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ABSTRACT

Located approximately 40 kilometers south of Okak Bay, the Cirque property lies
within an area spanning 40 km long by 5-10 km wide that contains several localized,
magmatic Ni-Cu sulphide occurrences. With the exception of the OKG prospect located
approximately 35 km north of the Cirque prospect, most of the magmatic Ni-Cu sulphide
occurrences are hosted within Mesoproterozoic varieties of leucotroctolite, leuconorite,
leucogabbro, and anorthosite of the Nain Plutonic Suite.

The Cirque property (LBN, Licence #1764M), so named because the gossan lies
within a 1 km wide cirque, consists dominantly of massive and layered anorthosite and
lesser amounts of leuconorite/leucogabbro and leucotroctolite. Outcrop exposure has
defined the mineralized zone to strike approximatelyl km northwest and dip to the west.
Ground and borehole geophysical surveys have defined a corresponding narrow zone (250
to 300 m wide) plunging steeply to the southeast. Six drill holes at the top and two of six
drill holes at the base of the cirque have intersected sulphide zones of variable widths and
textures. Mineralization consists of massive, net, and disseminated pyrrhotite with minor
chalcopyrite. Trace pentiandite occur as fine flame-lamellae within massive pyrrhotite.

Overall, the metal contents in all of the holes are low (average Ni/Cu = <1, Pd and
Pt values <50 ppb). The best intersection is from borehole LBN-4 (390.35m): 0.28% Ni,
0.44% Cu, and 0.12% Co over 5.1 m. Localized, elevated Cu values were intersected in
several boreholes but were not extensive; the greatest is 3.9% Cu over 20 cmina 1.5 cm
wide sulphide vein @ 923.92 m in borehole LBN-8. Values from neighbouring properties
to the north (Canadian States Resources; Licence #1514M) and west (Noranda Mining and
Exploration Ltd.; Licence #915M) are anomalous; highest values from grab samples are
0.36-0.85% Ni and 1.8% Ni, respectively.

Sulphide mineralization at the Cirque gossan consists of thin, irregular lenses and
stringers, steeply dipping to the west and east, wrapping around and crosscutting iron
stained, unmineralized leucoanorthosite. Fractured and embayed edges of plagioclase
crystals by sulphide minerals at the Cirque gossan suggest thermal erosion of a semi-
crystallized plagioclase-rich fractionate by a Fe-rich sulphide melt which had mobilized
from depth. Although not common, thermal erosion textures have also been reported on
the neighbouring Canadian States Resources property (Licence #1514M). This epigenetic-
style of magmatic sulphide mineralization is important because, although the host magma
for the sulphide mineralization is absent, analyses can still be made based on the geology
and geochemistry of the gossan.

Major and trace element geochemistry of the rocks at the Cirque indicate that the
there are at least two magma sources: one formed anorthosites, leucotroctolite, and
leuconorite/leucogabbro with similar REE signatures and positive Eu anomaly and another,
richer in incompatible elements with a slight negative Eu anomaly, formed the ferrodiorite
dykes which intrude the anorthosites. The parental (or least fractionated) material for the



anorthosites, leucotroctolite, leuconorite/leucogabbro could possibly have a geochemical
composition similar to a clinopyroxenite sample located in talus along the cirque wall.

Isotopic data (ISt = 0.704 to 0.706 and €Nd = -8.76 to -2.72, calculated at 1.39 Ga, and
3%Scor= 2.5 t0 3.0%o) indicate that the crustal contaminants of the magma in the Cirque
area are the Paleoproterozoic Churchill Province gneiss and the Nain Province gneiss. The
Tasiuyak gneiss may also be a possible source, but to a lesser extent. Estimated total
crustal contamination is between 20 to 60%.

Sulphide geochemistry of the Cirque area indicate that the Canadian States
Resources property, Licence #1514M may have a different source magma than that of the
Cirque sulphides, however, the epigenetic-style mineralization on the Noranda “Hilltop”
property suggests that the source of the sulphides may be to the west where pyrrhotite-
bearing pyroxenite sill and dykes have been observed. Low R factors (25 to 100) and PGE
ratios indicate that the initial sulphide melt at the Cirque may have segregated from a
metal-poor magma possibly due to a low degree of partial melting and extensive crystal
fractionation history. Nonetheless, given that extensive zone of localized anomalous Ni
and Cu values, it is still possible that a significant Ni-Cu sulphide occurrence may exist in
the surrounding area.
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CHAPTER 1

INTRODUCTION

1.1 Preamble

Prior to the discovery of the world class magmatic Ni-Cu-Co deposit at Voisey’s Bay
in 1993, very little mineral exploration had been undertaken in northern Labrador. Once
regarded as “sheer desolation, abysmal and chaotic” (Prichard 1911), geological mapping
in northern Labrador by early government geologists and exploration companies was
limited. In 1995, amidst the largest staking rush ever in the history of the province,
Cartaway Resources Corporation acquired several hundred square kilometres of mineral
claims in northern Labrador (Figure 1.1). That same year, Cartaway conducted extensive
geological and geophysical surveys on most of those claims.

The Cirque property (also known as LBN; Licence #1764M) is located in northern
Labrador, within the large Nain Plutonic Suite anorthosite-granite massif which straddles
two Precambrian structural provinces; the Nain and Churchill. Two large gossans (each
approximately 200 m wide and 500 m high) were discovered in a small cirque on the
northwest corner of the property. The most mineralized grab sample yielded assay values
of 0.36% Ni, 0.61% Cu, and 0.12% Co. Neighbouring property owners (eg. Noranda,
Canadian States Resources, Ace Developments) also discovered gossans with anomalous
base metal concentrations. Results from diamond drilling and geophysical surveys at the
Cirque area indicated a narrow (200-300 m wide) conductive sulphide zone (pyrrhotite-rich

1
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Figure 1.1 Claim map from Black Pine Limited (?) showing the vast number of mineral claims in the south Okak Bay area.
Cartaway Resources’ LBN or Cirque property is light purple and outlined in bright yellow in the centre of the map.



with minor chalcopyrite) dipping to the east and plunging to the southeast. Sulphide
mineralization, although sub-economic at this time, is believed to have formed from
orthomagmatic processes, suggesting a potential for a significant (if not economic) deposit
similar in genesis to the Voisey’s Bay deposit. The significance of such a mineralized

occurrence is that it opens up the area south of Okak Bay for further mineral exploration.

1.2 Lecation and access
The Cirque property (LB-N, Licence # 1764M) consists of 72 mineral claims

(1 claim=0.5 km?), 75 km northwest of the town of Nain in northern Labrador (Figure 1.2);
it is located on the NTS 14 E/1 Alliger Lake 1:50,000 scale topographic map sheet. The
study region is situated at the far northwest corner of the property, spanning an area of
approximately 4.5 x 2 km. Regular scheduled flights by Air Labrador between Nain and
Goose Bay allow for easy travel to northern Labrador. Northemn Lights Air Services (turbo
single otter) and Air Schefferville (single otter) provided direct access from Goose Bay
and/or Nain to the Cartaway base camp located at the northeast side of Puttuaalu Lake. The
study area itself can be reached by helicopter from the camp site which is approximately
17 km north northeast. Technical support for the camp was provided by D&J Construction

in Nain and Labrador Expediting Services in Goose Bay.

1.3 Physiography
The study area is mountatnous and rugged, underlain by large, steep sided hills that
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were carved during several Pleistocene glacial events (Green 1974). There is a general
northeast trend of paleoglacial flow determined from drumlins, eskers, and crag and tail
landforms south of Okak Bay (Klassen et al. 1992). However, there is little glacial
information for the area south of Puttuaalu Lake.

The highest and lowest elevations (above sea-level) in the area are 975.61 m and
213.41 m, respectively (Figure 1.3), for a maximum relief of 762 m. The valleys are broad
and flat and contain sand, gravel, and scrub vegetation, with little outcrop. The tops of the
hills are barren with felsenmeer and scree, and virtually no vegetation (Figure 1.4). Over
75% of low relief outcrop is covered by a thin layer (<5.0 m thick) of glacial debris. Intense
weathering of the area has moved and broken much of the existing outcrop.

The study area has been designated as the “Cirque”, but there are two other
neighbouring cirques to the immediate south of the study area. The Cirque itself opens to
the east and contains a crescent-shaped pond that dries up in the summer. Two small
streams from the Cirque run into the pond and another runs from the pond out of the Cirque
to the east. The Cirque floor is small, spanning 0.75 m?, yet it is covered by as much as 50
m thickness of glacial gravel and boulders. The steep walls of the Cirque allow for better
bedrock observation, but only the lower parts are accessible by first climbing a steep talus
slope. The talus slope consists of car-sized boulders all around the sides of the Cirque walls
and at times can be very dangerous for climbing. The tight area within the Cirque has
hampered the drilling programs and has somewhat limited the location of the dnll sites.

In the spring (April-early June) the area is wind swept and snow-covered. Summers

5



&m&vif/\\w \\\\\\

;)/_, /‘k \L
’3 . m.. \

CLAIM BLOCK: LB-N
Cartaway Resources Corporation ;
Labrador
NTS 14E/1
% 6324000N, 541000E
Scale: 1: 50,000




"000'0¥: 1 o1eos Auadoud enbuin ay) buimoys ydeibojoyd jeliey | ainbi




are short (late June-August) with temperatures as high as 27°C, though some snow patches
exist all summer in shady areas. In the fall (Sept'ember-October), temperatures are cooler
with fog and extremely low clouds impeding aircraft flights. Snow begins to fall in early
November. The sharp topographic contrast and closed area of the cirque result in intense
high winds that make flying dangerous. Early spring and fall are the worst seasons, affecting

the drill programs and at times preventing access to the area altogether.

1.4 Previous work

The area north of Nain was first mapped as far north as Okak Bay and as far west as
Tessersoak Lake by E.P.Wheeler II (1942; 1960) in the 1920s. Using dog team and canoe,
he mapped the various mafic and felsic units that comprise the Nain Plutonic Suite (NPS)
and the surrounding country rocks of the Puttuaalu Lake area. The NPS anorthosite was
subdivided into dark facies, pale facies, and buff weathering groups based on the colour of
weathered surfaces (Wheeler 1960). Other rock types observed by Wheeler were
leucogabbronorite, adamellite (pyroxene quartz monzonite; Ryan et al. 1995) and other
granitoids, gneisses, mafic dykes, and pegmatites. Wheeler was one of the first to compare
the geological units of northern Labrador with similar rocks in Norway, Quebec, and areas
of eastern United States and Quebec (Emslie ez al. 1994).

In 1977, as part of his Ph.D thesis, Ranson conducted an east-west transect south of
Okak Bay with subsequent studies on the mineralogy and geochemistry of the rock units in
the NPS, from east of Puttuaalu Lake to the west of Imiakovik Lake, producing the most
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detailed map (1:100,000) for the Alliger Lake-Iglusuataliksuak Lake area (Ranson
1976,1981). Using previous data, a 1:250,000 scale coinpilation map of the area was
produced by Taylor (1971). Ryan (1990) revised Taylor’s map and revisited the area several
times (Ryan 1991; Ryan et al. 1995; Ryan 1996; Ryan and Hynes 1996; Ryan et al. 1997;
Ryan et al. 1998). At present, Ryan and others are revising the map of the northern NPS
based on geochronology and structural re-interpretations. Kerr (Kerr and Smith 1997; Kerr
1997, 1998) has been visiting the area since 1995, recording rock and sulphide textures in
core and outcrop of various properties.

Regiona! lake sediment and water surveys and airborne geophysical surveys have
also been conducted by the Newfoundland Department of Mines and Energy. Lake sediment
geochemical data define background nickel and copper values, averaging 19 ppm and 30
ppm, respectively for the Alliger Lake area; the most elevated values were 56 ppm and 90
ppm, respectively (GSC Open File 1210).  Airborne geophysical surveys, conducted in
1996 and 1997, outlined a small (approximately < 5 km?) high magnetic anomaly, possibly
dipping to the west near the Cirque property. There are also two distinct magnetic zones in
the area; the magnetic Paleoproterozoic plutons and the low magnetic Mesoproterozoic
plutons of the NPS (Ryan et a/.1998).

Emslie and Ermanovics (Emslie and Russell 1988; Emslie and Hunt 1990; Emslie
and Stirling 1993; Emslie et al. 1994; Emslie 1996; Emslie et al. 1997; Ermanovics et al.
1989) of the Geological Survey of Canada have studied areas within and around the NPS,
concentrating mainly on the granitic complexes and Archean gneisses, respectively. Other
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areas within the NPS, not necessarily near the study area, have been studied by numerous
geologists, making significant contributions to the understanding of the NPS. Many of these
studies were of individual intrusions (eg Kiglapait, Newark Island, Barth Island, Hettasch,
Jonathon Island; Wiebe 1987, Wiebe 1985; Synder ez al. 1993; DePaolo 1985; De Waard
1976). Hynes (1997) mapped an area approximately 7 km north of the study area, studying
the petrography and geochemistry of layered mafic units within the NPS. Piercey (1998)
investigated a series of mineralized pyroxenite dykes on Castle Rock’s OKG property south

of Okak Bay and 30 km north of the Cirque property.

