 <2 2 <2 1.0 310 3 46 48 52 nd <20 IB <10 35 47 <10 nd 0.2 45 195 nd 475 <50 45.0 148 170 577780 5393460 
86TU4-5505 15ab 47.10 1230 4.60 11.80 4.28 9.16 100 1.02 3.61 0.43 0.23 Oil 0.22 238 0.07 1.40 99.31 305 <2 I <2 nd 368 <1 47 42 55 540 <20 IS <10 nd 50 <I0 nd 0.8 38 218 nd 498 nd 34.0 ISO nd 577247 5394080 
83TLM-0640 15c 47.20 1330 163 11.60 5.78 8.72 166 0.99 1.99 0.15 0.26 017 0.19 278 011 1.80 9843 2.89 <2 20 <2 nd 740 2 52 116 44 nd 20 31 <10 21 55 <10 nd 11.0 35 370 nd 300 <50 24.0 126 95 580000 5393480 

LAMPROPHYRE DIKES 
78TLM-1531 I6a 35.70 538 16.90 nd 13.60 1100 0.01 1.10 4.91 037 0.27 nd nd nd nd 7.80 92.52 2.96 nd nd nd nd 590 nd 85 850 160 nd nd 35 nd nd 650 <10 nd nd nd nd nd nd nd nd ISO nd 577296 5393555 
78TLM-1532 16b 24.10 441 10.60 nd 6.60 25.80 1.17 1.65 3.15 1.15 0.24 nd nd nd nd 1930 79.39 2.92 nd nd nd nd 760 nd 50 235 135 nd nd 20 nd nd 115 <I0 nd nd nd nd nd nd nd nd US nd 579809 5393559 
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Sample No Code Si02 A1203 Fe203 FeO MgO CaO Na20 K20 TTQ2 P205 MnO C02 S H2CH- H20- LOl TOTAL SG A* As Au B Ba Be Co Cr Cu F He Li Mo Nb Ni Pb Rb Sb Sc Sr Th V W Y Zn Zr Easting Northing 

HIGHLY ALTERED/MINERALIZED ROCKS 
GOLDEN SCEPTRE (HEMLO GOLD MINES) PROPERTY 

86TLM-2805 - 65.50 13.30 0.70 1.43 1.50 293 438 4.86 0.29 0.05 0.05 308 0.51 0.30 0.05 300 98.93 2.62 <2 9 •138 nd 516 <1 5 17 33 70 <20 10 <10 nd 5 22 nd 0.1 6 119 nd 57 nd 5.0 32 nd 577653 5394271 

86TLM-2807 71.00 14.40 0.22 0.40 1.30 132 5.68 166 0.48 0.06 0.02 0.93 0.25 0.21 0.05 1.00 98.88 162 <2 4 •180 nd 158 <l 7 26 5 160 <20 8 <10 nd 12 <10 nd 0.1 3 121 nd 41 nd 4.0 <I0 nd 577654 5394240 

8STLM-6101 60 70 1190 3.47 nd 3.36 531 7.27 034 037 0.06 0.06 194 1.46 nd nd 4.10 9834 173 <2 7 <2 nd 312 <1 7 12 30 140 5 4 <10 nd 11 <10 nd 0.2 5 85 nd 16 nd <50 39 nd 578246 5394152 

89TLM-Z502 69 70 15.00 3.41 0.76 0.08 034 776 0.24 037 Oil 0.00 037 0.35 0.97 0.29 110 9975 nd <2 13 1» nd 138 <1 <5 106 9 60 85 <3 221 nd <5 66 nd 56 <2 443 nd 10 nd <5.0 nd nd 575441 5394214 

89TLM-380I 7180 14.80 0.83 0.41 0.01 035 8.43 0.38 035 005 0.00 0.10 0.58 015 0.06 030 9910 nd <2 9 630 nd 138 <1 <5 62 6 <40 200 <3 <10 nd <5 <10 nd 23 <2 69 nd <5 nd <5.0 nd nd 578430 5394212 

