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ABSTRACT

The Fox Mine was a Proterozoic copper-zinc, volcanogenic
massive sulfide deposit located in northwestern Manitoba. It
was hosted by tholeiitic and calc-alkaline, sodic series vol-
canic and associated sedimentary rocks. The area has under-
gone middle amphibolite grade metamorphism.

The deposit comprised two major massive sulfide lenses,
produced by separate hydrothermal vents. Both displayed typ-
ical metal zonation with lowermost copper-rich stringer ore,
central massive copper-rich 6re and uppermost stratified zinc
rich ore. The lenses were laterallly continuous with altered
felsic metavolcanic rocks. The western extension is obscured
by thick accumulations of siltstones and pyritic mudstones.
A thin horizon of jron formation coincides with the eaétern
extension. |

The structural evolution of the Fox Mine area involved
subvolcanic plutonism, early isoclinal folding (Fl), tight E-
trending shear folding (F2) followed'by a period of faulting
and shearing (D3) that segmented and offset tﬂe sequence of
strata.

The orebody occurred on the overturned limb of an early,
sub-horizontally plunging, isoclinal fold. Altered felsic
metavolcanic rocks 800 meters south of the mine constitute a
similar geological environment. They represent a detached,

folded (F2) repetition of the favorable stratigraphy.
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IN MEMORIAM
FOX MINE (1970-1985)

On the 29th of November, 1985, milling operations at the
Fox Mine ceased. Ore milled to closure totalled 11,958,182
tonnes grading 1.82% copper and 1.78% zinc. With man? fond
memories, I bid adieu to an old “friend’ and respectfully

submit this thesis.
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CHAPTER I

INTRODUCTION

1.1 BACKGROUND, LOCATION AND ACCESS
In his economic assessment of the Dunphy Lakes area, M.
S. Stanton (1949) made the following innocuous statement in
the final paragraph of his report:

"About 1,000 feet northwest of Fox Lake, a sparse dissem-
ination of fine pyrrhotite occurs in a small exposure of re-
crystallized dark-grey very impure garnetiferous quartzite.
A magnetic anomaly was also noted in the immediate vicinity.
No surface workings were observed" (p. 34).

Twelve years later, exploration crews in the employmenf
of Sherritt Gordon Mines Limited confirmed the existence of a
massive sulfide deposit approximately 300 meters northwest of
Fox Lake. By July of 1965, diamond drill crews had outlined
' 11,153,636 tonnes of ore grading 1.74% copper and 2.35% zinc.
Feasibility studies based on these drill results culminated
in a production decision and in May of 1970, the first ore
was skipped at Sherritt Gordon’s Fox Mine.

For the next fifteen years, production levels at the Fox
Mine were maintained near its design capacity of 2,750 tonnes -
per day. Published mining reserves dated December 31, 1984,
" included 632,893 tonnes averaging 1.802% copper and 2.418%
zinc. | ‘

These reserves were exhausted by routine mine production

during 1985. The final ore was processed on November 29th.

Tonnage milled to closure totalled 11,958,182 tonnes grading



1.82% copper and 1.78% zinc.

The study to which this theéis pertains, was initiated
in 1984 as a geological and geochemical assessment of the Fox
Lake massive sulfide deposit prior to the cessation of mining
operations. Although the final draft of this thesis was not
available prior to closure, pPreliminary results were released
in the Manitoba Department of Energy and Mines, 1984 Report

of Activities.

I 5 o~ W e

Plate l: - The Fox Mine as viewed from the south, with.
milling complex on the left and headframe on the right.

Fox Mine (Plate 1) is located in northwestern Manitoba,
20 kilometers east of the Saskatchewan provincial boundary,
45 kilometers southwest of the Lynn Lake townsite and 800 air
kilometers northwest of Winnipeg (Figure 1). All weather
access to the mine from Lynn Lake is possible via Provincial

Highway #396. Lynn Lake is accessible by scheduled aircraft
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service and Provincial Highway #396 by way of Thompson and by
a branch-line of the Canadian National Railway via Cranberry
Portage.

1.2 PREVIOUS WORK

‘The earliest geological map to include the Fox Mine area
was the work of D. L. Downie in 1935. It was published as
Geological Survey of Canada Map #343A covering the Granville
Lake Mdp Sheet (West Half) on a scale of one inch equals four
miles. |

The next published geological work providing coverage of
the Fox Mine area was.bva. S. Stanton. I£ was released 1in
1949 as Manitoba Department of Mines and Natural Resources
Repért #48-4. This publication inclﬁded the first detailed
map (inch to half mile) fof the Dunphy Lakes segment of the
Granville Lake Mining District. In this report, Stanton sep-

arated the rocks of the Dunphy Lakes area into the Wasekwan

-‘and Sickle Series, éonsistent with the nomenclature of Norman

(1933) and Bateman (1945). Meta- volcanic and volcaniclastic
rocks composed the former group; immature, presumably younger
metasedimentary rocks composed the latter. Significantly,
Stanton noted several occurrences of coarse garnet-actinolite
-cordierite-chlorite rock that he interpreted as hybrids re-
sulting from impregnation by granitic material. Stanton did
not elaborate on the structure of the Dunphy Lakes area. He
cited the paucity of minor structurés and facing direction

indicators as limiting factors.
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Aspects of Stanton’s report and geological map weré in-
corporated into G.C. Milligan’s (1960) geological compilation
of the Lynn Lake District. This report amplified the litho-
logical and structural complekities of the district.

The first descriptions of the Fox Lake orebody were in-
cluded in the field excursions of the 24th Ihternational.Geo-
logical Congress (Glass, 1972). At this time, the Fox Lake
deposit was descfibed as a steeply dipping,.tabular, massive
sulfide lens enveloped in alteration and apparently conform-
able with the enclosing Wasekwan Series host rocks. Included
in the ﬁangingwall lithologies was a siiver of Sickle Series
arkose. Based on the apparent symmetrical disposition of ore
minerals and alteration assemblages, the orebody was inter-
preted as an epigehetic hydrothermal replacement deposit,
modified by subsequent metamorphism (Glass, 1972).