1.5 Past exploration programs

Because little was understood about the potential of the Nain Plutonic Suite (NPS)
to host significant magmatic sulphide deposits, plus the lack of accessibility to the area, little
attention was paid to the northern NPS prior to 1995. In anorthosite-adamellite complexes
of northern NPS, several occurrences of magnetite, ilmenite, pyrrhotite, molybdenite, beryl,
and labradorite have been reported (Green 1974). Douglas (1953) and Morse (1969) also
defined local occurrences of magnetite, ilmenite, and pyrrhotite in anorthosite and gabbro
but no detailed follow up work was done. In the early 1970s, Kennco prospected the
Kiglapait Intrusion in which veins and lenticular pyrite, pyrrhotite, and chalcopyrite
mineralization were discovered, however, platinum group minerals were not reported
(Wardle 1996). In 1986, Platinum Exploration Canada Inc. evaluated the Kiglapait Intrusion
(op. cit.). In 1995, on the heels of the Voisey’s Bay nickel-copper-cobalt discovery, several
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exploration companies staked vast areas within the Nain Plutonic Suite, particularly near the
inferred contact between the Nain and Churchill provinces. Various exploration companies
have prospected and drilled discontinuous patches of gossan extending for about 25 km
north and 5 km south of the Cirque property (Figure 1.5). Noranda Exploration Ltd held
property (Licence #915M) to the immediate west of Cartaway Resources’s Cirque (LBN)
property and Canadian States Resources, now High North Resources, held property to the
north of the Cirque property. A couple of kilometres to the south, Ace Developments held
a small mineral block (later owned by Cartaway Resources; Licence #910M), also on a
cirque. On these and surrounding properties, combined helicopter-borne magnetic and
electromagnetic (EM) surveys were conducted, along with ground geophysics (Pulse EM,
MAX-MIN, VLF). On the Noranda and Canadian States properties, diamond drill programs
were conducted in 1995 and 1996 based on geophysical results, grid mapping, and
prospecting of gossanous zones.

On the Noranda property (“Hilltop”; Licence #915M), several smail EM
conductors (maximum strike length of 800 m and 25-75 m wide) were identified on several
grids (Figure 1.6; Squires ef al. 1997). All of these conductors occur in interlayered olivine
gabbro/norite, and pyroxenite, however, the main rock type is anorthosite. Four of
Noranda’s six drill holes intersected significant sulphide mineralization, described as
sporadic massive and semi-massive zones (dominantly pyrrhotite and minor chalcopyrite)
hosted in a discontinuous pyroxene-rich dyke (op. cit.). The highest assay values (0.45% Ni,
0.26% Cu, and 0.14% Co over 0.80 m) are subeconomic. Locally, thin (max 20 cm or less)
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chalcopyrite-rich zones (maximum 1.76% Cu) were recorded (op. cit.). No further work was
done on the property in 1997 although it is still retained by Noranda Exploration Ltd.

On the Canadian States property, a gossan, delineated by an airborne magnetic
survey, is thought to be a NW extension of the Cirque gossan. Assay values were higher
than Noranda’s (up to 1.8% Ni, 0.30% Cu, 0.17% Co; Kerr 1998) with the highest nickel
value being 2.6%. Most of the sulphide lenses on the surface were leached out and drill
holes failed to intersect continuous economic mineralization greater than a few metres. No
further work was done after 1996.

To the south, the Ace Developments property contains one of the highest combined
lake sediment anomalies in the Nain Plutonic Suite (38-46 ppm Ni, 57 ppm Cu, 35-54 ppm
Co; Anon. 1996). In 1996, Ace Developments (Licence #912M) discovered eight sulphide
showings; four of which were massive and extensive, occurring within olivine gabbro in the
south end of the property. The highest grab sample assay was 0.57% Ni, 0.52% Cu, and
0.15% Co. Ground and airborne geophysical surveys were conducted and small anomalies
were located, however, low EM responses made the property a low priority. It should be
noted that most of the property covers a small steep-walled cirque which may have affected
the geophysical results. In 1997, Cartaway geologists did follow up mapping and sampling
with modest results.

Exploration has also been ongoing sporadically since 1995 in the surrounding area
north and south of the Cirque. Eastfield Resources, Pele Mountain Resources Inc., Krinor
Resources, NDT Ventures, Columbia Yukon Resources, Ace Developments, Castle Rock
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Exploration Ltd. have all prospected, mapped, and some have drilled massive anorthosite
and related mafic rock types from north of Nain to south of Okak Bay. Results have been
mainly subeconomic but informative nonetheless. Core samples from Krinor’s (joint
ventured with Castle Rock) and Columbia Yukon’s properties southwest of Puttuaalu Lake
assayed with values as high as 0.5 - 1% Ni and concentrations of >1% Ni were reported
from core on the Pele Mountain property northwest of Puttuaalu Lake. Due to low assays,
low commodity prices, and inaccessibility of the area, many companies have since moved
out or ceased exploration temporarily. Drilling and mapping results, however, suggest the

area may still have the potential for economic magmatic sulphide deposits.

1.6 The Cirque property

The Cirque property (LBN, Licence #1764M) gossan extends discontinuously on
surface for ~1 km and is exposed for about 500 m along the cirque wall. Mineralization
consists of massive, net, and disseminated pyrrhotite with minor chalcopyrite. One of the
highest assays derived from outcrop was 0.36% Ni, 0.61% Cu, and 0.12% Co.

At the Cirque property extensive prospecting, mapping, and geophysical programs
were conducted from 1995 to 1997, mostly on the 5.4 km? grid. Hundreds of whole rock
samples were assayed for nickel, copper, and cobalt and a few for gold, platinum, and
palladium. Several samples were also assayed for whole rock geochemistry.

The drilling program initially began in November, 1995. However, intense winds
and snowfall stranded the drill crew on the top of the Cirque for two days and severely
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damaged their camp and drill rig. In early May 1996, Midwest Drilling restarted and
continued until June, drilling six holes at the top of the Cirque. From August to October,
1996 holes 7-10 were drilled on the Cirque floor. In September, 1997, a third program
lasted for six weeks and holes 11 and 12 were drilled on the Cirque floor. Over 6875 metres
of drill core were obtained. Down hole pulse EM surveys were conducted on only holes 7
to 12, as holes 1-6 were frozen. Sperry Sun measurements of down hole azimuth and dip
were taken for several holes. Frozen and plugged holes that were not measured were
extrapolated from the surface. Hundreds of core samples were assayed for Ni, Cu, and Co.
Magnetic susceptibility readings were taken to distinguish the more magnetic (monoclinic)
pyrrhotite from less magnetic (hexagonal) pyrrhotite. Core is presently stored at the
Cartaway camp site at the northeast corner of Puttuaalu Lake. Representative samples were
kept at the Cartaway office in Pickering, Ontario and at Memorial University in St. John’s.

Out of twelve holes drilled on the Cirque property (Figure 1.7), six drill holes at the
top of the cirque intersected several massive sulphide zones, while at the base of the cirque,
two of six holes intersected massive sulphides. The host to the mineralization is
leucoanorthosite. In all the intersections, assays revealed modest values of nickel, copper,
and cobalt. Chalcopyrite is observed in massive pyrrhotite along contacts with plagioclase
inclusions and anorthosite. Within massive sulphides, chalcopyrite is bleb-like (up to 6 x
0.3 cm) and minor pentlandite lamellae occur within pyrrhotite. On the property, a
geophysically defined conductive and magnetic namrow zone associated with the gossan is
approximately 250 to 300 m wide and dips steeply southeast.
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Other properties owned by Cartaway in the surrounding area (LB-G, CAN12, LB-
HJK) have been prospected and mapped with subsequent discoveries of sulphide
occurrences in anorthosite and leucogabbro. Drill programs were conducted on all
properties with subeconomic results. LB-G has been returned to vendor, but the rematining
and additional properties have been retained for further exploration surveys.

Since 1998, Cartaway Resources Corporation no longer exists and the properties are

no longer owned by the company.

1.7 Orthomagmatic sulphide deposits

Most economic Ni deposits seem to be related to anorogenic magmatism which
occurs during periods of tectonic quiescence. There are several general anorogenic types,
ranging from volumetrically large stratiform complexes with high Ni:Cu ratios to small
intrusions with generally low Ni and Cu. Table 1.1 (summarized from Eckstrand 1996) lists
the types of deposits in anorogenic magmatic environments with examples from around the
world. Figure 1.8 is a plot of the grades and tonnages of these deposits.

The world’s greatest producer of nickel today is a huge sheet-like body in Sudbury
that has the world’s largest concentration of Ni-Cu sulfides which grade 3.5% Ni and 2%
Cu (Naldrett 1994). These deposits have been mined for over 100 years producing
approximately two thirds to three quarters of total world nickel production. It is also the
second largest Canadian copper producer, and one of two Canadian producers of PGE’s and
cobalt. The Sudbury deposit is unique because its genesis is believed to have started as a
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Table 1.2 Size and grade of selected nickel-copper sulphide deposits (affer Eckstrand 1996).

No. Deposit Age Size Ni Cu References
™M) | % %
1 Sudbury, ON Proterozoic 1648 1.2 1.03 | Canadian Mines Handbook 91-1;
Naldrett 1994

2 | Thompson Nickel Belt Proterozoic 89 25 0.13 | INCO Prospectus 1968,
(INCO), MB Naldrett 1994

3 Raglan deposits (6), Proterozoic 18.5 KK 0.88 | Northern Miner 1992, 11-02
Ungava, PQ

4 | Voisey’s Bay, NF Proterozolc 1244 | 1.66 | 0.88 | Newfoundliand Dept. Natural
&LAB* Resources, 1999

5 | Noril’sk-Talnakh district, | Triassic 555 | 2.7 | 2.07** | DeYoungeral 1985;
Russia Naldrett 1994

6 | Jinchuan, China Proterozoic 515 1.06 | 0.67 | Chen & Mingliang 1987;

Naldrett 1994

7 Duluth Complex, USA Proterozoic 4000 0.2 0.66 Listerud & Meineke 1977

8 | Kambalda district, Archean 48 3.6 | 0.25** | DeYoung ef al 1985,
Australia Naldrett 1994

9 Agnew, Australia Archean 46.764 | 2.08 | 0.1** | Biliington 1984

10 | Mt. Keith, Australia Archean 270 0.6 NA DeYoung ef al 1985

* not updated  ** Cu grade approximate  NA not avaiiable
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Figure 1.8 Plot of estimated size and grade of selected nickel and copper
sulphide deposits (from Li and Naldrett 1999). Value given for each deposit
is tonnage @ % Ni. * Table 1.1 lists different fonnages and Ni grades for
some of the deposits due to different sources.
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result of a huge meteorite impact, which penetrated the crust and caused huge volumes of
mafic magmatism to intrude the impact crater which spans approximately 60 x 27 km

(Eckstrand 1996).

1.7.1 The Voisey’s Bay deposit

The Ni-Cu-Co deposit discovered at Voisey’s Bay, Labrador is believed to have
formed as a result of a series of mafic intrusions into sulphur-rich metasedimentary rocks
of the Tasiuyak Gneiss and the enderbitic orthogneiss (Ryan et al. 1995; Naldrett ef al.
1996). The Voisey’s Bay sulphides occur within the gabbro and troctolite varieties of the
Reid Brook Complex, or RBC (Ryan 1996), which is located in the southeast part of the
Nain Plutonic Suite. The RBC consists of granite, anorthosite, gabbro and “leuco” varieties,
ferrodiorite, and troctolite (Figure 1.9; Ryan et al. 1995; Ryan 2000). Ryan (2000) suggests
the abandonment of the term “the Reid Brook intrusion/complex” in light of detailed
mapping results by Diamond Fields Resources and Inco Ltd. geologists and geochronological
studies (Amelin e al. 1997; Li et al. 1998; Lightfoot and Naldrett 1999) in the Voisey’s Bay
deposit area. Two separate troctolitic intrusions, have recently been subdivided from the
RBC: (i) olivine-bearing gabbroic and troctolitic rocks of the Voisey’s Bay Intrusion (VBI;
crystallization age is 1333 Ma; Amelin et al. 1999) which hosts major Ni-Cu sulphide
deposits (Evans-Lamswood 1999) and (ii) the Mushuau Intrusion (MI) which consists of
leucogabbronorite and melanotroctolites of 1317 to 1313 Ma age (Li et al. 2000), a

crystallization age approximately 20 Ma years younger than the VBI (op cit.). Only a few
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Figure 1.9 Geological map of the Voisey’s Bay-Anakitalik Bay area showing

the Voisey’s Bay deposit (including the Reld Biook zone, the Discovery Hill, the
Ovoid, and the Eastem Deeps) located between gneisses of the Archean Nain
Province (east) and the Paleoproterozoic Churchill Province (west). This map is
from Ryan (2000) who modified it from C. Li of the University of Toronto.
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minor Ni-sulphide showings, such as the Sarah showing, have been discovered in the Ml
Intruding the entire area of the VBI are several smaller granitic-syenitic intrusions
of the Voisey’s Bay granite (1305 Ma; Amelin et al. 1999) which are believed to have
resulted in contact metamorphic features throughout the VBI (op cit.). Geochronological
studies of various intrusions throughout the NPS show that the MI is similar in age to several
other intrusions, such as the Kiglapait Intrusion (1306 Ma; Morse 1969), and the Newark
Island intrusion (1305 Ma; Simmons ef al. 1986) and that the VBI is the oldest known

troctolitic intrusion in the NPS (Li e al. 2000).