89TLM-3802 67 80 19.30 034 0.29 0.20 035 10.40 037 0.27 008 0.01 o n 0.30 0.21 nd 030 9993 nd <2 25 680 nd 206 <l <5 58 7 SO 47 <3 <10 nd 5 <10 nd 18 <2 97 nd 20 nd <50 nd nd 578430 5394212 

89TLM-3803 77.90 10.80 1.03 0.41 0.97 036 5.77 0.29 0.18 0.02 0.00 0.15 Oil 061 032 0.9O 98.92 nd 2 13 1160 nd 1518 <1 <5 66 23 60 260 <3 378 nd 6 <10 nd 1.0 <2 66 nd 15 nd <5.0 nd nd 578430 5394212 

89TLM-3804 7690 11.20 1.17 038 130 0 89 5.46 0.57 0.25 0.06 0.02 0.48 080 055 0.09 1.10 100.32 nd <2 42 150 nd 580 <1 8 36 7 100 37 6 <10 nd 13 <10 nd 14 2 101 nd 14 nd <5.0 nd nd 578430 5394212 

89TLM-3805 5460 1480 0.82 2.56 410 7.16 6.46 2.44 039 0.07 0.08 444 0.35 1.04 0.07 590 9938 nd <2 4 480 nd 494 <1 6 34 10 250 39 25 <10 nd 11 <10 nd 0.7 3 103 nd 32 nd <5.0 nd nd 578430 5394212 

WILLIAMS PROPERTY CZONE 
8STLM-20I2 8420 4 10 434 nd 0.00 0.00 0.00 3.02 0.10 000 0.00 0.06 3.50 nd nd 250 9932 169 6 97 •1705 nd 518 <1 8 22 52 50 750 <3 2145 nd 19 115 nd 1.6 2 109 nd 99 nd <50 393 nd 578901 5394053 

W I L L I A M S PROPERTY- HERITAGE OUTCROPS 
85TLM-5705 - 69.10 1730 0.65 0.15 0.03 031 0.00 10.20 0.58 0.00 0.01 028 018 0.83 0.07 1 20 99.69 153 <2 47 390 nd 840 <1 <5 34 <5 160 670 9 50 nd <5 13 nd 4.5 2 75 nd 100 nd -10 14 nd 579381 5394050 

85TLM-5706 67.50 1580 132 0.22 nd 031 0.00 11.80 0.56 0.00 0.01 0.14 057 058 0.07 130 9908 152 4 56 130 nd 664 < t <5 23 6 70 7290 5 18 nd <5 12 nd 13 6 90 nd 75 nd •10 9 nd 579381 5394050 

W I L L I A M S PROPERTY-. A Z O N E 

85TLM-5104 62.40 1560 462 222 156 330 0.76 188 0.55 0.22 0.11 0.20 1.04 234 0.20 3.60 9900 175 <2 HI 90 •700 nd 1445 2 IS 68 65 890 7#110 54 10 nd 43 59 nd 159.0 14 300 nd 105 nd 15.0 120 nd 580161 5393650 

85TLM-5108 60.80 1190 8.47 1.11 1.30 140 183 3.06 045 0.12 0.01 0.13 7.13 0.82 006 5 20 101.59 186 <2 125 65 nd 864 1 11 10 12 960 3000 56 <10 nd <5 <10 nd 25.7 11 305 nd 115 nd 11.0 30 nd 580181 5393650 

8STLM-56I0 5h? 69.00 10.80 4.81 0.44 0.80 040 1.43 3.13 0.50 005 0.01 0.13 405 0.89 0.05 3.80 96.49 183 <2 61 •2430 nd 19000 1 22 101 44 410 #10.0 44 330 nd 69 <10 nd 214 8 115 nd 145 nd 5.0 57 nd 580351 5393559 

85TLM-5612 5h? 65.80 15.90 185 111 1.67 182 148 3.26 0.80 0.07 0.05 0.21 187 1.07 007 1.90 10003 174 <2 51 580 nd 4300 3 25 103 32 640 2600 58 <10 nd 61 10 nd 16.6 23 1195 nd 160 nd 30.0 62 nd 580351 5393559 