A more detailed study of the ore petrology and the dis-
‘tribution of alteration lithologies similarly concluded the
orebody was of epigenetic hydrothermal origin (Obinna, 1974).
A study by Turek et al., (1976) of trace metal and major ele-
ment distributions around the Fox Lake orebody did nof reveal
any large-scale dispersion patterns.

In 1976-77, the Fox Mine area was remapped by the Mani-
toba Department of Energy and Mines, Mineral Resources Divis-
ion, as part of a regional updating programme in northwestern
‘Manitoba.' Aspects of this programme included geological map-

ping (Zwanzig, 1978; Gilbert et al., 1980), mineral deposit
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evaluations (Lustig, 1979; Gale et al., 1980) and geochrono-
logical studies (Clark, 1980).

These studies clarified the regional setting of the Lynn
Lake Greenstone Belt (Figure 1), more precisely defined the
relative éges of many of the metavolcanic and metasedimentary
rocks (Clark, 1980) and provided a framework with which to
make stratigraphic correlations (Clark, 1980; Gilbert et al.,
1980). The Fox Lake deposit was described as a volcanogenic
massive sulfide for the first time (Lustig, 1979). Aspects
of this thesis were incorpo;atedAinto a report on the massive
sulfide deposit potential of Manitoba (Gale et al., 1980).
. 1.3 SCOPE OF THE PRESENT STUDY

The present study is a geological and geochemical inves-
tigation of the Fox Lake massive sulfide deposit, prompted by
the imminent exhaustion of the deposit’s mineable réserveé.'
It éncompasses surface and underground observations made by
the author during the past ten years, while in the employ of
Sherritt Gordon Mines Limited. Objectives of the petrological
and structural observations made during this study included;
refining the orebody’s stratigraphic posifion, establishing
the lateral extent of alteration and determining the effects
prodgced by subsequent deformational events.

The boundaries of the surface area mapped for this stuay
approximate a square, three kilometers to a side. The Fox
Lake massive sulfide deposit is centrally located within the

map area (see Map l1). This ground is currently held under



production leases by Sherritt Gordon Mines Limited.

Surface mapping was done on a scale of one inch equals
two hundred feet using existing mine grid cut-lines. These
cut-lines had a longitudinal spacing of two hundred feet and
were tied into latitudinal baselines every two thousand feet.
The longitudinal component of this grid was oriented N030° w,
perpendicular to the strike of the deposit. Surface geology
was plotted on mylars traced from Airquest Surveys’ original§
on a scale of one inch to four hundred feet. A geological
plan map of the‘study area is included in the back jacket of
this thesis as Mab 1.

Underground mapping for this study focused on the lower-
most operating level of the mine: A geological plén of 2800
Level is cited as Map 2. It also reposes in the back jacket.
Tbis iéQeI was mapped in its entirety by the author on a
scale of one inch equals twenty feet with geological features
referenced to survey stations and plotted on a traced copy of
the mine surveyor’s level plan; A simplified geological plan
of 2100 Level is included within the text as Figure 3, to em-
phasis particular structural aspects and to provide a refer-
ence map for some of the geochemical samples listed in Appen-
“dix II. |

In‘areas of limited exposure, extensive use has been made
of surface and underground diamond drill core. Approximate-
ly 10,000 feet (3000 meters) of drill core were relogged by

the author for this study. Cross sections of these holes are
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included as Appendix I with collar locations plotted on Maps
1 and 2. Additionally, two drill holes collared near the
2000 Level shaft station are plotted in plan and included in
the back jacket of this thesis as Map 3.

This report summarizes the whole rock geochemistry of
863 sémples from the study area and listed in Appendix IT.
Major elements are listed as weight percent oxides. Trace
elements‘(Cr, Zr, Rb, Sr, Nb and Y) for 201 of these samples
are included as Appéndix III. Except where noted; all analy-
ses were performed by X-ray Assay Laboratories.

The analyses were used to characterise the 1lithologies
of the Fox Mine area. Ratios of select major oxides and nor-
mative minerals from 160 samples were compared in a chemical
classificatiqn of the metavolcanic rocks. A trace element
classification of the-metavolcanic rocks was attempted using
80 samples. The latter population is a subset of the former
and both are listed in Appendix IV. Thin sections for 120 of
the 863 whole rock saﬁples were made by Coots Petrographic
Limited. Geochemical and petrographic studies were done
while the author was attending the University of Manitoba in

Winnipeg.



CHAPTER 1II
ROCK TYPES OF THE FOX MINE AREA
2.1 REGIONAL SETTING

The Fox Mine area occurs within the Churchill Structural
Province. It is situated near the westefn end- of the more
southerly of two metavolcanic belts (Fig. 1) that constitute
the Lynn Lake Greenstone Belt (Gilbert et al., 1980). Whole
rock Rb/Sr dating of samples from the Lynn Lake Greenstone
Belt has yielded Aphebian ages for deposition, intrusion and
metamorphism (Clark,-iQQO).

The metamorphosed volcanic, volcaniclastic and sedimen-
tary rocks within this belt have been assigned to the Wasek-
wan Group (Bateman, 1945; Milligan, 1960; Gilbert et al.,
1980). This group has been complexly félded, faulted and in-"
truded by mafic to ‘felsic plutonic rocks. The Wasekwan Group
and early intrusions are overlain unconformably by a group of
younger metamorphosed feldspathic sandstones and conglomer-
ates assigned to the Sickle Group (Norman, 1933; Campbell,
1969; McRitchie, 1974; Gilbert et al., 1930). The terms
“Sickle Series and Wasekwan Series’ of Norman (1933) and-
Bateman (1945), respectively, have been replaced by the terms
“Sickle Group and Wasekwan Group’. The nomenclature revision
was proposed by Campbell (1969). It has been adopted by all
subsequent authors. The preferred “Group” ranking is ‘used

throughout the remaining text.
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The Aphebian metamorphic gradient for the western end of
the Lynn Lake Greenstone Belt increased towards the southwest
and achieved amphibolite facies conditions in the Fox Mine
area (Zwanzig, 1977; Gilbert et al., 1980).