1.7.2 Mineralization

The Voisey’s Bay deposit consists of five mineralized zones or smaller deposits: (1)
the Ovoid, (i) the Mini Ovoid, (iii) the Discovery Hill Zone, (iv) the Retd Brook Zone or
the Western Deeps, and (v) the Eastern Deeps (Evans-Lamswood 1999; Figures 1.10 and
1.11).

The Ovoid consists of a 500-600 m long by 350 m wide by 100 m deep lens of
massive sulphide beneath 10 to 20 m of glacial overburden (Naldrett et al. 1996; Naldrett
et al. 1997, Lightfoot and Naldrett 1999). The host rock grades from dominantly sulphide-
free olivine gabbro in the center to varied-textured troctolite (VTT), which contains up to
25 volume % gneiss fragments and patches of sulphides (Li and Naldrett 1999).
Ferrodioritic and ferrogabbroic rocks along the margins of the massive sulphides are in
contact with enderbitic orthogneiss (Li and Naldrett 1999; Lightfoot and Naldrett 1999).

Diamond drill-hole intersections from the Ovoid, as large as 104.3 m of massive sulphides,
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Figure 1.10 General geology map of the Voisey's Bay deposit area showing the
surface projection of the Ni-Cu sulphides (from Lightfoot and Naldrett 1999).
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are now believed to be the central part of a large wineglass-shaped massive sulphide body
overlying a layer of fragments consisting of 25 volume % gneissic basement, troctolite,
peridotite, and sulphides known as the Basal Breccia Sequence (BBS; Li and Naldrett
1999). The BBS lies within the sulphide-bearing troctolite which overlies the Archean
plagioclase-biotite basement gneisses. The Mini Ovoid represents the western continuation
of the Ovoid and consists of massive sulphides within a subvertical troctolitic dyke (Evans-
Lamswood 1999).

The Western Extension, lying to the far west of the Ovoid, consists of the Reid Brook
Zone (west) and the Discovery Hill Zone (east) and represents the western extension of the
troctolite dyke for 3.0 km with a thickness ranging from 30 to 100 m (Naldrett er al. 1996;
Evans-Lamswood 1999). The Discovery Hill Zone consists of disseminations and veins of
semi-massive and massive sulphides in a sub-vertical troctolitic dyke (op. cit.). Furtherto
the west, the Reid Brook Zone consists of a steeply dipping troctolitic sheet (45-50°N) which
then shallows to 20°N farther to the east. Mineralization consists of lenses of massive and
disseminated sulphides underlain by the BBS and overlain by troctolite (Upper Sequence
Troctolite; UST) containing disseminated sulphides (Naldrett er al. 1996). The percent of
sulphides in the troctolite increases with depth from <2% to 45-50% within 10-50 m. At
depth, the troctolite known as the “leopard-textured troctolite” (LT), typically contains up
to 50% interstitial sulphides and 10 modal % black oikocrysts of augite or olivine enclosing
plagioclase within a generally yellow matrix (Li and Naldrett 1999).

The Eastern Deeps lies to the east of the Ovoid and consists of a elongate flat-lying
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troctolitic feeder or dyke located distally to the main sub-vertical troctolitic body (Evans-
Lamswood 1999). The Eastern Deeps contains disseminated and lenses of massive and
semi-massive sulphides (greater than 50 x 10 tons of ore grading 1.36% Ni; Li and Naldrett
1997) within troctolite sandwiched between the basal contact of the Reid Brook Intrusion
troctolite with a variable pegmatitic to medium-grained texture (VTT) and the underlying
BBS (Naldrett ef al. 1996; Naldrett ef al. 1997). The entire zone is overlain by barren
intrusive rocks which have insignificant geophysical and geochemical signatures (Kerr
1997). Ferrogabbroic rocks lie along the margin and in contact with the enderbitic
orthogneisses, gabbronoritic gneisses, and quartzofeldspathic migmatites (Lightfoot and
Naldrett 1999). The troctolite outcrops on surface and dips uniformly 25°SE and is intruded
by syenite and monzonite (Naldrett er al. 1996; Li and Naldrett 1999). Typically separating
the BBS and the gneissic country rock is a thin layer of sulphide-poor, inclusion-free
troctolite (normal troctolite or NT; Li and Naldrett 1997). Depth to the top of the massive
sulphide zone is about 600 to 1000 m from surface. The maximum grade of massive
sulphide is1.47% Ni, 0.67% Cu, and 0.07% Co ina 32 m thick zone. Lower grades (0.44%
Ni, 0.22% Cu, and 0.02% Co) occur within a 287 m zone of massive sulphides (Diamond
Fields Resources Inc., press release, November 1995).

Generally, mineralization at Voisey’s Bay is most abundant beneath the UST and
within the top part of the BBS and sulphides increase in abundance with depth from
disseminated to semi-massive (about 50%). Some holes have abrupt intersections of

massive sulphide before hitting the lesser mineralized layer of the BBS. In the Ovoid, the
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massive sulphides consist of about 75% pyrrhotite (monoclinic and hexagonal), 12%

pentlandite, 8% chalcopyrite-cubanite, and 5% magnetite (Naldrett ef al. 1996).

1.7.3 Present model for the genesis of the Voisey’s Bay deposit

The earliest model describing the genesis of the Voisey’s Bay sulphide deposit was
proposed by Ryan et al. (1995) who stated that the first stage in the development of the
deposit was the transport of hot, MgO-rich, relatively unfractionated mafic magma from the
mantle along or near the suture which separates the sulphur-bearing gneissic rocks of the
Nain and Churchill provinces. Since then, there have been many studies done which have
further defined the genetic history of sulphide mineralization of the Voisey’s Bay deposit
[¢f- Naldrett et al. (1996), Evans-Lamswood (1999), Li and Naldrett (1999), Lightfoot and
Naldrett (1999), Ryan (2000), Amelin et al. (2000), Evans-Lamswood et al. (2000), and Li
et al. (2000)]. Others have applied this model for exploration elsewhere [cf. Hoatson et al.
(1998), who compared the Voisey’s Bay deposit with the Sally Malay layered mafic-
ultramafic intrusion, in the East Kimberley, Western Australia].

According to the model, mantle-derived basaltic magma ascended through the
middle lithospheric crust via east-west lineaments produced during the 1.8 Ga collision of
the Churchill and Nain provinces. Basaltic magmatism was also emplaced along deep
subvertical faults which had formed as a result of the domal upliﬁ during the 1.3 Ga
anorogenic magmatic event which formed the Nain Plutonic Suite (R)"an etal. 1995; Evans-
Lamswood 1999).  Continuous pulses of magma along the suture line and series of faults
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(op. cit.) allowed for rapid transport of the magma through the crust with little crystal
fractionation. Once emplaced in a chamber at shallower depths, possibly within a structural
trap (op. cit.), the magma slowly cooled resulting in troctolite and olivine-rich gabbro in the
center and ferrodiorite and ferrogabbro along the margins and in contact with the gneissic
country rock (Ryan ez al. 1995; Naldrett et al. 1996; Evans-Lamswood 1999; Li and Naldrett
1999).

The entire deposit consists of several sulphide bodies which outline the rapid upward
transport and deposition of the sulphides through a series of multi-channeled conduits or
dykes into existing magma chambers (Evans-Lamswood et a/ . 2000). Naldrett ez al. (1997),
Evans-Lamswood (1999), Li and Naldrett (1999), and Lightfoot and Naldrett (1999)
interpret the mineralization of the Voisey’s Bay deposit to consist of two magma chambers,
one stratigraphically lower than the other, separated by a ~ 1km long conduit. As a result
of tectonic displacement along several east-west trending sinistral faults and NW and NE
brittle conjugate fault sets (Evans-Lamswood 1999), several “windows” of the deposit
formed, enabling better definition of the deposit. Figure 1.12a illustrates the different
erosion levels which have either exposed or removed significant overburden in several areas
of the deposit. Figure 1.12b is a plan view of the deposit (from Lightfoot 1997, 1998;
Lightfoot and Naldrett 1999) showing the two magmatic chambers, Eastern Deeps, and the
Reid Brook Zone, which are interpreted by Li and Naldrett (1999) to be the upper chamber
and the top of the lower chamber, respectively. Evans-Lamswood (1999) interprets the
Western Deeps (or Western Sub-Chamber; Lightfoot and Naldrett 1999) to be the lower
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Figure 1.12a Cross section of the Voisey's Bay Ni-Cu-Co deposit showing
the Eastern Deeps, the Ovoid, and the Western Extension (from Naldrett
et al. 1996; Lightfoot and Naldrett 1999).
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Figure 1.12b Schematic plan view model of the Voisey's
Bay deposit showing the conduit, Ovoid, Eastern Deeps,
and Western Subchamber at various erosion levels (from
Lightfoot 1997; 1998, Lightfoot and Naldrett 1999).
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chamber. The Ovoid represents the base of the Eastern Deeps intrusion or the upper
chamber (Naldrett ef al. 1997, Li and Naldrett 1999) and the Mini-Ovoid represents the
point at which the feeder connecting the two chambers enters the upper chamber (Lightfoot
and Naldrett 1999). The Discovery Hill Zone represents a cross section of the feeder
between the two chambers, the Western Extension represents a deeper part of the intrusion,
and the Reid Brook Zone represents the top of the lower chamber (Li and Naldrett 1999).
Breccia sequences consisting of various Nain and Churchill province gneisses, interstitial
sulphides, and troctolitic and ultramafic inclusions occur along the basal contact in every
zone indicating a high velocity of mafic magma.

The transfer of hot mafic (and possibly ultramafic) plumes from the mantle resulted
in extensive dilatency of the zones of weakness and the formation of the core of a basin-like
structure at depth (Evans-Lamswood 1999). The driving force of the upward movement
along these conduits was continuous surges of relatively fresh magma from depth;
movement continued until the magma slowed down or became trapped (Ryan er al. 1995;
Evans-Lamswood 1999; Lightfoot and Naldrett 1999; L1 and Naldrett 1999). Continued
heating of the area led to further dilatency and the formation a graben-like structure,
establishing further structural traps for sulphide deposition (Evans-Lamswood 1999). The
first chamber for magma pooling was the Western Deeps. The Eastern Deeps, representing
a stratigraphically higher chamber, is located at the core of the basin-like structure (op. cit.).
The Ovoid formed as a result of west-directed extension of the floor of the Eastern Deeps
chamber (op. cit.).
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It is currently thought that sulphides formed after the first ‘wave’ of mafic magma
was emplaced (Ryan et a/. 1995; Li and Naldrett 1999; Lightfoot ard Naldrett 1999; Evans-
Lamswood 1999). Evidence of variable Ni contents in olivine within the olivine gabbro and
NT, VTT, and BBS in the first large intrusion and the Feeder Troctolite, and the
mineralized troctolite and BBS in the conduit, suggest that initial magmatic pulses
crystallized Ni-depleted olivines indicating sulphide segregation occurred prior to
emplacement at the present level. Subsequent pulses up the feeder Were sulphide-
unsaturated and crystallized Ni-undepleted olivines (Li and Naldrett 1997). The sulphur
content increased due to assimilation of the sulphur-bearing Tasiuyak Gneiss, and to a lesser
extent the Archean Nain Province (Emslie ez al. 1994; Ripley et al. 1999). Because sulphide
saturation had not been reached prior to, or during, crystal fractionation, olivine scavenged
Ni from the magma resulted in the first magma pulses forming forsteritic troctolite and
gabbros in the lower chamber (Westemn Deeps; Evans-Lamswood 1999; Li and Naldrett
1999). Subsequent magma, rich in metals and sulphur, pushed the existing metal-poor
magma ahead and upwards through a feeder and into another chamber (Eastern Deeps),
approximately 1 km above the first chamber (Li and Naldrett 1999; Evans-Lamswood 1999);
the Ovoid was filled with sulphide material as the magma pushed even further to the west.
Sulphide saturation is thought to have resulted from the ingestion of significant amounts of
sulphur from the surrounding country rock, however, felsification of the magma by
incorporation of SiO, from the silica-rich gneisses may have also played a role (Ripley 1999;
Ripley et al. 1999). Sulphide segregation occurred in the Reid Brook subchamber and the

32



sulphides were then moved upwards through the conduit to the overlying Eastern Deeps
subchamber (Li et al. 2000).