85TLM-5614 71.40 960 6.72 0.52 0.50 0 40 0.51 6.22 1.00 0.00 0.01 0.19 543 0.58 005 4.10 103.13 158 <2 125 •2870 nd 894 4 6 13 8 150 4000 12 810 nd <5 <10 nd 48.5 5 120 nd 530 nd 10 10 nd 580352 5393580 

85TLM-5616 5960 11.80 146 1.48 3.30 4 40 0.43 6.46 1.08 0.06 0.04 158 307 0.97 0.08 520 97.81 173 <2 350 •6020 nd 9080 25 13 13 12 530 #87.0 43 6375 nd <5 <10 nd 513.0 14 395 nd 3430 nd 8.0 160 nd 580261 5393609 

85TLM-56I7 43.70 10.10 23.70 0.81 0.50 040 102 6.03 0.25 0.00 001 0.15 1810 030 0.09 21.50 106.16 3.07 <2 430 •1120 nd 1920 1 12 11 6 <50 #58.0 5 975 nd <5 <10 nd 87.5 5 110 nd 220 nd 4.0 180 nd 580261 5393609 

85TLM-5619 65.40 19.90 0.14 0.52 030 106 11.00 0.00 030 0.07 0.03 034 0.02 0.74 0.07 0.40 99.89 161 <2 14 8 nd 54 <1 <5 22 6 270 340 6 11 nd 5 <10 nd 5.0 8 95 nd 40 nd 7.0 16 nd 580241 5393640 

85TLM-5620 77.20 13.20 048 1.11 0.97 093 036 1.97 0.23 0.06 0.02 0.67 034 137 0.O7 1.70 99.18 174 <2 34 8 nd 480 <I 6 18 24 490 560 nd 5 nd IS 43 nd 6.2 5 325 nd 30 nd 4.0 66 nd 580241 5393640 

MISCELLANEOUS GOSSANS 
83TLM-0503 50 20 14.50 905 3.27 3.83 670 085 1.16 120 0.09 018 1.23 193 380 0.59 6.40 9838 2.65 <2 1 5 3.0 600 2 IS 104 132 nd <20 31 <10 14 25 55 nd 0.1 40 160 nd 265 <50 25.0 235 25 582960 5394470 

83TLM-0642 69 70 13.60 2.06 169 1.11 1.46 190 112 069 0.14 0.11 0.15 1.01 1.26 0.05 1.50 99.05 177 <2 12 •160 11.0 1500 20 20 137 48 nd <20 43 <10 7 29 19 nd 0.3 8 285 nd 80 <50 11.0 66 105 579960 5393480 

83TLM-0647 66 60 18.50 1.14 1.16 0.86 1.68 4.79 125 0.48 0.06 001 0.06 0.21 1.23 0.05 1.50 99.08 163 <2 3 4 8.0 530 1 S 25 18 nd 20 38 <10 6 9 22 nd 0.6 6 560 nd 55 <50 6.0 68 90 579880 5393480 

83TLM-0719 61.60 8.20 13.61 1.16 0.35 1.10 170 0.82 0.45 0.01 0.03 0.09 1430 083 0.16 830 105.41 171 2 7 7 1 0 130 <1 IS 24 115 nd <20 9 <10 6 64 <10 nd 0.4 4 100 nd 25 <50 30 24 50 577750 5393470 

8STLM-2904 6990 15.60 230 nd 0.94 1.63 605 1.28 0.39 0.15 0.03 0.08 0.43 nd nd 0.90 98.80 164 <2 <l <2 nd 925 1 7 16 36 290 <5 26 <10 nd 13 25 nd <0.1 5 515 nd 50 nd 90 121 nd 582443 5391818 

Footnotes 
* Aurepfccales - table 4B 
# Hg -ppm 
7 Hg may be up to 25H high d o e to high AVHg ratio interference 
S e e Appendix 1 for f u r r h a rnfbrmahon 
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TABLE 5 : SUMMARY OP U - P b GEOCHRONOLOGIC RESULTS FOR THE SCHREIBER-HEMLO GREENSTONE BELT 