The Lynn Lake Greenstone Belt constitutes a segment of a
larger belt of metamorphosed volcanic and. sedimentary rocks
that extends from La Ronge, Saskatchewan in the southwest to
Partridge Bréast Lake in northern Manitoba (Gilbert et ‘al.,
1980). It is bounded on the south by the Kisseynew Sedimen-
tary Gneiss Belt and the north by the Southern Indian Gneiss
Belt. These belts comprise amphibolites, paragneisses and
migmatites and have been interpreted as stratigraphic equiva-
lents of the Wasekwan and Sickle Groups formed in different
depositional environments (Gilbert et al., 1980).

The Kisseynew Sedimentary Gneiss Belt is bounded along
its southern margin by the Flin Flon Greenstone Belt. This
greenstone belt is divided into an Amisk Group that comprises
metavolcanic rocks and a Missi Group that contains immatﬁre
metasedimentary rocks (Bailes, 1971; McRitchie, 1974).

In many respects, the Lynn Lake and Flin Flon Greenstone
Belts aré analagous. An older sequence of metavolcanic rocks
paired with a younger group of metasedimentary rocks charac-
terize these greenstone belts. Both belts possess Aphebian
ages of deposition, sedimentation and intrusion (Sangster,

1972; Bell et al., 1975; Clark, 1980) and host volcanogenic

massive sulfide deposits (Gale et al., '1980; Gale, 1983).
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2.2 LOCAL'SETTING

The Fox Mine area exhibits the topography and physiogra-
phy typical of the Canadian Shield. The area displays little
rélief and rocks are poorly exposed, yielding about two per-
cent outcrop. It is dominated by shallow lakes and muskegs
dotted with black spruce. Intermittently exposed, pine stud-

ded ridges disrupt an otherwise monotonous landscape.
Principal outcrop areas include two east-northeasterly
trending ridges that flankbthe depression formerly occupied
by Poki Lake; a small domal rise west of Fox Lake and isolat-
ed(outcrops along the southwest shoré of Fox Lake and between
Fox and Snake Lakes. Although obscured by the scale of map-
ping (1:4800), most of these exposures occur on or near major
lineamehts._ Markedly linear muskegs, shorelines and outcrop
ridges are manifestations of a structurally controlled topo-
graphy worn down by glaciation. A similar interpretation is

offered for the unexposed breaks along outcrop ridges.
Diamond drill holes have been cored in some poorly ex-
posed areas (see Appendix I, Maps 1 and 3). Cores from drill
holgs FS-23, FS-35, FS-28 and FS-29 provide bedrock coverage
for the eastern and western extensions of the ore horizon.
Cores from drill holes FS-33, FS-34, UF-1886 and UF-2039 pro-
vide similar coverage for the poorly exposed eastern margin
of the tailings disposal area. Trends from ground and air-
borne geophysical surveys were used to extrapolate geological

contacts from exposed to unexposed areas.
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A complete and intact stratigraphic section has not been
recognized within the boundaries of the Fox Mine area. Poly-
phase deformation (see Chapter V) has resulted in repetitions
of some lithologies and conspicuous absences of others. The
degree of exposure is not great and only limited top direc-
tién indicators were observed. 1In spite of these problems it
has been possible to interpret a stratigraphic sequence which

is consistent with the observed relationships among. rock

types and the observed structural evidence. It is presented

in Figure 2. The ensuing discussion addresses the rock types
of the Fox Mine area in an order that is interpreted to be
from oldest to youngest. For previously stated reasons, this
ranking may be described as tenuous at best. Structural com-
Plexities are reflected in stratigraphic uncertainties.

The oldest rock fypes (Units 1 to 4) in the map area are
predominantly metavolcanic rocks and have been assigned to
the Wasekwan Group. Within this group, the porphyritic mafic
metavolcanic rocks (Unit 1) are interpreted to be lowermost.
This unit is'areally extensive and 1lithologically diverse.
It is overlain by the felsic metavolcanic rocks (Unit 2) that
are interpreted to host the.Fox Lake massive sulfide deposit.
They are in turn overlain by the metasedimentary rocks (Unit
3). The contact between the latter rock units is found only
in drill core along the western extension of the ore horizon

(see DDH FS-28, Appendix I).



SICKLE GROUP___ mit 13
' (60 m)
arkosic meta-sandstone |6,

WASEKWAN GROUP
(200 m) :
APHYRIC MAFIC METAVOLCANIC ROCKS @

(informally known as the Tod Lake basalty; Includes
massive and pillowed flows)

. (150 m) '-
METASEDIMENTARY ROCKS - )
(includes feldspathic mudstones and siltstones, with
Intercalated felsic tuff and amphibolite)

(300 m)
FELSIC METAVOLCANIC ROCKS - I@

(informally known as the Snake Lake dacite;
includes massive porphyritic and aphyric flows
of rhyolitic to dacitic composition, dacitic tuff,
altered rocks of dacitic composition and sulfide
lenses) ' ' :

(1500 m)
PORPHYRITIC MAFIC METAVOLCANIC ROCKS @
" |(informally known in part as the Fox Lake porphyritic
basalt and in part as the Fox Mine succession; ;
includes an upper sequence of porphyritic massive
and pillowed basalt flows, aphyric pillowed basalt and
andesite flows and flow breccias and iron formation
and a lower sequence of porphyritic massive and
illowed basalt flows, autoclastic breccia, volcani
clastic and derived sedimentary rock)

FIGURE 2:
ROCK UNITS ENCOUNTERED IN THE FOX MINE
AREA ARRANGED IN STRATIGRAPHIC ORDER.

NOTE (1): |Informal rock names from Gilbert et al, 1980.
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Aphyric mafic metavoléanic.rocks (Unit 4) constitute the
uppermost unit of the Wasekwan Group. It comprises aphyric,
| massive and pillowed basalts exposed along the east-trending
ridge north of the mine and mill complex. Similar aphyric
massive flow rocks are a minor compbnent of the porphyritic
mafic metavolcanic unit.

The Wasekwan Group is overlain by the Sickle Group. A
thin sliver of arkosic meta—sandstone.(Unit 5) 1is the sole
V representative of this latter group. Within the map area, it
overlies the metavolcanic rgcks with apparent conformability.