The velocity of the sulphide-laden magma as it enters the lower chamber was high
and so the semi-crystallized Ni-rich olivine-bearing fractionated melts and xenoliths of the
gneissic country rock were carried forward and deposited in topographic lows and
embayments along the way (Evans-Lamswood 1999; Li and Naldrett 1999; Lightfoot and
Naldrett 1999). Sulphides, being denser than the silicate material were deposited first
within the feeder connecting the two chambers and near the mouth of the feeder in the top
chamber (Ryan er al. 1995; Evans-Lamswood 1999; Li and Naldrett 1999; Lightfoot and
Naldrett 1999). As with a fast flowing river carrying sediments, the sulphides formed
laminar deposits where the velocity of the magma decreased (op. cit.). If ever the flow
velocity decreased during the mineralization deposition event, the sulphides settled
backdown into the feeder at depth to be subsequently pushed upwards with later, fresh, high
velocity magma, resulting in mixing of fresh and older magma. Continuous influxes of
chalcophile elements most likely contributed to an elevated tenor (Naldrett et al.1996;
Evans-Lamswood 1999). Initial magma pulses which entered the Eastern Deeps subchamber
formed the Normal troctolite and Varied-textured troctolite (Li ef al. 2000). Sulphides from
these magmas formed the disseminated mineralization and subsequent reactions with fresh
magma resulted in greater Ni, Cu, and PGE contents than the earlier massive sulphides in
the conduit (op cit.).

Subsidence of the magma pulses caused the crustal rock to fracture upon cooling.
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Any remaining sulphide liquids were pushed upwards through the choked conduits and
inward through the newly formed fractures in the country rock (Evans-Lamswood 1999).
The lack of sulphide mineralization north of the Eastern Deeps suggests a pinching of the
feeder resulting in the sulphide melt moving laterally along fracture surfaces forming the

deposit structure of the Eastern Deeps feeder (op. cit.).

1.8 Purpose

The main purpose of this project is to study the previously unknown magmatic
sulphide occurrence at the Cirque property and to evaluate its economic potential.
Considering the attention that the northern NPS has received the last few years, such a
comparison will greatly enhance future interpretations of magmatic sulphide mineralization
by exploration companies in the northern NPS.

The world class magmatic Ni-Cu-Co+PGE sulphide deposits at Voisey’s Bay are
located approximately 80 km south of the NPS-hosted gossan at Cartaway’s Cirque
property. Intersections of the gossan on the Cirque property indicate that the sulphide
mineralization is less extensive and contains subeconomic base metal values compared to
the Voisey’s Bay deposit. There are, however, some significant features in common
between the Voisey’s Bay deposit and the Cirque mineralization. Both are located within
the NPS, and mineralization is hosted in coalesced magmas of anorthosite-norite-gabbro-
leucotroctolite lithologies. Both areas are proximal to the northwest-trending cratonic
suture separating the Archean Nain Province and the Archean and Paleoproterzoic rocks of
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the Churchill Province; this tectonic location is important as a structural weakness for the
intrusion of the magmas and also a sulphur source for magmatic sulfide mineralization.
Interpretations of the assay values and textures of the mineralized zones in drill core
at the Cirque property suggest that at least a portion of the sulphides within the horizons
have been remobilized and that there may be more sulphides at depth, possibly a nickel-rich
‘restite’ at lower depths (F.P.F. Resources 1996). It is believed that the separation and
accumnulation of sulphide minerals in the mafic silicate magma occurred at depth and that
mobilization of the sulphides took place after semi- to complete cooling of the parental
mafic igneous intrusion. Pervasive erosion of plagioclase crystals and leucoanorthosite
inclusions, crystals cross cut by pyrrhotite veins on a macro-scale, and brittle fracturing on
a micro-scale support the idea of sulphide remobilization from a magmatic source below.
Presently, the geology of the area south of Okak Bay is being re-interpreted and
plutons are being reclassified as either Late or Middle Proterozoic. A detailed examination
of the geology and geochemistry of the Cirque will add to these re-interpretations of the
northern Nain Plutonic Suite. More importantly, however, the results from this study will
greatly contribute to the understanding of the geology and sulphide mineralization of the

Cirque gossan and surrounding area.

1.9 Scope
Interpretations of the geology were completed using a 1:5000 scale grid map, twelve
diamond drill logs, plus local and regional maps. Samples were collected during grid

35



mapping and core logging. Holes 1-5, originally logged by a previous geologist with
Cartaway Resources, were re-logged by the author for consistent descriptions of the units
and mineralization in the twelve holes. Petrographically examined polished thin sections of
sulphide-poor and sulphide-bearing rocks, as well as detailed observations of hundreds of
selected core samples, illustrate the varnety of host rock and sulphide textures present.
Whole rock and Ni-Cu-Co and PGE assay data from Cartaway’s rock and core samples, plus
geochemical data derived from additional rock and core samples collected later by the
author were incorporated to produce a large database of trace and major element analyses
(XRF and ICP-MS). At Memorial University selected core samples (rock and pulps) and
hand samples of both sulphide-poor and sulphide-bearing rocks were assayed for major and
trace elements, including Ni, Cu, Co, and PGE. Plagioclase, olivine, orthopyroxene,
clinopyroxene, ilmenite, and magnetite were analysed using electron microprobe techniques
to determine cumulate geochemistry of the rocks. Pyrrhotite, chalcopyrite, and pentlandite
of mineralized samples from the Cirque property and other mineralized gossans throughout
the NPS were also analysed using electron microprobe to determine sulphide geochemistry.
Sulphur isotope analysis determined the sulphur source for sulphide mineralization and
Sm/Nd and Rb/Sr isotope analyses indicated the magma source of the mafic units. Inall,
this thesis is a through investigative approach toward evaluation of a newly discovered

sulphide occurrence.
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CHAPTER 2

REGIONAL AND LOCAL GEOLOGY

2.1 The geology of the Torngat Orogen, Churchill Province and Nain Province

The geology of northern Labrador consists of the Nain Province to the east and the
Churchill Province (or Trans-Hudson Orogen) to the west (Figure 2.1). The Churchill
Province consists of reworked Archean orthogneiss and migmatite units with
Paleoproterozoic intrusive and supracrustal rocks. Its inner Archean core is known as the
Rae Province (Hoffman 1988; Wardle and Wilton 1995). The Nain Province consists of
Early to Late Archean (3.8 - 2.7 Ga; Ryan 1991) tonalitic to granodioritic orthogneiss and
lesser granitoid rocks; the metamorphic grade ranges from greenschist to upper amphibolite
(Xue 1992). Following a period of extensive mafic dyke intrusion between 2300-2100 Ma
(Ryan 1991), the gneisses were eroded and then overlain by Lower Proterozoic supracrustal
sequences of the Mugford and Ramah groups (Wilton 1996).

Circa 1.85 billion years ago the Nain Province collided with the Churchill Province,
producing the Torngat Orogen. Rivers and Mengel (1994) propose an eastward subduction
of the Rae Province, however, Van Kranendonk and Ermanovics (1990) and Bertrand et al.
(1993) suggest a westward subduction of the Nain Province. The suture between the Nain
and Churchill provinces is a linear segment of metamorphosed and deformed flyschoid
deposits from both the Rae and Nain provinces (Wardle et al. 1995). Dominant structural
features imparted by the Torngat Orogeny include fold axes and faults with general
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north-northeast trending foliations, particularly along the margins of the Nain and Churchill
provinces.

Within the Nain Province there are two distinct lithotectonic areas: the Saglek Block
and the Hopedale Block, which are separated by Mesoproterozoic plutonic rocks of the Nain
Plutonic Suite. The Saglek Block (3.35 - 3.31 Ga; Wilton 1996) comprises the northern part
of the Nain Province and consists of high grade gneiss with Archean to Early Proterozoic
supracrustal sequences. Variably deformed and metamorphosed Paleoproterozoic
anorthosite to ultramafic intrusions are present within the gneiss terranes. The Hopedale
Block (3.2 - 3.1 Ga; Wilton 1996) consists dominantly of tonalitic Maggo Gneiss and
tholeiitic Weekes Amphibolite with the Hunt River and Florence Lake greenstone belts
(Wilton 1996). The tonalitic-trondjhemite-granodiorite rocks of the Kanairiktok Intrusive
Suite, yielding a U/Pb zircon age of 2858+4/-3 Ma (Loveridge et al. 1987), represent the

final plutonic activity in the Hopedale Block.

2.1.2 The Torngat Orogen

The Paleoproterozoic Torngat Orogen is a deep seated suture zone dipping steeply
to the east separating the generally nonmagnetic Churchill Province to the west from the
generally magnetic Nain Province to the east. The Torngat Orogeny marks a period of
oblique coliision between the Nain and Churchill provinces and subsequent deformation as
a result of sinistral shearing and crustal thickening along the collisional zone (1860 - 1740
Ma; Bertrand et al. 1993). The Torngat Orogen includes the Torngat Mountain Range and
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extends from the northern-most Labrador to approximately 450 km southeast, ranging from
15 to 40 km wide. From west to east, the Tomgat Orogen (Figure 2.2) consists of the (1) Lac
Lomier Complex, (ii) the Tasuiyak Gneiss Complex, (iii) the Burwell Domain, and (iv)
reworked units along the foreland of the Torngat Orogen that lie within the Nain Province
(Wardle et al. 1995).

The Lac Lomier Complex consists of Archean granitoid gneisses which are adjacent
to those of the Rae Province. These gneisses were later deformed along with Early
Proterozoic rocks and then intruded by orthopyroxene-bearing tonalite to granodiorite
plutons, thought to be coeval with 1877 = 1 Ma plutons (Bertrand et al. 1993) in the
Tasuiyak Gneiss Complex.

The Tasutyak Gneiss Complex is parallel to the suture zone and consists of late
Archean - Early Proterozoic accretionary wedge flyschoid material along the eastern margin
of the Churchill Province (Scott and Machado 1994a; Wardle et al. 1995) that was reworked
to form a distinctive, low magnetic, 30 km wide zone of gamet-sillimanite-biotite-graphite
quartzofeldspathic gneiss ( U/Pb zircon,1877 + 1 Ma; Bertrand et al. 1993).

The Abloviak Shear Zone (ASZ), located along the eastern side of the Tasuiyak
Gneiss Complex, is a linear zone of highly metamorphosed (granulite grade) and deformed
units formed by sinistral shearing along the provinces’ margins and oblique tectonic
collisional deformation (Wardle et al. 1995). The ASZ represents the final emplacement of
the Nain and Rae Provinces at 1845 - 1820 Ma (Bertrand et a/. 1993; van Kranendonk and
Wardle 1994, 1997; van Kranendonk 1996) with the last sinistral strike-slip movement
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occurring at 1.73 - 1.75 Ga (van Kranendonk 1996).

The Burwell Domain, thought to have originated as the roots of a magmatic arc
(Wardle er al. 1992), consists predominantly of Early Proterozoic charmockite
(orthopyroxene-bearing granite) and amphibolite facies diorites, tonalites and granites which
intruded the Tasuiyak Gneiss Complex and contain enclaves of Archean (Campbell 1994)
mafic granulite and orthogneiss (Wardle ef al. 1993). Intrusions of metatonalite (U/Pb
zircon age of 1869 +3/-2 Ma) and megacrystic granite (minimum U/Pb zircon age of 1864
+ 2 Ma) are present within the Burwell Domain and the Nain Province (Scott and Machado

1994, 1995).

2.2 The Nain Plutonic Suite

Following a period of tectonic quiescence, an extensive Middle Proterozoic episode
of repetitive, multi-phase mafic to felsic plutonism (Emslie and Hunt 1990; Ryan 2001)
developed parallel to the suture zone ca. 1350-1290 Ma (Ryan and Emslie 1994; Ryan et al.
1995). Spanning from northern to central Labrador, during a 60 million year period of
anorogenic magmatism (Ryan et al. 1997), huge volumes of granitoid to mafic magma
intruded the Nain-Churchill-Grenville crust above a mantle hotspot to depths of about 6 to
14 kin (Berg 1979; Emslie ef al. 1994) and coalesced to form stitching plutons and large
batholiths. ~ Although a plume-related source is the most popular method of magma
transport, Amelin ef al. (2000) suggest lithospheric thinning due to extension along a pre-
existing line of weakness may have resulted in magmatic intrusions. The resultant plutons
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were generally unaffected by succeeding tectonism, however, uplift and erosion of the
Elsonian plutons occurred shortly after emplacement (Emslie 1978). Like the Harp Lake
Intrusive Suite, it is thought that the NPS may have been uplifted as a result of crustal
thickening from huge volumes of magma emplaced in an extensional environment (Amelin
et al. 2000). Basaltic dykes, which crosscut all of the granitic and mafic intrusions within
the NPS, are thought to be about 50 million years younger than the main NPS magmatic
event (Carlson ez al. 1993), and support the idea of crustal thickening, uplift, and erosion of
the intrusions within the NPS (Wiebe 1985; Amelin ez al. 2000). Field relationships,
geochemistry, and isotopic data suggest that the dykes represent the precursor material from
which the NPS magmatism was derived (Amelin et al. 2000).