Sample1 Reference Code 2 Reference Name 3 Description 3 Zircon4 Titanite 4 Rutile 4 Monazite 4 Muscovite 4 

C-86-75 
86TLM4601 

, b) C-84-87 
84TLM2304 

C-84-48 

C-84-46 
84TLM2305 

C-87-43 
87TLM6201 

b) C-84-75 
84TLM2303 

b) C-84-44 
84TLM2302 

, b) C-86-10 
84TLM4401 

, b) C-86-11 
86TLM4402 

, b) C-86-12 
86TLM4409 (m) 
78TLM0316 (i) 

HBv 

GSv 

PWs 

Ws 

GGs 

GSp 

PWp 

PWd 

CLp 

PCm 

PCi 

HBm-i 

Heron Bay volcanic felsic, sericitic quartz-plagioclase-
phyric lapilli-tuff 

Golden Sceptre volcanic felsic subvolcanic?/ quartz-plagioclase-
porphyry, (feldspathized); from Golden 
Sceptre property 

Page-Williams schist 

Williams schist 

Golden Giant schist 

mineralized mica schist with quartz 
veins; from A Zone surface, Williams 
property 

mineralized mica schist; from A Zone 
diamond drill core, Williams property 

mineralized mica schist; from Main 
mineralized zone diamond drill core, 
Golden Giant Mine 

Golden Sceptre porphyry foliated quartz-plagioclase-porphyritic 
dike; crosscuts GSv; Golden Sceptre 
property 

Page-Williams porphyry 

Page-Williams diorite 

Cedar Lake porphyry 

Pukaskwa Gneissic 
Complex margin 

Pukaskwa Gneissic 
Complex interior 

Heron Bay Pluton; 
margin and interior 

foliated plagioclase-porphyritic biotite 
granodiorite dike; from A Zone pit, 
Williams property: intrudes ore zone 

foliated biotite dioritic dike; from 
A Zone surface, Williams property: 
intrudes ore zone 

foliated, plagioclase-porphyritic, 
hornblende-biotite granodiorite dike 
(200m from Cedar Lake Pluton contact) 

foliated, hornblende-biotite 
granodiorite (outside of map area) 

foliated, biotite-hornblende 
granodiorite (outside of map area) 

biotite-hornblende granodiorite (m), 
microcline-megacrystic, biotite-
hornblende granodiorite (i) (both 
samples from outside of map area) 

2695±2 

2772±2 

267112 

2645±4 

2635114 

264114 

264514 

267012 

269515 
or 

268412 
(unresolved) 

insufficient 267213 
zircon 

2690-2680 267113 

264514 

263213 

263215 

268713 2679133 

2676135 

271916/-4 268413 

268813 

268815 
(combined 
m & i) 

268813 

267813 
(m) 



TABLE 5 (Cont) : SUMMARY OF GEOCHRONOLOGIC RESULTS FOR THE SCHREIBER-HEMLO GREENSTONE BELT 

Sample 1 Reference Code3 Reference Name2 D e s c r i p t i o n 3 Zircon4 T i t a n i t e 4 R u t i l e 4 Monazite 4 Muscovite 4 

a ) , b) C-87-84 
c) 87TLM6203 

a), b) C-84-83 
c) 84TLM2301 

a), b) C-87-42 
c) 87TLM6202 

a ) , b) C-86-14 
C ) 86TLM4502 

TM (102-116) 

CLm 

CLi 

CC 

GL 

Cedar Lake Pluton 
margin 

Cedar Lake Pluton 
interior 

Cedar Creek Stock 

Gowan Lake Pluton 

Hemlo Mine mica 

biotite-hornblende 2687±3 
granodiorite 

weakly foliated, microcline- 2688±3 
megacrystic, biotite-hornblende 
granodiorite 

biotite-hornblende granodiorite 26S4+4/-3 

microcline-magacrystic hornblende- 2678±2 
biotite granodiorite (outside of map 
area) 

fuchsite 7 - green muscovite; from quartz-
muscovite schist, A Zone trench, Williams 
property 