Treatment of the intrusive rocks (Units 6 ﬁo 9) follows
the description of the Sickle Group. No Stratigraphic, order
is implied for these‘rock types. Most (Units 6, 7 and 9) oc;
cur as relatively small, sill-like bodies and are interpreted
to be synvolcanic. The hornblende tonalite - Qﬁartz diorite
(Unit 8) is a much larger plutonic body. Its aée of emplace-
ment is less certain. |

Rock names that indicate the mode of primary deposition
have been used where possible in the ensuing discussion. Al-
though frequently omitted, the prefix meta- is implied for
all rock types in the Fox Mine area.

2.3 WASEKWAN GROUP

2.3.1 PORPHYRITIC MAFIC METAVOLCANIC ROCKS (UNIT 1)

Flow comprising hornblende-phyric, massive and pillowed
basalts (la-b) with subordinate amounts of aphyric .basalts

(lc) and aphyric andesites (1d) outcrop in the southeastern
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half of the map area. These flow rocks are interpreted to be
the oldest rock types in the map area and to constitute the
basal portion of the stratigraphic section. A lower contact
was not observed. The thickness of the porphyritic basalts
is a speculative subject without this contact. They have an
exposed thickness in excess of 1,500 meters within the map
area. The porphyritic mafic metavolcanic rocks represent a
thick accummulation of flows and flow breccias with a minor
component of derived sedimentary rock. These rock types con-
stitute the lowermost two-thirds of the total stratigraphic
-succession. Considering their areal extent, the porphyritic
mafic metavolcanic roeks are poorly exposed. |

Principal outcrop areas of this unit include a discon-
tinuous ridge that parallels the'north‘arm of Snake Lake; the
southeast shoreline of Fox Lake; the peninsulas separating
Fox and Jam Lakes and the well exposed ridge southeast of the
mine and mill complex. Most outcrops are small (lm to 25m)
and lichen covered. Only segments of individual flows are
exposed on most outcrops.

The porphyritic mafic metavolcanic rocks are diverse
lithologically. Eight subdivisions of this wunit have been
recognized within the map area. These subdivisiong include
massive basalt (la), pillowed basalt (lb), volcaniclastic and
derived sedimentary rock (lg), aphyric basalt (lc), aphyric
andesite (1d), autoclastic breccia (le) and iron formation

(1f). Altered porphyritic mafic metavolcanic rocks (1lh) is
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the subunit term applied to altered rocks of unit 1 without
distinguishing the protolith. Altered andesites and basalts
are most commonly encountered in the stra;igraphic section
directly beneath the massive sulfide deposit or its strike
projection.

These subunits are not uniformly distributed. The map
area underlain by the porphyritic mafic metavolcanic rocks
‘can be divided into two subareas based on the relative pro-
portions of constituent subunits. The boundary separating
these subareas coincides with the lineament defined by the
northern shores of Jam and Fox Lakes. |

Exposures in the southern subarea most commonly reveal
portions of individual flows ﬁhat comprise pillowed basalt
(1b) with subordinate massive basalt (la) and minor volcani-
clastic and derived sedimentary rock (lg). The northern sub-
area comprises pillowed basalt (lb) and aphyric andesite (1d)
in subequal proportions. Autoclastic breccia (le), aphyric
basalt (lc) and iron formation (1f) are minor constituents of
this subarea. Subarea constituent rock types are contrasted
in Table 1.

In addition to these two exposed subareas, subunits of
the porphyritic mafic metavoicanic rocks were encountered in
drill core, where intersections are interpreted to be struc-
tural repetitions. Descriptions of‘these rock typesvare in-
cluded in this section; the structural processes responsible

for these repetitions are discussed in Chapter V.



TABLE 1

SUBUNIT COMPARISON OF THE PORPHYRITIC MAFIC METAVOLCANIC ROCKS BY SUBAREA

Location
Area

Principal rock type(s)
as percentage of area

Subordinate rock type(s)
as percentage of area

Southeast of Fox/Jam Lakes
3.32 square kilometers

Porphyritic pillowed and
massive basalt (la-b) - 80%

Aphyric basalt and andesite
(lc-d) - 15%

Volcaniclastic and derived
sedimentary rocks (lg) - 5%

Northwest of Fox/Jam Lakes
0.35 square kilometers

Pillowed basalt (1lb) - 40%
Aphyric andesite (1d) - 30%

Autoclastic breccia (le) - 15%
Aphyric basalt (lc) - 10%
Iron formatin (1f) - 5%

LT
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2.3.1.1 Massive basalt (la)

The subunit term, massive basalt (la), is used for horn-
blende phyric, massive flow rocks of basaltic compdsition in
which the relationships with other subuniﬁs are obscure or
absent. It includes compositionally and texturally. similarA
autoclastic breccias and subvolcanic sills. Where cross cut-
tiﬁg relationships are not observed (in drill core), the in-
trusive rocks are indistinguishable from massive flow rocks.

Outcroppings of massive basalt (la) are restricted to
subarea 1 (southeast corner of map area), where they are uni-
formly distributed and reéreSent approximately 40% of the re-
corded exposures. Thicknesses of individual massive flows
vary from a few meters to several tens ofv meters. Further
discussion of the massive basa1£ (lai is deferred to the en-
suing subsection where it is reviewed in the context’ of indi-
vidual flow coﬁposition and_morphology.

2.3.1.2 Pillowed basalt (1b)

Individual flow units that contain pillowed segments are
described in this thesis as pillowed basalts (1b). This sub-
unit includes approximately 80% and 40% of the outcrops in
subareas 1 and 2, respectively. Exposures of the pillowed
basalt are uniformly distributed throughout subarea 1. In
subarea 2, they are confined to a 100 to 150 meter thick‘ZOne
that parallels P.R. #396. As summarized in Table 2, signifi-
cant morphological differences exist between the pillowed

basalts from these two subareas.