Intrusions located south of the Grenville Front, in what is now southern Labrador,
were subject to deformation and metamorphism as a result of the Grenvillian and
Labradorian orogenies. Overall, this period of plutonism is thought to be a northern
extension of the mafic-granitic plutonism which intruded the crust from as far south as the
Adirondacks in eastern North America (Xue 1992; Figure 2.3).

As a complete package, the NPS spans an area of over 19,000 km? (Emslie et al.
1994), from south of Okak Bay to north of the village of Hopedale and from islands off the
east coast to about 100 km inland on the west side of the Nain - Churchill suture zone
(Figure 2.4). The NPS consists of anorthosite - mangerite (Le. orthopyroxene-bearing
monzonite) - chamockite (i e. orthopyroxene-bearing granite) - granite (AMCG) suites whose
intrusions were focused along the cratonic suture zone between the Nain and Churchil |
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45




provinces. Ryan (1990) subdivided the NPS into four main rock types in order of decreasing
volume: (1) anorthosite rocks which include norite, leuconorite, anorthosite, and some
gabbroic and troctolitic variants, (2) troctolite rocks which include predominantly troctolite
and olivine-bearing gabbroic layered intrusions, (3) iron-rich gabbroic-dioritic rocks and
related compositions, and (4) granitic rocks which include granite, monzonite, syenite, and
monzondiorite. The mafic units, which are generally interlayered (particularly anorthosite
and leucogabbro / leuconorite) with gradual contacts as a result of continuous fractional
crystallization and replenishment from the magma source below (Wheeler 1960), consist of
coarse-grained, cumulate plagioclase with variable percentages of coarse-grained, cumulate
pyroxene (dominantly hypersthene and augite) and with or without significant oxide
minerals. Local layering of pyroxene crystals and feldspar laths occurred as a result of
crystal settling during fractional crystallization. Mineral foliation, seen locally in pyroxene
and plagioclase crystals, may also be due to magmatic squeezing and crystal alignment of
a moving magma body at the time of slow crystallization. Aligned minerals in plutonic
bodies observed near contacts with the continental crust are thought to have formed as a
result of stress and strain during magma emplacement (Ryan 1991).

There are several distinct intrusions within the NPS that have been studied in varying
degrees of detail. Each large intrusive body has distinct geochemical and structural features
(e.g.. geological units, igneous layering, foliations, chilled margins). One in particular is the

Kiglapait Intrusion (KI), a lopolith underlying the Kiglapait Mountains northeast of Nain,
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which consists of a series of rhythmic and graded layening of troctolite, gabbro, ferrodiorite,
monzonite, and syenite plutons (Morse 1979, 1994) that form a huge layered, concave
intrusion spanning an area of approximately 560 km’ by 8 km wide and ~ 9 km thick (Figure
2.5). The KI formed as the result of a single injection of high alumina, low-K tholeiitic
magma with little contamination (Morse 1969,1979a,b; Wardle 1996) and was emplaced at
1306 = 2 Ma (U-Pb zircon dating by Krogh quoted by Yu and Morse 1992). Morse
(1969,1979a,b) estimates the full crystallization time of the intrusion was about 1 million
years. The KI, unique in terms of the NPS as metal-sulphide fractionation and accumulation
within the parental magma of a closed system, formed several sulphide layers, one being the
“Main Ore Band” (Ryan et al. 1995). As such, the KI has been an area of interest for its
Platinum Group Element (PGE) potential since 1970s. As early as 1995, it was being

explored by Archean Resources Ltd. for Ni-Cu-Co and PGE sulphide mineralization.

2.2.1 Model for the evolution of massif-type anorthoesite and related rocks

Massif-type anorthosites typically occur as large (surface areas up to 30,000 km?)
Mid-Proterozoic (1.7 - 0.9 Ga) batholiths often intruding high grade metamorphic terranes
(Ashwal 1993; Taylor et al. 1984; Scoates and Mitchell 2000). Their general geochemical
natures consist of intermediate plagioclase compositions (An,.), Mg/(Mg+Fe) ratios
between 40-50, Rb depletions, very low Rb/Sr ratios, and enrichments in Eu and other rare
earth elements (Taylor ef al. 1984). Radiogenetic isotope data indicate low initial ¥ Sr/*Sr
ratios ranging from 0.7025 t0 0.7070 and €Nd values varying from enriched (-6) to depleted
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(+4; Taylor ef al. 1984).

Several models have been proposed over the years to explain the huge volumes of
plagioclase-rich melts that these massifs represent; see Ashwal (1993) for a brief summary
of some of these ideas. One of the more popular genetic models includes the following
generic features: anorogenic emplacement of a mantle plume into the lower crust,
fractionation of a parental magma [possibly an Fe-rich tholeiite (Ashwal 1993)], anatexis
of the most lower crust leading to residual anorthosite, and emplacement of the anorthosite
massifs at intermediate to shallow crustal levels (Emslie er al. 1994; Ashwal and Wooden
1983; Taylor et al. 1984; Fountain et al. 1989). Debate is ongoing over various aspects of
this model, such as the depth of emplacement, the significance of lower crustal anatexis, and
the possibility that the anorthosite melt evolved from crustally-derived granitoids (Ashwal
1993). Ashwal (1993) claims that the depth of emplacement of the anorthosites was
intermediate to shallow citing thermobarometric evidence from contact aureoles which
indicates emplacement at depths of 6-14 km for the Nain anorthosites (Berg 1977a,b; 1979)
and at temperatures of 1100-1000°C and pressures of 3 kbar [based on pyroxene
thermometric studies by Ranson (1986)]. Crystallization conditions of associated
monzosyenites of the Laramie anorthosites also indicate emplacement depths of 10-15 km
(Fuhrman et al. 1988; Kolker and Lindsley 1989; Grant and Frost 1990).

Although there can be considerable variation in composition and texture of the lower
crustal rocks (which would affect permeability and heat transfer through crustal matenal),
heat flow of the mantle plume, and contact areas of the mantle matenial in different
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anorogenic settings, the heat source would have to create over 20% silicic anatextic melt in
order to produce significant felsic magmas (Fountain et al. 1989). Taylor et a/. (1984)
proposed two sources for such heat: (i) radioactive decay of U, K, and Th and (ii) hot mantle-
derived material below the crust. Since segregation of the felsic melt from the crust will
actually result in a loss of these heat-producing elements from the lower crustal rocks,
Taylor et al. (1984) conclude that it is not possible for the heat to be maintained for extended
periods at the base of the crust. Thus, they proposed that either a mantle “hotspot™, or a line
plume, was the heat source for the NPS-style granitic plutons (op. cit.). The widespread
emplacement of AMCG suites along the eastern side of North America suggests that there
was extensive (several hundred million years) mantle plume-lower crust interactions at
temperatures exceeding 1300°C (Taylor ez a/. 1984).

Based on radiogenic dating and structural emplacement of plutonic phases, the NPS
is believed to have initially intruded to the west and south first and with intrusions moving
progressively eastward (Hamilton 1994). According to the latest genetic model (Figure 2.6)
proposed by Emslie et a/. (1994) and Emslie and Hegner (1993), after a period of extensive
rifting and crustal thinning, magma from 2 mantle plume or hotspot accumnulated at the base
of the crust resulting in crustal anatexis with the subsequent production of felsic melts
(Emslie 1978, 1985; Morse 1982; Duchesne 1984). These magmas moved upward, intruding
the relatively undepleted continental crust and producing water-undersaturated granitoid
melts of chamockitic - mangeritic - adamellitic (i.e. quartz monzonite) - granitic
compositions. Anatectic granitoid melt formation and its subsequent removal from the base
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of the continental crust left behind a dehydrated, plagioclase-pyroxene-enriched granulite
residuum which would play an important role as a contaminant to later pulses of uprising
mantle magma (Emslie and Hegner 1993; Fountain et a/. 1989; Emslie et al. 1994). The
residuum Is thought to have been depleted in SiO,, Rb, Ba, Zr, Pb, U, REE (particularly
LREE) and enriched in those elements compatible with the plagioclase and pyroxene of the
residue (Ca, Al, Mg, Sr, Eu, and Ti). The inherently low Rb/Sr ratios in the residuum,
therefore, would be reflected in the initial ®’Sr/**Sr ratios of the resulting contaminated
anorthositic and mafic rocks (Taylor et al. 1984).

Evolution of mafic intrusions through assimilation of the partial melt residue,
proceeding granitoids, and country rock by mantle-derived magma would be very efficient,
since the residue would probably be at temperatures in excess of 900°C (Emslie er al. 1994).
Continuous pulses of mantle-derived basaltic magma maintained the elevated crustal
temperatures to granulite grade allowing for mantle-derived, fractionated, plagioclase-
pyroxene-rich mafic magmas to accumulate at the base of the crust (Emslie ez al. 1994).
In a thermally maintained environment (i.e. elevated temperatures in the surrounding crust
and granitoid intrusions) with an extended period of contamination and subsequent crystal
fractionation of the Al-rich basaltic magma, a large volume of plagioclase-rich anhydrous
liquid (i.e. anorthosite) would be produced (op. cit.). The anorthositic magma (>50% large
uniformly sized plagioclase crystals) accumulated and either floated to the top of the magma
chamber or remained in place as thick layers of plagioclase-rich melt which thermally
insulated the chamber from cooling (Emslie et al. 1994; Ashwal 1993; Fram and Longhi
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1992). Prolonged crystal fractionation led to progressive crystallization of plagioclase,
olivine, and high-Al pyroxene (orthopyroxene>clinopyroxene) along the plagioclase +
olivine cotectic and plagioclase + orthopyroxene cotectic, respectively (Emslie et al. 1994).
The remaining uncrystallized melt (possibly tholeiitic with 17-18 wt% Al,O;) contained
elevated Al, Fe/Mg, and REE concentrations (Ashwal 1993). The mafic minerals, being
denser than the plagioclase, sank and accumulated over time below the less dense
plagioclase crystals, forming ultramafic cumulates as an endmember in the magma mixing
process. These ultramafic cumulates are not commonly observed because they are either
located at the base of the intrusive suite or they were recycled back to the mantle plume
along with crustal contaminants, further altering the geochemistry of subsequent basaltic
pulses (Ashwal 1993; Amdt and Goldstein 1989).

The oxygen fugacity changed and the temperature lowered as the melt ascended
giving rise to an accumulation of magnetite and ilmenite-rich mafic melts enniched in
incompatible elements. These remained at the base of the plagioclase-rich magma or sank
to the bottom of the chamber. Ferrodiorite or jotumte rocks, occurring as small dykes or
localized intrusions, are the least abundant rock type in the NPS and are thought to be the
products of trapped residual liquid (rich in Fe, Ti, P and incompatible elements) within the
aluminous melt that was later “squeezed” out into other intrusions as the aluminous magma
cooled and pooled at the base of many anorthositic massifs (Emslie ef al. 1994).

To summarize, geochemical inhomogeneties within the anorthosites and
consanquinuous mafic rocks are due to numerous factors that would have been introduced
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throughout the processes of mantle upwelling, silicic segregation, partial melting and mixing
of the basaltic component with the crustal residuum and country rocks. Ferrodioritic or
jotunitic rocks were likely derived as the residual liquid of a fractionated mafic magma.
Field relationships support this model; as granitoids cap massive anorthosite (with/without
leucogabbro-leuconorite-leucotroctolite layering) and ferrodiorite rocks occur as dykes and
small intrusions within the anorthosite and related rocks (Ryan et a/. 1997). Entrained
basaltic material which quickly rose along path of previous magma was more primitive due
to less time for fractionation and assimilation of the surrounding semi-solidified magmasand
country rock. These more primitive magmas crystallized to form the troctolite and related
plutons (Ryan 2000). According to this model of plagioclase crystal fractionation at shallow
levels in the crust and mafic minerals (olivine and pyroxene, and oxide minerals) at depth
and at higher pressure conditions, areas of large extensive anorthosite intrusions near the
surface suggests the presence of even larger mafic plutons at depth (Fram and Longhi 1992).