267713 

268813* 
267613 6 

267713 

267813 

2671153 

a) Corfu and Muir 1989a 
b) Corfu and Muir 1989b 

c) Field number; this study 

Corfu and Muir 1989a, 1989b 

Supercedes description in Corfu and Muir (1989a, 1989b) 

Age in Ma 

2 groups of morphologically distinct titanite crystals (Corfu and Muir 1989b) 

2 fractions of morphologically indistinct titanite crystals (Corfu and Muir 1989b) 

Masliwec et al, 1986; 40Ar/39Ar 



. ' •**• Outline of areas of pervasive alteration 
HFZ = Hemlo Fault Zone 

LSSZ = Lake Superior Shear Zone 
CCFZ = Cedar Creek Fault Zone 
, • • . Colour Boundary 

F l C h U R £ H 
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HFZ = Hemlo Fault Zone 
LSSZ = Lake Superior Shear Zone 
CCFZ = Cedar Creek Fault Zone 
, • • # Colour Boundary 

Outline of surface and near-surface 
ore-grade and subore-grade zones 

Pukaskwa 
Gneissic 

* . Complex 
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LEGEND 

C Zone West Outcrop 

Overburden 

DIKES, VEINS 

Diabase H5a(b)] 

INTRUSIVE CONTACT 

Quartz veins, stringers, pods 

14a Plagioclase-phyric dike 

14c Granodioritic dike 

12c Dioritic dike, schistose gabbro dike 

INTRUSIVE CONTACT 

METAVOLCANIC ROCKS 

Quartz-plagioclase phyric (pyroclastic?) (may include some 
feldspathic arenite) 
a lapilli-tuff, tuff I3a] 
b lapillistone tuff-breccia I3bl 
c tuff breccia I3cj 

METASEDIMENTARY ROCKS 

Feldspathic conglomerate, biotite conglomerate (granule to pebble) |4e.5hl 

Feldspathic wacke, lithic wacke I6c.g) 

SYMBOLS 

Alteration (vein-like) 

- " — Feldspathization (and/or silicification?) 

— Silicification, molybdenite (± Au?) 

Feldspathization, pyrite (± Au?) 

Iron carbonate 

Faults (ductile and/or brittle), Fractures 

— ^ - Sense of apparent displacement shown if determined 

Planar schistose zones - sense unknown 

Bedding 

Internal bedding 

~ ~~ Unit contact or internal unit layering (Sg/S,) 











LEGEND 
"C" ZONE EAST OUTCROP 

Quartz veins 

INTRUSIVE CONTACT 

Dikes 

14a Plagioclase-phyric felsic dike 

14b Quartz-plagioclase-phyric felsic dike 

14d Felsite dike (locally plagioclase subporphyritic) 

13a Aphyric intermediate dike 

12b Biotite lamprophyre with feldspar phenocrysts 

12c Dioritic dike 

11d Mafic schistose dike 

INTRUSIVE CONTACT 

Country Rock 

Sericitic, quartz-feldspar porphyry 

Feldspathized (sodic±), biotitized, quartz-feldspar porphyry 

Feldspathized (potassic±) quartz-feldspar porphyry 

Quartz-feldspar porphyry with irregularly shaped 
chlorite-sericite lenses, layers 

Pyritized quartz-feldspar porphyry with irregularly shaped chlorite-sericite 
lenses, layers 

Significantly silicified, microclinized rock with py-mo-Au(?) mineralization 

Zone of notable pyritization, Au(?) 

Intensely silicified rock (dike-like) 

Quartz stringers, veinlets 

Quartz veins 

pink (hematitic) alteration 

conspicuous fracture/shear, with or without alteration 

vein-like feldspathization (albitization?) 

area of fragment-bearing rocks (pyroclasts?) 

closely spaced fracture sets (strike depicted) 

highly schistose zones 

overburden 

sample no. for chemical analysis ("prefix" "88TLM" omitted for brevity) 

D 

2104 

OF* s t r f mote Otyb 






