.TABLE 2

COMPARISON OF PILLOWED BASALTS (1b) BY SUBAREA

_————_—-——_--—————_——-———.-—-——-——--——_——.———-————-————_————._—_-———_—__——————————-———————.——————.—_-—

Exposures of pillowed
basalt as percentage of
total exposures

Pillowed flow constituents
as percentage of individual

flow: ,
- Massive basalt
- Pillowed basalt
- Pillow breccia

Phenocryst content
- Type
- Percentage
- Size
Pillows
- Shape
- Size (diameter)

Vesicles/amygdules

20 to 60%
20 to 60%
0 to 20%

Cummingtonite pseudomorphs
5% : '
5 millimeters

Spheroidal to ellipsoidal
20 to 80 centimeters

Rare

5 to 20%
40 to 80%
10 to 30%

Hornblende pseudomorphs
3 to 4%
2 to 8 millimeters

Amoeboid to loaf-like
30 to 110 centimeters

Common; quartz-carbonate

61



20

Observations of complete flow units with exposed upper
and lower contacts are rare. Where exposgd, these contacts
have chilled margins and appear parallel. This implies indi-~
vidual flows can be regarded as tabular bodies at least for
outcrop scale intervals. Most frequently, flow morphologies
are reconstructions from groups of outcrops. Criteria for
establishing flow directions and lateral continuity of indi-
vidual flows have not been recognized in this subunit.

The pillowed basalts (lb) are morphologically diverse.
Flows commonly show upward internal gradations from massive
basalt through pillawed basalt to pillow breccia. Propor-
tions of constituent rock types vary from flow to flow and
within individual flows. |

Flows in subarea 1 comprise subequal proportions of mas-
sive basalt (includihg autoclastic breccia) and pillowed ba-
salt with minor pillow breccias. Thicknesses vary from 20 to
40 meters. Flows in subarea 2 contain voluminous pillowed
segments with subordinate amounts of massive basalt and pil-
low breccia. Structural disruptions are evident in this sub-
area. Estimated flow thicknesses vary from 10 to 30 meters.

The shapes and sizes of individual pillows also show con-
siderable variation. 1In subarea 1, they vary from subsphe-
roidal to ellipsoidal and range from 15 to 80 centimeters in
their greatest dimension. These pillows are convex upwards
and locally serve as facing direction indicators. In sub-

area 2, the shapes of individual pillows are more irregular,
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varying from amoeboid to flattened loaf-like forms. Pillow
diameters range from 30 to 110 centimeters. Pillows with
downward extending lobes locally provide facing indicators.

Pillows in subarea 1 are poorly vesiculated with massive
cores (Plate 2). They appear molded together with little or
~no interpillow hyaloclastite or sediment. Pillow selvedges
are coarsely recrystallized and vary in thickness from 0.5 to
2.0 centimeters. Pillows in subaréa 2 have highly vesicu-
lated, altered cores (Plate 3). Vesicles are commonly in-
filled by quartz and/or carbonate. Pillow selvedges vary in
thickness from 0.2 to 2.0 centimeters and interpillow sedi-
ment is an essential component. Thin rimmed, isolated amoe-
boid pillows totally enclosed in thick accumulations of un-'
stratified hyaloclastite are common.

The phenocryst contents of pillowed basalts also vary by
subarea. Accordiﬁg to Gilbert et al. (1980), original pyrox-
ene phenocrysts Have been pseudomorphed by aggregates or sub-
rounded clusters of amphibole with an average diameter of 5
millimeters. Pillowed flows in subarea 1 contain approxi-
mately five volume percent phenocrysts that" are uniform in
size and have Been pseudomorphed by cummingtonite. The esti;
mated phenocryst_content of subarea 2 pillowed basalts is
from 3 to 4%. Compared to subarea 1, this lower percentage
reflects the contribution of hyaloclastite to the pillow
breccia segments. Phenocryst size is also more variable in

subarea 2, with diameters ranging from 2 to 8 millimeters.
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Plate 2: Ellipsoidal pillow with massive core and
coarsely recrystallized rim. From pillowed basalt (1b)
of subarea 1. Location - 71260E x 6680N.

Plate 3: Loaf-like pillows with altered, vesiculated

cores and thin selvedges. From pillowed basalt (1b) of
subarea 2. Location - 69920F x 8720N.
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The pillow basalts possess porphyritic to glomeroporphy-
ritic, seriate textures. In thin section, porphyritic aggre-
.gates of cummingtonite (Plate 4) or hornblende (Plate 5) are
seen to be enclosed in a fine-grained, felted groundmass of
plagioclase feldspar with either cummingtonite or hornblende.
The amphiboles conspitute 50 to 90% of individual sections.
Minor constituents include plagioclase, biotite, quartz, cal-
cite and sphene. Accessdry minerals include epidote, seri-
cite; magnetite and pyrrhotite.

2.3.1.3 Aphyric basalt (lc)

Several oﬁtcrops in subarea 2 consist of medium fine- to
fine-grained, greenish-black, weakly foliated, aphyric basalt
(1c). AThe_exposures are situated on the ridge south of P.R.
#396 and to the south and east of the pillow basalt (1b).
Similar rock types were encountered by underground drifting
near the shaft station on 2100 Level  (Fig. 3) and by the
ramp access to 2800 Level (Map 2). These exposures suggest
this subunit is laterally continuous with a minimum thickness
in excess of 30 meters. The aphyric basalt constitutes 5 to
10% of the rock volume of subarea 2. Exposures of the aphy-
ric basalt are not sufficient to detail the distribution of
this subunit. On some outcrops, entrail-like trains of epi-
dote outline lobes within this subunit (Plate 46). Quartz-
filled amygdules occur near lobe margins. Amorphous epidote

blobs occupy the core regions of some pillowlike lobes.



Plate 4: Porphyritic seriate texture in pillowed
basalt(lb). Felted groundmass of cummingtonite and
plagioclase encloses cummingtonite clot. Cross' nicols.

From DDH UF-1886 @ 2413°(736m).

Plate 5: Hornblende- and plagioclase-phyric pillowed
basalt (lb). Groundmass is fine-grained amphibole and
plagioclase. Plane polars. From UF-1886 @ 113°(35m).
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The aphyric basalt (lc) has a subidioblastic texture.
Sections comprise subequal proportions of skeletal hornblende
and plagioclase. Minor phases include diopside, quartz, epi-
dote and calcite. Accessories include sericite and pyrite.
2.3.1.4 Aphyric andesite (14d) -

Flows of aphyric andesite (1d) constitute approximately
40% of the rock volume in subarea 2, but less than 5%.of sub-
area 1. Exposures éf this subunit define a northward thick-
ening wedge. It has a maximum thickness of 200 meters on the
eastern end of the ridge south of the mine complex, the prin-
cipal outcrop area for the aphyric andesite. Lesser occur-
rences are_encouhtered on the peninsula separating Jam and
Fox Lakes; and drill core intersections along strike of the
orebody (FS-23, FS-28 and FS-35).