Layering is evident within the NPS suggesting regular episodes of crystal
fractionation and magma replenishment. Multiple episodes of magma upwelling,
fractionation, and subsequent intrusions of separate melt fractions, which later coalesced,
are thought to have occurred over the tens of millions of years during the history of
emplacement of the NPS with the period of granitic magmatism occurring twice as long as

that of mafic magmatism (Berg ef al. 1994).
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2.2.2 Jotunite petrogenesis

Jotunites (~ ferrodiorites) are characteristically enriched in FeO, TiO,, P,Os , SiO,,
K;0, depleted in MgO, Na,O, Sc, Cr, Co, Ni, Rb, Th, U and V (Owens et a/. 1993; Vander
Auwera et al. 1998) and contain variable, yet high, concentrations of Zn, Ga, Zr, Y, Sr, and
REE (Owens et al. 1993). Overall, these rocks consist of sodic plagioclase (~An,;-An,,) and
clinopyroxene and orthopyroxene (~Eng,-En,,), and variable modal abundances of K-feldspar
(mesoperthite) and quartz (op. cit.). Studies by Owens et al. (1993) of several anorthosite-
massifs throughout the Grenville Province in Quebec established at least three main types
of jotunites and related rocks: (i) dykes crosscutting massive anorthosite plutons (eg.
Labnieville region), (ii) intrusions that occur along the margins of massive anorthosite and
leucogabbronoritic intrusions (e.g, Morin Complex), and (iii) large intrusions (e.g.,
St.Urbain region). Actually, each of these locations has more than one type of jotunite
occurrence. Geochemical studies of the marginal rocks and dykes by Owens ef al. (1993)
and Vander Auwera et al. (1998) suggest that the marginal rocks are more primitive, while
the jotunite dykes have highly fractionated REE and trace element patterns. Vander Auwera
et al. (1998) state that the “primitive” jotunite liquid itself undergoes fractionation to form
what is commonly seen as dykes and small intrusions within larger bodies of anorthosite and
norite/gabbro variants. Within the Fe-Ti-P-rich melt (or FTP), fractionation, or “liquid line
of descent”, continues along the following trend with changing T, P, and fO, and increasing

Si0,: jotunite (hypersthene monzodiorite; monzonorite) or ferrodiorite (or ferrogabbro which
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is olivine bearing; Mitchell 1991) or oxide-apatite gabbronorite = mangerite (hypersthene

monzonite) and charockite (hypersthene granite) = quartz mangerite and syenite (Dymek

1993; Owens ef al. 1993; Vander Auwera et al. 1998). Final SiO,-rich fractionates which
are thought to have fractionated plagioclase and pyroxene earlier, are suggested to have
formed granitoids in Rogaland, Norway (Vander Auwera et al. 1998).

Overall, due to their vanable trace element geochemical signatures, the genesis of
ferrodiorite-jotunite rocks is still being debated (¢f. Ashwal 1993; Owens et al. 1993; Vander
Auwera et al. 1998) with a variety of possibilities. For example, they might represent the
liquid formed from crustal anatexis (Duchesne ef al. 1978) or the parental material for
andesine anorthosite suites (Duchesne er al. 1974; Duchesne and Demaiffe 1978), or
transitional rocks between co-magmatic anorthosite and mangerite (Owens et al. 1993), or
are derived from fractionation of mafic magmas which are not related to the anorthositic
suite (Emslie 1985), or are an intermediate liquid between co-magmatic anorthosite and
granite (Michot 1960, 1965; Philpotts 1966), or are the result of liquid immiscibility
(Philpotts 1978, 1981; Force and Carter 1986).

According to Vander Auwera et al. (1998) who studied the jotunitic intrusions
within the Rogaland Province, the geochemical differences between the marginal jotunites
and the dykes suggest a ‘liquid line of descent’ from the more primitive marginal jotunites
to the more fractionated jotunites (evolved jotunite to mangerite to quartz mangerite and

charnockite) and, therefore, the evolution of anorthosites and jotunites are unrelated.
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Instead, jotunites are the precursor to the ferrodiorites, magnerites, and charnockite and thus
are genetically separate from anorthosites and leucotroctolite-leuconorite/leucogabbro rocks.
Vander Auwera et al. (1998) even suggest that the Al-rich basalts, thought by some to be the
source for the anorthosites and related mafic rocks (Owens ef al. 1993; Emslie et al. 1994),
may be the source for the least fractionated jotunites and that the anorthosites may actually
be derived from subsequent fractionation of the jotunites. Other workers (¢f Mitchell 1991;
Demaiffe 1985, Dymek 1993; Owens et al. 1993; Mitchell ef al. 1996) state that
fractionation of jotunites is possible with the liquid line of descent as defined by silica
depletion and iron enrichment rather than silica enrichment and iron depletion (Owens ef al.
1993). However, major and trace element geochemical data indicate that the jotunites first
were derived from fractional crystallization of a mafic magma which initially formed
anorthosites, then troctolite and norite-gabbro varieties; jotunites were the remaining melt.
The mere fact that jotunites and related rocks have intermediate compositions suggests that
they may have evolved from a more Al-rich basalt which first fractionated plagioclase,

olivine and orthopyroxene, before continuing the jotunite to syenite “liquid line of descent”.

2.3 Local geology

The Cirque property in located on the NTS map sheet 14E/1 (Alliger Lake),
approximately 75 km northwest of the community of Nain. The area was mapped as early
as the 1940's by E.P. Wheeler II and as recently as 1998 by Ryan of the Newfoundland
Department of Mines and Energy. Originally the Alliger Lake area was thought to consist
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mainly of Mesoproterozoic rocks with Archean rocks to the northeast and minor
Paleoproterozoic rocks. Recent geochronological data from Emslie and Loveridge (1992)
and Connelly and Ryan (1994), however, indicate that many of the granitic and anorthositic
bodies which intrude the Archean gneisses between Okak Bay and Webb’s Bay are
Paleoproterozoic, suggesting a longer history of magmatic activity in the area. Ryan et al.
(1997) list three distinct ages for rocks on the 14E/1 map sheet; (1) Archean gneisses, (2)
Paleoproterozoic anorthositic and granitoid intrusive rocks, and (3) Mesoproterozoic
anorthosites and related rocks. Figure 2.7 is a revised 1:50,060 regional compilation map
by Ryan et al. (1997; 1998; pers. comm. 1999). A recent re-interpretation of the boundary
between Paleoproterozoic and Mesoproterozoic intrusive rocks has also changed based on
aregional aeromagnetic map (Figure 2.8) that indicates that the northeast corner is underlain
by high magnetic Paleoproterozoic deformed anorthositic intrusions and Archean gneisses,
whereas in the southwest corner consists of dominantly low magnetic Mesoproterozoic

intrusions of anorthosite and mafic varieties (Ryan et al. 1998).

2.3.1 Archean rocks

Archean gneisses of the Nain Province underlie the northeast part of the map sheet.
In Figure 2.7, Ryan et al. (1997) subdivided the gneisses into four units, ranging from
dominantly quartzofeldspathic gneiss in the far northeast corner, to mafic and ultramafic
rocks grading up to amphibolite and granulite gneisses in the southeast and northeast
corners. Pink to white aplitic granite and migmatized to massive mafic-ultramafic rocks
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Figure 2.7 Compiled regional geology map (scale 1: 50,000; after Ryan et al. 1997;
Ryan pers. comm. 1999). Most geological contacts are approximate or assumed.
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Figure 2.8 Colour contoured (blue = low, red = high) regional aeromagnetic map
from Ryan et al. (1997) showing the northeast comer of NTS map area 14E surveyed

in 1996 and 1997 (from GSC map 07453G GSC, 1983). The star marks the approximate
location of the Cirque gossan.
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with vanable alteration occur on the west and north sides of Iglusuataliksuak Lake, were
intruded by Paleoproterozoic leucogabbro to anorthositic units (Unit 4). Metasedimentary
rocks are not common but occur northeast of Laura Lake (Hynes 1997) and consist of grey
to white quartzite and garnet-sillimanite gneisses. Interlayered with the dominantly
undivided quartzofeldspathic gneiss (Unit 1) are rafts of mafic and ultramafic gneisses (Unit
1 a,b,c). These metagabbroic rocks range from metres to hundreds of metres across and
occur as fine- to medium-grained layered mafic intrusions deformed with migmatites and
gneisses (Hynes 1997). The foliations of the Archean gneisses range from dominantly
northeast-trending, steeply dipping to the west to northwest-trending, steeply dipping to the
west in the far northeast comer of the map sheet. Variations in foliations are, in part, due
to the vanable deformation episodes during the Tomgat Orogen and in part due to

emplacement of subsequent mafic and felsic plutons.

2.3.2 Paleoproterozoic rocks

Previously thought to be Mesoproterozoic, many units within the Alliger Lake map
sheet have since been redefined as Paleoproterozoic based on textural (e.g., granulite),
structural (e.g. pyroxene alignment) and geochronological evidence. Emslie and Lovenidge
(1992), Ryan (1993), Connelly and Ryan (1994), Ryan ef al. (1997) have reinterpreted the
anorthosite and related mafic units north of Puttuaalu Lake and have concluded that variably
foliated anorthosite and granitoid rocks from Webb’s Bay to Okak Bay were deformed
during the Torngat Orogen (c¢f Bertrand ef al. 1993 and van Kranendonk 1996), thereby
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indicating that these rocks are about 800 million years older than the average age of plutons
from the Nain Plutonic Suite. Hamilton (1997) and Hamilton ez al. (1998) estimate that the
magmatic event occurred between ca. 2135-2045 Ma in a similar anorogenic environment
which produced the NPS (Piercey 1998).

On the regional map in Figure 2.7, the Paleoproterozoic rocks range from felsic to
mafic plutons, diorite, ferrodiorites, and anorthosites. Most of the units (2-5a) occur in the
centre of the map sheet in a northwest-southeast trend, separating the Archean from the
Mesoproterozoic rocks. Here, a mylonitic zone runs for about 5 km in a northwest direction
from north of Iglusuataliksuak Lake to north of Miller’s Pond where it continues in the same
direction as an approximated fault.

The Alliger Lake Granite (Unit 2) intruded the Archean gneiss south of Frank Lake
and north of Iglusuataliksuak Lake. It consists of medium-grained, grey to pink to blue
quartz, biotite, homnblende-rich granite with local mylonitic zones (Ryan ez al. 1997). The
age of crystallization of the Alliger Lake Granite was classified as Paleoproterozoic based
on preliminary results of U-Pb isotopic studies by Emslie and Hamilton (Ryan pers. comm.
1997). Southwest of Alliger Lake is a transitional contact, between the granite and variable
deformed, altered anorthositic and leucogabbroic rocks (Unit 4) to the west, consisting of
a sliver of diorite and ferrodiorite (Unit 3) and described by Ranson (1976) as being fine- to
medium-grained with dark brown weathering. The diorite also grades into dark grey gabbro
with blue quartz to the west (Ranson 1976; Ryan ef al. 1997). A small inlier (approximately
0.5 km?) of horblende-quartz monzonite, weathered pink to grey and granite with younger
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homblende (- pyroxene) monzonite (Unit 5), are medium-grained with faintly blue quartz
and potassium feldspar augens (1 cm?) and are located in the north central part of the map
sheet, northeast of Puttuaalu Lake, completely surrounded by Mesoproterozoic monzonitic
and dioritic rocks. The metamorphosed monzonites and granites have pink to grey
weathered surfaces.  Another inlier (approximately 0.31 km?®), located west of
Iglusuataliksuak Lake, consists of granulitic gabbronoritic and possibly monzonitic dykes
(Unit 5a) within the extensive leucogabbroic and anorthositic rocks of Unit 4. Both Unit 5
and 5a are local, non-extensive, moderately to steeply dipping to the northeast and trending
generally to the northwest.

Units 6 and 7 are thin slivers located in the far southwest corner of the map sheet.
Unit 6 consists of buff weathered quartzofeldspathic granulite gneisses with minor mafic
gneisses (Hynes 1997). These rocks are extensively layered and lie between two large
Mesoproterozoic anorthositic plutons. Unit 7 consists of weakly layered, red-brown
weathered metasedimentary and ultramafic mesocratic granulites (Ryan et al. 1997).
Gabbroic metaplutonic rocks intruded by pre-metamorphosed and post-metamorphosed
dykes of variable composition (diabase, olivine diabase, monzonite, diorite, aplitic to
pegmatitic granite) are also of Paleoproterozoic age.

Units 16 to 18 from Ryan et al. (1997) have recently been re-interpreted by Ryan
(pers. comm. 1999) to be Paleoproterozoic. Unit 16 is large pluton of leuconorite (+olivine)
with igneous layering dipping to the northeast. Within this body is a smaller intrusion (Unit
16a) of pink to grey anorthosite interpreted by Hynes (1997) to be the core of Unit 16. The
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most felsic units on the map sheet, the clinopyroxene fayalite + hornblende monzonite and
local monzonite, are Units 17 and 18. Unit 18 is more extensive and occurs in the north and
central portions of the map sheet, intruding Archean and Paleoproterozoic rock types. Unit

17 has a much smaller surface exposure and contains no quartz.