Thicknesses of individual aphyric andesite flows vary
from less than 5 meters to greater than 20 meters. Approxi-
mately two thirds of this subunit consists of pillowed flow
rocks. The remainder comprises subequal portions of massive
andesite and andesite breccia with a minor tuffaceous compon-
ent. Rock types are laterally and verticélly intergradation-
al within individual flows (Plate 6). Where preseﬁt, massive
aphyric andesite occurs towards the base of flows that have
voluminous, pillowed central portions. Pillow lavas commonly
grade upwards into pillow breccias. Breccias contain isolat-
ed pillows and pillow fragments in an unstratified hyalocla-

stite matrix. Individual pillow size decreases upwards.
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Plate 6: One complete flow within the aphyric andesite
(1d) from subarea 1. Flow comprises massive andesite at
the base (top left), pillowed andesite in the centre and
andesite pillow breccia at the top (bottom right). Pil-
low size decreases and amount of hyaloclastite increases
upwards. Location - 71060E x 5940N.

Primary features, notably pillows and amygdules, are well
preserved in the aphyric andesite and yield flow and facing
direction indicators in several locations. 1In general, pil-
lows are elongate and relatively large, varying from 40 to
250 centimeters in their greatest dimension (Plate 7). Some
possess reentrant selvedges and rounded terminations that
suggest a southwest component of flow direction. Pillows of
the aphyric andesite commonly contain quartz- or carbonate-
filled amygdules that range in size from a few millimeters

(Plate 8) to several centimeters (Plate 7). Amygdules may

account for up to 5% of a pillow’s volume.




28

Plate 7: Elongate pillows with well-defined selvedges,
conspicuous interpillow sediment and raised amygdules.
Blunt pillow terminations indicate facing direction (to
left in photo). From aphyric andesite (1d) in subarea 1.
Location - 71060E x 5890N.

-
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OO M, -
Plate 8: Small amygdules concentrated near pillow mar-
gins. From aphyric andesite (1d) in subarea 2. Note al-
so tightly folded quartz vein below lens cap. Location -
72350E x 8500N.
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Pilléw structures and the internal arrangement of rock
types within individual aphyric andesite flows commonly yield
facing directions. Internal shelves with convex roofs (Plate
9), downward tonguing pillow lobes, and flows that grade from
massive andesite at the base upwards into pillowed andesite
and piliow breccia (Plate 6) indicate the facing direction of
flows in several locations. Early folding has resulted in
local reversals of facing directions.

Outcrops of the aphyric andesite are bleached and mot-
tled. Both fresh and weathered surfaces are greyish-white to
greenish-grey in colour. In general, pillows are light col-
oured with darker cores and rims. Massive portions of flows
are a similar pale, greyish-white. Pillow breccias comprise
pale white pillows and piliow fragments enclosed in a green-
ish-grey to greenish-brown matrix (Plate 10)7 The amount of
matrix material is variable. Pillows in subarea 1 are separ-
ated by 4 to 6 centimeters of hyaloclastite. Pillows in sub-
area 2 commonly have little or no interstitial hyaloclastite.

Massive flow segments and the interiors of pillows and
pillow fragmeﬁts are similar mineralogically and texturally.
All are weakly foliated and comprise essential amphibole (0 -
70%) and plagioclase (30 - 50%). Plagioclase occurs as ag-
gregates of polygonized grains (0.03 -~ 0.1 mm) intergrown
with weakly aligned blades and rhombs of hornblende and cum-
mingtonite (0.04 - 0.1 mm). High proportions of the latter

"amphibole result in a pale, felsic-looking rock.
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Plate 9: Internal shelf showing secondary epidote
replacement in a large, subspheroidal pillow. 1In aphyric
andesite (1d) from subarea 2. Location - 72150E x 8970N.

Plate 10: Pale white, cummingtonite-rich, pillow frag-
ments in a recrystallized [garnet biotite schist] hyalo-
clastite matrix. In aphyric andesite (1d) from subarea
2. Location - 72600E x 8890N.
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Pillow margins are finer-grained, but otherwise similar

to pillow interiors. Interpillow matrix material is coarsely
recrystallized and schistose. Essential minerals include
lepidoblastic biotite (0.02 - 0.1 mm) with subordinate grano-
blastic plagioclase. Micaceous foliae are overgrowﬁ by large
garnet porphyroblasts (up to 2 cm). Pillow breccias comprise
'matrix hyaloclastite and flow fragments. They have textural
and mineralogical features characteristic of both componenté.
The amphiboles (cummingtonité and hornblende) and plagioclase
are essential mineral constituents (Plate 11). Minor and ac-
cessory minerals include biotite, garnet, quartz, épidote,

chlorite, sphene, pyrrhotite and magnetite.

Plate 11: Zoned amphibole poikiloblasts overprinting’
foliation defined by biotite laths. 1In aphyric andesite
(1d) from subarea 2. Plane polarized light. DH FS-35 @
508° (155m).
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2.3.1.5 Autoclastic breccia (le)

Exposures of the autoclastic breccia (le) are restricted
to subarea 2. Numerous small, isolated outcrops (250 meters
south of the headframe) indicate this subunit has an areal
extent in excess of 200 x 300 meters. Exposures of the auto-
clastic breccia along the ridge southeast of the mine éomplex
reveal this subunit to be laterally discontinuous and irregu-
lar in shape. It constitutes 10 to 15% of subarea 2.