2.3.3 Mesoproterozoic rocks - the Nain Plutonic Suite

The southwestern portion of the map sheet comprises anorthosite, leuconorite,
leucogabbro, and lesser amounts of diorite and monzonite, all belonging to the NPS. In a
section across this part of the massif, Ranson (1981) described the anorthosites and
leuconorites as being massive, coarse-grained, with overall plagioclase compositions of An,;
- An,,, and with K,O contents between 0.15 to 0.27 wt%. Three dominant facies were
identified by Ranson (1981): (1) augite and oxide-bearing anorthosite, (2) oxide-rich
anorthosite with abundant magnetite and ilmenite, (3) and leuconorite with inverted
pigeonite content greater than orthopyroxene. In the more plagioclase-rich anorthosite
intrusions, the presence of large orthopyroxene megacrysts (OPM) suggests that OPM
crystallization occurred at high pressure, at depths near the lower crust or upper mantle
(Emslie et al. 1994; 8-10 kbar, similar to that of the Harp Lake Intrusive Suite (10-12 kbar);
Fram and Longhi 1992). PlagioclasexOPM-rich liquid later ascended to shallower levels by
being incorporated into anorthositic mushes (Emslie 1975). Plagioclase lamellae within the
OPM formed as a result of decompression and re-equilibration of the newly emplaced
magma. Morse (1975), however, attributes the plagioclase lamellae to plagioclase exsolving
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from pyroxene in an alumina-rich magma after Fe-Ti oxides crystallized to form magnetite,
thereby releasing Si0, to aid in the plagioclase in-situ crystallization within the OPM.
The most common rock types are the mafic rocks which occupy approximately one
third of the map sheet. Units 8 and 8a consist of leuconorite with variable degrees of
foliation that occur in the far southwest comer. Umts 9 and 10, also in the same area, are
massive anorthosite, norite, and leucononte. Units 11a to 12 are dominantly massive, pale
mauve anorthosite. Wheeler (1960) named these rocks “pale facies” due to the dominance
of pale plagioclase and the low content of hypersthene. Both are small intrusions and are
truncated by younger, larger plutonic bodies. Two small linear units of reddish brown
troctolite and leuconorite (Unit 11) form a discontinuous semi-circle in the map area. One
body (Unit 11) completely rims Unit 11a, a pale grey anorthosite. Petrographic results,
however, contradict the presence of olivine-bearing rocks, stating that the “olivine” is
actually brown orthopyroxene (Squires et al. 1997). The larger, more extensive plutonic
bodies are massive, locally layered anorthositic, leuconoritic, and leucogabbroic (Unit 13 -
15a,¢). The massive leuconoritic and anorthositic rocks of Unit 15a, ¢ and the more layered
norite to leucogabbroic-noritic (dioritic) rocks of Units 15b and d, are interlayered, west-
northwest dipping intrusions with gradational contacts and cross- and trough-cross layering
and imbnication of black plagioclase xenocrysts (Hynes 1997). In the northwest comer, Unit
15 has been truncated by massive, east dipping, buff leucocratic (+ olivine) leuconorite
which weathers a brownish yellow colour (Hynes 1997) and has been re-interpreted by Ryan
(pers. comm. 1999) to be possibly Paleoproterozoic. Small, discontinuous ferrodiorite and
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diorite dykes occur as linear intrusions throughout the map sheet: north of Iglusuataliksuak
Lake, east of the Cirque grid, and west and northwest of Puttuaalu Lake. Overall, most of
the Mesoproterozoic ferrodiorite intrusions define a general northwest trend. The rocks are
hornblende- and magnetite-rich with a dark brown, crumbled surface.

The youngest intrusions are narrow olivine gabbro and diorite dykes. The gabbro
dyke (Unit 20) intersects the Archean gneiss (Unit 1) and Paleoproterozoic Alliger Lake
Granite (Unit 2) to the west in a northwest direction. The diorite dyke (Unit 21) 1s not as
extensive and 1s located southwest of Puttuaalu Lake. It contains porphyritic pyroxene and

intrudes the leuconorite rocks of Unit 6.

2.4 Grid geology

Figure 2.9 outlines the geological units underlying the Cartaway property and
surrounding properties as defined by the regional geological mapping. Figure 2.10 is the grid
map of the Cirque property, mapped by the author on a 1:5,000 scale in 1996. Due to the
variable modal abundances and to a lesser extent texture variations, detailed stratigraphic
correlations between drill holes are difficult to make, however, general features of the main
units can be defined (Figure 2.11).

The immediate Cirque area was the site of extensive Mesoproterozoic plutonism.
The rock units consist dominantly of anorthosite (approximately 90% of grid geology), with
plagioclase compositions ranging from andesine to labradorite (An, ;) with layers of
leucogabbro, leuconorite, and leucotroctolite at higher elevations (approximately 8% of grid
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Figure 2.9 Geological map showing the LBN (Cirque) property (Licence #1764M) and neighbouring properties;
NTS 14E/1,2; scale 1:50,000 (from Cartaway 1997 adaptfed from Ryan et al. 1997 and Ryan pers. comm. 1999).
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Figure 2.10 Geology map (mapped at 1:5,000 scale) of the Cirque grid (LBN property, Licence #1764M).




Anorthosite (Unit 1)
Layered leucotroctolite, leucororite,
leucogabbro (Unit 2) and anorthosite (Unit 1)
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Figure 2.11 Cross sectional view (looking north) showing the geology as interpreted from
outcrop and drill core. Sulphide intersections are shown as black bars along drill holes
which are projected along 6322600 mN.
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geology). Medium-grained, cumulate clinopyroxene, orthopyroxene, and magnetite modally
make up about 5 - 20 % of the anorthosite overall, and define three distinct subunits of
anorthosite with relatively different magmatic ages.

A thin ferrodiorite dyke intrudes the anorthosite horizontally along the base of the
cirque wall but then peters out to the northeast and several more are intersected in a few of
the drill holes. In the same location are thin interlayers of plagioclase-rich and pyroxene-rich
rock that at first were thought to form a metamorphic fabric but upon closer inspection were
revealed to have formed as a result of fractional crystallization within the magma chamber.
Localized patches of very coarse to fine-grained pyroxene (£ oxide)-rich veins intrude
anorthosite throughout the grid.

Granitic pegmatite veins are the youngest magmatic phase and occur parallel to late
northeast trending faults cross-cutting massive anorthosite. Overall outcrop exposure 1s
approximately 20 % and is generally limited to the steep cirque walls.

The following is a detailed field and petrographic description of each rock type.
Rock units are described according to the L U.G.S. classification scheme for gabbroic rocks
(Figure 2.12) which is based on the modal abundances of plagioclase, pyroxene
(orthopyroxene and clinopyroxene) and olivine. Cumulate textures were described using the
recommendations of Irvine (1982) and Mathison (1989). At times, where the unit contacts
are not sharp, or a large unit contained several layers of different modal abundances, an
overall name had been assigned (e.g., leucoanorthosite with several layers with upto 15 %
pyroxene was called anorthosite).
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Figure 2.12 Ciassification of anorthositic rocks and related rocks as recommended by the IUGS
Subcommission on the Systematics of Igneous Rocks (Streckeisen 1976).
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2.4.1 Anorthosite (Unit 1)

The geology of the grid consists mainly of massive, coarse-grained adcumulate to
mesocumulate monomineralic anorthosite (unshaded in Figure 2.9; much of the area is
covered by thin felsenmeer) with varying percentages of mafic minerals (andesine-
labradorite: An,g <5, Ens, «,; see Appendix A3.1). Although it more likely represents several
intrusions of anorthositic magma that coalesced to form the massive anorthosite seen in the
field area, three distinct types of anorthositic rocks have been observed on the grid and are
informally given names for this study as: Giant Porphyry anorthosite, Buff Brown
anorthosite, and Bleached anorthosite, each a subunit of Unit 1. Each subunit is identified
by mineralogy, colour, and texture; intrusion relationships can be distinguished among these

subunits and are discussed below.

2.4.1.1 Leucoanorthesite - Giant Porphyry (Unit 1a)

The Giant Porphyry (GP) unit consists of very coarse-grained labradorite-rich
anorthosite (> 90 %), commonly displaying labrador schiller of green and blue. GP is
virtually free of mafic minerals and oxides except for local coarse-grained (< 1 cm)
clinopyroxene crystals and/or magnetite-ilmenite blebs. Throughout the unit are thin (< 1
cm wide) clinopyroxene and/or Fe-Ti oxide veins and within the large plagioclase crystals
are tiny needle-like dark coloured minerals, possibly rutile. The GP anorthosite commonly
displays a mortar texture with large purple-blue, anhedral to euhedral plagioclase crystals
surrounded by coarse-grained (yet finer grained than GP anorthosite), light green or beige

74



plagioclase groundmass, or locally by fine-grained sulphides or thin micro-veins or pyrite
plating. In places where sulphides are present, the crystal edges of plagioclase are frayed or
embayed with rusty-colored cracks. The maximum crystal size of the dark blue-purple
labradorite is about 10 cm. In diamond drill holes, particularly LBN-11 and LBN-12, brown
plagioclase (possibly bytownite) is interlayered with the bright blue-purple labradorite
variety; the average layers are a few metres wide.

Sharp contacts, along the base of the north arm, have also been observed indicating
a younger anorthosite body (Unit 1b) below the GP (Plate 2.1 ). In places, especially along
the north wall, large rounded xenoliths (spanning 1 - 2 m?) of GP are enclosed by the finer
grained tan-grey colored anorthosite (BB) as shown in Plates 2.2 and 2.3. Plate 2.4 shows
whole pieces of GP broken up and “floating” in Unit 1b, appearing to be incorporated into

Unit 1 b at the time of the latter’s crystallization.

2.4.1.2 Leucoanorthesite - Buff Brown (Unit 1b)

The most abundant unit on the grid, Buff Brown (BB), is typically coarse-grained,
dull grey-tan and consists of plagioclase, a maximum of 15 % cumulate pyroxene (clino-
and/or ortho-) with variable textures (Plate 2.5). Accessory minerals are magnetite (0 -7 %)
and olivine (0 < 1 %). Variable contents of stubby, reddish-brown rutile laths occur within
pyroxene porphyry (Plate 2.6). Locally, anhedral to euhedral plagioclase crystals are either

randomly oriented or aligned and surrounded by finer grained anhedral plagioclase and
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Plate 2.1 GP anorthosite (Unit 1a) overlying BB anorthosite (Unit 1b). Photo was taken
along the north arm wall.
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Plate 2.2 GP anorthosite (Unit 1a) xenoliths within BB anorthosite (Unit 1b). Photo was
taken along the north arm wall.
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Plate 2.3 Coarse-grained, anhedral, cumulate plagioclase infruded by
finer grained cumulate plagioclase. Photo was taken in cross polars;
field of view is 2 mm (1.5 power). Sample is altered anorthosite (Unit 1 b)

near a fault.
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Plate 2.4 GP anorthosite (Unit 1a) incorporated into finer grained BB anorthosite (Unit 10).
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LBN-12, 268.93m" &

Plate 2.5 Drill core showing varied modal percentages and textures of pyroxene (top
photo) and magnetite/ilmenite (bottom photo) in anorthosite. Note how the oxides
appear to disaggregate the plagioclase in borehole LBN-11 (380.94 m).

80



Plate 2.6 Anorthosite (Unit 1b) with orthopyroxene megacryst
containing rutile along the cleavage planes and exsolution

lamellae. Plagioclase contains minor small pyroxene. Photo
was taken in cross polars at 1.5 power (field of view is 9 mm).
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cumulate pyroxene, oxides, and to a lesser extent, disseminated pyrrhotite.

Medium to coarse-grained (ranging from <1 cm to ~ 5 cm), anhedral, interstitial
pyroxene (dominantly orthopyroxene) generally weathers to tan brown and occurs as
irregular patches or locally aligned bands (<1 to 30 cm wide) that often thin out (Plate 2.7).
Within the thicker bands are rounded inclusions of anorthosite. Regular layers of pyroxene
weather in “pock marks” in the cirque wall in the southwest part of the grid (between L 3 +
00 Sto L 6 +00S; Plate 2.8). Layering is local and the general trend is north with a
moderate dip to the west. Thin veins (1 cm wide) of coarse-grained magnetite and dark
green clinopyroxene crosscut the Unit 1 b anorthosite in several areas. These veins are also
observed in drill core. As mentioned in the previous section, the BB anorthosite is often seen
to have been injected into the GP anorthosite with dark blue to purple (called “black” by
Ryan et al. 1997), rounded porphyrytic laths and irregular crystals (< 1 cm to 10 cm) of
plagioclase (GP anorthosite) surrounded by coarse-grained, light brown BB anorthosite
(Plate 2.9). Locally the plagioclase crystals are often aligned parallel to the flow direction

of the BB anorthosite.

2.4.1.3 Leucoanorthosite - Bleached (Unit 1c)
Bleached anorthosite occurs strictly as veins or dykes (maximum of 1 m wide, 3 m
long) within the GP and BB anorthosite and is mapped on the south arm and in the south

corner of the cirque. In outcrop, the Bleached anorthosite is coarse-grained, recrystallized,
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Plate 2.7 Varied occurrences of pyroxene in BB anorthosite (Unit 1b) in cirque wall.
Top photo shows a local band of randomly oriented pyroxene minerals. Bottom
photo shows thin layers of aligned pyroxene minerals.
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Plate 2.8 Igneous layering (shown by dashed white line) within BB
anorthosite (Unit 1b) defined by weathered out pyroxene-rich layers.
Photo was taken along the southeast part of the grid, looking northwest.
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Plate 2.9 Core sections showing large dark plagioclase crystals (GP anorthosite,
Unit 1a) injected by finer grained, tan plagioclase (BB anorthosite, Unit 1b).
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and light-grey with sharp contacts with the BB anorthosite. Along the back wall of the
cirque, the Bleached anorthosite lies above a gossanous zone (Plate 2.10), trending to the
southeast and dipping between 48°- 68° west. Smaller veins or dykes strike southwest-
northwest and are steeply dipping (Plate 2.11). Ryan ez al. (1997) observed a similar type
of anorthosite and interpreted it to be an east-northeast trending “dyke-like body intruding
dark grey to buff anorthosite and leuconorite and pale grey anorthosite “ (see Figures 2.6 and
2.8).