Exposures of the autoclastic breccia east of the main
outcfop area are sbatially associated with the aphyric basalt
{lc). Subunit contacts are‘not transitional; most are knife-
sharp struéﬁural discontinuities (Plate 12). The autoclastic
breccia is bounded on the west by the pillowed basalt (1lb).
Outcrop patterns suggest these subunits interdigitate, but
contacts are not exposed. It also occurs near the 2100 Level
crusher station (Plate 15), where it overlies the alteration
zone, but is separated by a fault.

kThe easternmost outcrop of autoclastic breccia interdig-
itates with pillowed flows of aphyric andesite (Plate 13).
Distinctions between aphyric andesite pillow breccias and the
autoclastic breccia are based on fragment morphology. Pillow
breccias contain visible pillow fragments. Fragments of the
autoclastic breccia are aphyric, fine-grained, pale grey, e-
longate and irregularly shaped (Plate 14). The size of these
fragments varies from 4 to 25 centimeters in their greatest

dimension. They are enclosed in a garnet mica schist matrix.
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Plate 12: Knife-sharp contact between autoclastic brec-
cia (le) and aphyric basalt (lc). Fragment curvature in-
dicates sinistral component of movement on structurally
discontinuous surface. Location - 71415E x 8675N.

Plate 13: Elongate, pale grey flow fragments in a mica
schist matrix. From autoclastic breccia (le). Location
- 72410E x 8545N.




Plate 14: Aphyric, pale greyish fragments enclosed in

a garnet mica schist matrix. Large fragment above lens
cap appears folded. 1In autoclastic breccia (le). Locat-
ion 72410E x 8545N.

Plate 15: Pale grey, angular fragments in garnet mica
schist matrix. Note late, low angle fault surfaces. In
autoclastic flow breccia (le). Location: 2100 Level =
70910E x 10150N.
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2.3.1.6 1Iron formation (1lf)

Occurrences of iron formation are restricted to subarea
2. The only known outcrop is located 200 meters north of the
headframe. The other occurrences are known only from drill
‘core. Iron formation intersections include DDH’s FS-23@623°
(190m), FS-28@Q175° (53m), FS-33@100° (30m) and @410° (125m)
and FS-34@500° (152m). The maximum récorded thickness is 15
meters. In FS-33, the presence of iron formation coincides
with the contact between the porphyritic mafic metavolcanic
rocks (Unit 1) and the éverlying felsic metavolcanic rocks
(Unit 2). Elsewhere the stratigraphic position occupied by
the iron formation is less clear. It may be transgressive.
Drill intersections suggest the iron formation occurs as
lenses of limited lateral continuity.

The iron formation is banded, but alternating layers are
irregularly spaced. Discontinuous, isoclinally folded cherty
layers (1 - 2 cm) alternate with thick, coarse-grained, dark
apple-green mafic layers (5 - 10 cm) of ‘unusual composition
(Plate 16), including essential hedenbergite, minor andradite
garnet and accessory gahnite (zincian spinel), pyrrhotite and
chalcopyrite. Megacrysfic méjor constituents show segregat-
ion banding. Magnetite is the principal iron mineral (up to
40%), most commonly occurring as disseminated grains (0.01 -
0.05 mm) in irregular zones approximately coincident with the

mafic layers. Large blebs (up to 5 mm) are less common.
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Plate 16: Discontinuous, isoclinally folded layers of
chert in magnetiferous iron formation (1f). Location =~
71210E x 10205N. ’ ‘ '

2.3.1.7 Volcaniclasfic and derived sedimentary rock (ig)

Three small outcfop areas on'or near the boundary sepa-
rating subareas 1 and 2 comprise reworked volcanic and sedi-
mentary rocks. As indicated on Map 1, outcrop locations in-
clude; the southwest corner of the map areas the 'peninsula
between Jam and Féx Lakes and north of Snake Lake. This sub-
unit (1lg) constitufes less than 5% of the porphyritic mafic
metavolcanic rocks.

There is no apparent continuity between outcrop areas.
Constituent rock types occur as thin, discontinuous interca-
lations within the massive and pillowed‘basalts (la=b) near
their contact with the felsic metavolcanic rocks (Unit 2).

Comparable rock types have not been recognized in subarea 2.
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Constituent rock types include epiclastic breccia, thick
bedded, heterolithic conglomerate and thin-bedded mafic silt-
stone (hyalotuff?). Conglomeratic clasts are well-rounded,
vary in size (2 - 20 cm), locally fine upwards and are matrix
supported. Clasts in the breccia are subrounded, small (0.5
to 5 cm), poorly‘sorted and more abundant than the enclosing
matrix. Breccia matrix and clastsvcontain prominent porphy-
roblasts of cummingtonite (3 - 5 mm). Clasts in the conglom-
erate are hornblende-phyric. Conglomerate and siltstone mat—.
rices are finely comminuted and do not contain phenocrysts.
Primary sedimentary features consisfently indicate northwest
facing directions. Petrographic studies were not done for
. this subunit.
2.3.1.8 Altered porphyritic mafic metavolcanic rocks (1lh)
At several loéqtioﬂé Within the porphyritic mafic meta-
Voicanic rocks, there are irregular, coarse—-grained zones in
which original subunit features have been modifiéd, but are
- still recognizable (Plate 17). The zones are schistose and
contain radiating bundles or bladed porphyroblasts of amphi-
bole (0;5 -10 cm) and sieve-textured cordierites, in addition
to biotite laths and garnet porphyroblasts. Less commonly,
they comprise felted masses of magnesian chlorite overprinted
by large tremolite prisms. The zones possess crosscutting
relationships (Plate 18), which indicates formation by post-
depositional processes. These procesées are interpreted to

be hydrothermal alteration.
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Plate 17: Weakly altered pillow breccia of the aphyric
andesite (ld -h). Clast/matrix boundaries are more dif-
fuse and coarser grained than in unaltered samples. Loc-
ation - 72090E x 9095N.

Plate 18: Aphyric basalt (lc) with crosscutting alter-
-ation. Reconstituted host rock is a coarse-grained an-
thophyllite schist (lh). Location - 71195E x 10150N.
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Occurrences of altered porphyritic mafic metavolcanic
rocks (exclusive of the zone enclosing the orebody) are found
either in drill core intersections (DDH’s including FS-23@
490° (149m) and 1260° (384m), FS-35@865° (264m), FS-28@38°
(12m) and 560° (l171lm), and UF-1886@2450° (747m) or outcrops
in subarea 2. Alteration in subarea 1 is known only from
drill intersections. Cored intervals of altered rock are
short (up to 3 meters) and randomly distributed. The effects
of hydrothermai alteration as observed in drill core and on
outcrops in subarea 2 are registered as- irregularly spaced,
crosscutting zones or semi-confdrmable lenses of coarsely re-
crystallized magnesian mineral assemblages with schistose
textures. Altered intervals are encountered more frequently
with proximity to ore. Alteration aséemblages are more prev-
alent in the pillow breccias and autoclastic breccias (1ld-e).
This association suggests either preferential susceptibility
to alteration processes or the proximity of a hydrothermal
source. |
Altered porphyritic mafic metavolcanic rocks underlie the
massive sulfide deposit and occur glong the strike project-
ion to the east and west. Most rock types in the alteration
zone that envelopes the Fox Lake orebody belong to other rock
units. Further discussion of alteration rock types and pro-

cesses is deferred to Chapter III (The Alteration Zone).
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2.3.2 FELSIC METAVOLCANIC ROCKS (UNIT 2)

Felsic metavolcanic rocks overlie the porphyritic mafic
metavolcanic rocks. Subdivisions of this unit, based on pri-
mary features, include massive porphyritic dacite (2a), mas-
sive aphyric dacite (2b), massive porphyritic rhyolite (2c),
dacitic tuff (2d), altered dacite (2e) and sulfides (2f).
Approximately 8 to 10% of the exposures in the map area are
felsic metavolcanic rocks. This value is similar to the pro-
portion of ﬁelsic rocks in the stratigraphic section.

Exposures of these felsic rocks occur in three distinct

clusters.

The southernmost group of felsic metavolcanic rocks

occupies the wedge-shaped tract between Fox and Jam Lakes and
the tailings disposal area (see Map 1). These felsic rocks
are bounded on the nérth and southeast by porphyritic mafic
metavolcanic rocks. Facing direction indicators in both
mafic and felsic rocks consistently place the felsic rocks
stratigraphically above the porphfritic mafic rocks. The
basal portion of this outcrop area comprises massive
porphyritic and aphyric dacites (2a-b). Massive porphyritic

rhyolite (2c¢) and dacitic tuff (2d) are exposed in the upper

portion. Thickness estimates for the rock column exposed in

this area range from 200 to 400 meters.
The middle outcrop area of felsic metavolcanic rocks 1is
located 200 meters south of P.R. #396 near the bend in the

south access road. This segment is composed entirely of da-
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citic tuff (2d) and has an exposed thickness of less than 10
meters, but the shape and extent are unknown. )

The northernmost exposures of felsic rocks straddle P.R.
#396, approximately 300 meters east of the mine. These out-
crops are the exposed segment of an east-trending belt that
compriées dacitic tuff (2d) and massive porphyritic rhyolite
(2c). As indicated by drill intersections, this belt of fel-
sic rocks‘maintains a constant thickness of 30 to 40 meters
and hosts the Fox Lake massive sulfide deposit.

Primary features used in subdividing the felsic mgtavol—
canic rocks include phenocryst content, textures and gross
morphology. Massive felsic rocks 6ccur as either thin, 1lo-
cally disrupted, laterally continuous flows or thick flows
with no apparent lateral .continuity. Foliated, tuffaceous
rocks are commonly associated with these lew rocks. Coarser
grain size, schistose appearance and the presence of amphi-
bole asterisms differentiate altered felsic rocks from unalt-
ered ones. The boundary between these rock types is somewhat '
arbitrary.

2.3.2.1 Massive porphyritic dacite (2a)

~Low relief, flat domal outcrops of massive porphyritic
dacite (2a) are exposed in the southernmost belt of felsic
rocks. They outcrop 50 meters north of the isthmus that sep-
arates Fox and Jam Lakes. With the exception‘ of a fault-
bounded northern margin, these outcrops define the areal ex-

tent of this subunit. From these exposures, the massive
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porphyritic dacite has an estimated thickness of 100 -meters
and a lateral extent of less than 200 meters.

Exposed surfaces are patchy, lichen-covered and weather
pinkish-grey. The colour is imparted by hematized microfrac-
tures that disrupt and polygonize an otherwise massive, pale
greyish-white quartzéfeldspathic matrix (Plate 19). Incon-

spicuous white feldspar phenocrysts (1 to 3 mm) are common in

this.subunit. Vesicles are rare.
| A thin zone (2 - 3 m), in which the massive porphyritic
dacite occurs as broken, angular blocks (10 - 40 cm), defines
the eastern or lower margin of this subunit (Plate 20) and a
coarse-grained, discontinuous, magnetiferous garnet amphibol-
ite layer defines the upper contact. The blocks are greyish
white and enclosed in a fine-grained, broWnish-grey, foliated
matrix. Thick accummulations of dacitic tuff (2d) mark the
southern limit of this subunit, but the contact between these
rock types is not exposed.
Thermassive porphyritic dacite are fine-grained (0.01 -
0.06 mm) with porphyritic textures, in thin section. Both
plagioclase and quartz occur as phenocrysts. Principal mine-
ral constituents include plagioclase (60%) aﬁd quartz (30%)
as polygonized matrix aggregates. Biotite, as ragged 1laths

(0.1 - 0.2 mm), is the principal mafic constituent. Minor

phases include muscovite, garnet and chlorite.



Plate 19: Massive porphyritic dacite (2a) polygonized
by fracture network. Near upper flow contact where gar-
net porphyroblasts and disseminated magnetite grains are
evident, but feldspar phenocrysts are indistinguishable
from matrix. Location - 70930E x 6980N.

. Plate 20: Basal portion of massive porphyritic dacite
(2a). Large angular blocks separated by fine-grained re-
worked material. Location - 71275E x 7170N.
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Plate 21: Plagioclase phenocryst in matrix of polygon-
ized plagioclase and quartz with muscovite laths defining
foliation. 1In massive porphyritic dacite (2a). Cross
nicols. Location - UF-1886@1428° (435m).

Plate 22: Strained quartz phenocryst and plagioclase
aggregates replacing original phenocrysts in massive por-

phyritic dacite (2a). Cross nicols. Location - FS-34@
5157 (157m).