In thin section, the bands consist dominantly of coarse-grained, stubby, cumulate,
anhedral plagioclase crystals with frayed, irregular grain boundaries, alkali feldspar, and
sericiteand talc dusting. Minor cumulate pyroxene (1 % or less) is coarse-grained, but finer
grained than the plagioclase and appears to have altered to biotite and chlonte. Trace fine-
grained to very fine-grained disseminated pyrrhotite, possibly pyrite and/or oxides were also
observed. Overall, the texture is grainy or recrystallized with saussauritization alteration.
Such a granular, recrystallized nature is thought to be the result of deformation of
plagioclase while the magma was completely or partially solidified (Duchesne and Demaiffe
1978).

The distinctly white anorthosite has been observed in other locations near the Cirque
property. For instance, to the west an approximately 30 metre wide intersection of “a
curious ‘bleaching’ and recrystallization of the anorthosite” has been recorded in two drill

holes on the Hilltop property (Squires et al. 1997) and north of the Cirque area there are
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Plate 2.11 Veins of Bleached anorthosite (Unh‘ 1cC)
crosscutting GP anorthosite (Unit 1a) along the south
wall of the cirque.
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large exotic rafts of white anorthosite locally crosscut older anorthositic rocks at a low angle
(Hynes 1997). Ryan et al. (1997) also mentions this type of anorthosite located on the
Canadian States property, east of Frozen Lake.

The source of these rafts or dykes have not yet been determined, however Ryan et al.
(1997) suggest that they could be either exotic, older yet cognate, or derived somehow from
the massive mauve, grey anorthosite located further to the northeast. Other workers have
observed similar dykes of leucoanorthosite (such as St. Urbain and Morin, Quebec; Emslie
1975b), however, few detailed studies have been done (Ashwal 1993). Some earlier
suggestions include that perhaps the dykes represent the parental magma of the pluton
(Weibe 1979) and they represent plagioclase-rich magmas (Dymek 1980; Gromet and
Dymek 1980, 1982). Studies by Fram and Longhi (1992) on fine-grained to porphyritic
dykes with plagioclase, olivine, orthopyroxene, + augite suggest that the anorthosite dykes
may have crystallized in an open system, as apophysis of the main plutonic body which later

intruded anorthositic bodies already emplaced.

2.4.2 Leucotroctolite - leuconorite - leucogabbro (Unit 2)

Leuconorite and leucogabbro in drill core are dominantly interlayered with
leucotroctolite and anorthosite and have sharp to gradual contacts (Plate 2.12). At the top of
the cirque, dnll core intersected several layers of dominantly leuconorite, leucogabbro, and
leucotroctolite. Further to the south at the top of the Cirque, boulders (possibly subcrop) of
medium-grained Fe-rich gabbro (~ 15 % pyroxene, 7 % magnetite) cover an area of ~25 m”.
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Plate 2.12 Sharp contact between leucoanorthosite (Unit 1b) to the left
and leuconorite (Unit 2) to the right. Photo was taken in cross polars;
field of view is 9 mm (1.5 power). Sample is LBN-12 (105.47m). Note
the weak alignment of pyroxene parallel to contact.
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Because of the texture and mineralogical similarnties the term leuconorite/leucogabbro is
used in this study to define those units that are more orthopyroxene or clinopyroxene-rich.
Leuconorite is more common than leucogabbro, however, both units vary in modal
percentages of pyroxene, texture, grain size, and degree of mineral alignment. On surface
the pyroxene, especially the orthopyroxene, weathers a tan-brown colour. Although inverted
pigeonite is the most common pyroxene throughout the Cirque area, both orthopyroxene and
clinopyroxene have undergone some degree of unmixing resulting in pyroxene/pyroxene
exsolution lamellae (cf. Shelley 1993). Leucotroctolite is not a significant occurrence,
however, all three pyroxene-olivine rich subunits appear to cap the massive tan anorthosite
(BB).

The leuconorite/leucogabbro has a maximum of 70% subhedral to anhedral
intergrown, adcumulate plagioclase (An,; see Appendix A3.1), 15 - 30% cumulate,
anhedral, generally weakly aligned orthopyroxene and clinopyroxene, trace olivine, with
minor blebs of magnetite and ilmenite (Plate 2.13). Cumulate olivine is a very minor
accessory mineral and pristine olivine was not identified in polished thin section. Plate 2.14
shows localized layers of weakly aligned coarse-grained pyroxene with plagioclase.

Leucotroctolite was identified in fresh drill core but was not observed in outcrop. In
this phase, green vitreous olivine ranges from S to 20% in a dominantly plagioclase-rich
matrix. In drill holes LBN-96-1 to 3, leucotroctolite, leucogabbro, and leuconorite are
interlayered for approximately 20 metres with each layer about 1 - 5 m wide and dipping to
the west. On the Noranda “Hilltop” property, olivine-rich units were observed by Ryan et
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Plate 2.13 Variable textures and modal mineralogy of leuconorite/
leucogabbro (Unit 2). Pyroxene ranges from clinopyroxene 1o
orfhopyroxene or both and from low modal abundance with
inferstitial, cumulate texture (top photo), stubby and distributed
homogeneously throughout the unit (middle photo) to localized
patches of pyroxene (bottom photo). All photos were taken

in crossed polars with 1.5 power (field of view 2 mm).
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Plate 2.14 Weakly aligned pyroxenes in leuconorite (Unit 2). Photo was taken near
the tip of the north arm wall.
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al. (1997), but were not confirmed by Noranda workers (Squires et al. 1997). Kerr (1998)
notes relict olivine as green serpentinized clots with oxide inclusions may be present on
Noranda’s “Hilltop” property. At low pressure (less than 5 kbar) and in relatively dry
magmatic conditions, olivine is thought to react with the remaining melt to form
orthopyroxene (Kushiro 1969; Giest et al. 1990); however, the formation of the
orthopyroxene-magnetite symplectic textures observed in some of the olivine minerals (Plate
2.15) are probably the result of weathering or the oxidation of olivine (Shelley 1993).
Medium-grained, homogeneous textured pyroxene-plagioclase dykes crosscutting
anorthosite were intersected in several drill holes. These dykes range in width from <50 cm
to ~ 2 m, have sharp contacts, and contain insignificant abundances of sulphide minerals.
The lack of significant oxide minerals distinguish them from ferrodiorite dykes. Such layers
have also been observed on Noranda’s “Hilltop” property (Squires et al. 1996), the Canadian
States Resources property, Licence #1514M (Canadian States Resources inhouse data 1995,

1996), and NDT’s “Nain Hill” prospect (Hinchey 1999).

2.4.3 Ferrodiorite (Unit 3)

Jotunites, which were discussed earlier, include ferrodiorites, ferrogabbros, gabbroic
and dioritic rocks rich in magnetite and ilmenite. One or two dykes, which crosscut
anorthosite along the far northern wall of the cirque, consists of equigranular, cumulate,
medium- to coarse-grained, anhedral plagioclase (35 - 70 %), pyroxene (En;,; 15 - 20 %
with clinopyroxene > orthopyroxene), and trace apatite. Magnetite and ilmenite (7 - 40 %)
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Plate 2.15 Microprobe photograph of cumulate orthopyroxene
with a core of magnetite, iimenite, and possibly olivine lamellae.
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form an homogeneous, subophitic to granular texture with aligned minerals (plagioclase
porphyry and pyroxene) near and parallel to the contact (Plates 2.16 and 2.17). Minor fine-
grained pyrrhotite (maximum 7%) and trace chalcopyrite are evenly disseminated
throughout. Alteration minerals include minor biotite and a “dusting” of sericite on the
plagioclase and pyroxene minerals.

Along the north arm, near L 1 + 00 N, one or two dykes separate the very coarse-
grained blue, grey labradorite-rich leucoanorthosite (GP) below and the coarse-grained tan,
brown anorthosite (BB) with dark plagioclase porphyry above (Plate 2.18). At another
location along the wall, the coarser grained pyroxene-rich dyke (10 - 25 cm wide) intersects
BB anorthosite. Within the dyke are inclusions of BB anorthosite. The dyke continues along
the north arm wall to the east where it meets with another (?) ferrodiorite dyke, and then
around the point of the north arm where it pinches off (Plate 2.19). The ferrodiorite dyke,
approximately 0.8 - 1.5 m wide, striking northeast and dipping to the northwest at 48
degrees, extends for about 100 m where it strikes sharply to the north and dips steeply to the
west. The dyke weathers a rusty chocolate brown colour and has sharp contacts with the
leucoanorthosite (BB). Another ferrodiorite dyke (6 x 1 m) is located along the ‘knob’ (see

Figure 2.10), crosscutting the coarse-grained BB anorthosite at 147/48° W.

2.4.4 Pyroxenite (Unit 4)
Except for thin 1 cm wide veinlets of coarse-grained clinopyroxene and magnetite
crosscutting anorthosite (Plate 2.20), there are only two examples of pyroxene-rich rock.
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Plate 2.16 Top: Ferrodiorite (Unit 3) with aligned euhedral subophitic
plagioclase laths and finer grained stubby clinopyroxene and
orthopyroxene, plagioclase, and disseminated oxides. Middle: Ferrodiorite
with anhedral, cumulate plagioclase, weakly aligned clinopyroxene (and
lesser orthopyroxene), and oxides associated with pyroxene. Bottom:
Ferrodiorite with aligned orthopyroxene rimmed with magnetite. Plagioclase
is the light grey-white mineral. The ferrodiorite is crosscut by several thin rusty
veins reflecting surface weathering. Top photo was taken in crossed polars;
pbottom two photos were taken in plane of polarized light. All were taken
under 1.5 power of magnification (field of view = 9 mm).

Q7



Plate 2.17 Ferrodiorite with clinopyroxene and lesser orthopyroxene
surrounded by a network of opaque minerals (sulphides; black). Photo
was taken in transmitted light at 1.5 power (field of view = 9mm).
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Plate 2.18 Pyroxene and magnetite-rich ferrodiorite veinlets crosscutting
anorthosite. Top photo: Veinlet separates BB anorthosite (above) from GP
anorthosite (below). Bottom photo: Veinlet has incorporated anorthosite
(BB) xenoliths.

99



00l

Plate 2.19 Ferrodiorite dyke along the north arm of the crique, crosscutting anorthosite.
Photos are of the same dyke. View is to the northeast.
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One sample, consisting of over 90% coarse-grained stubby clinopyroxene with
disseminated pyrrhotite, was found in the talus at the base of the back wall of the cirque.
The second sample was taken from end of the north arm where pyroxene-rich and
plagioclase-rich layers (~ 10 cm and ~ 2 cm wide, respectively) trend approximately
northeast. Near these layers is a coarse-grained clinopyroxene-rich and magnetite layer or
dyke, approximately 25 cm wide, sandwiched between coarse-grained plagioclase-pyroxene

(leuco-) gabbro to the north and anorthosite to the south and trending to the northwest.

2.4.5 Quartz - feldspar - biotite pegmatite dykes (Unit S)

Pegmatitic quartz - potassium feldspar - biotite dykes ranging from 20 to 40 cm wide
are parallel to the more significant northeast trending, steeply dipping to vertical faults on
the Cirque grid. Smaller veins (< 1 to 10 cm wide) crosscut leucoanorthosite along the base
of the back wall (Plate 2.21) and also occur above, below, and within fault zones in drill
core. In polished thin section, the contacts with the leucoanorthosite (BB) are sharp, with
the pyroxene in the BB anorthosite closest to the contacts altered to homblende and biotite

and the plagioclase breaking down to sericite (Plate 2.22).

2.5 Alteration

In general, the rocks have little or no alteration except along the contacts with the
faults and pegmatitic dykes. Sericite, talc, chlorite, serpentine, and minor hornblende and
biotite are evidence of minor alteration in anorthosite and associated mafic units. Localized
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Plate 2.21 Quartz - K feldspar- biotite pegmatitic
dykes (left) and veins (right) crosscutting anorthosite.
The dykes in the left photo are located along the
base of the back wall of the cirque.



Plate 2.22 Top: Contact between quartz-feldspar-biotite
pegmatitic dyke (Unit 4; right) and anorthosite (Unit 1b; left)
showing alteration of anorthosite (sericite, homblende, epidote,
biotite, antiperthite and microcline feld