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ABSTRACT

The iron-ore deposits of southwestern Labrador have been mined continuously since 1962, and in 2016 they accounted
for more than half of the annual gross value of mineral shipments for Newfoundland and Labrador. These deposits, classified
as metataconite deposits, are a distinct group of iron-ore deposits only described from this region. They are hosted in the
Sokoman Formation iron formation, and were metamorphosed and deformed during the Grenville Orogeny at ca. 1.0 Ga.
Three broadly defined end-member facies describe the Sokoman Formation: oxide facies (the main ore-bearing unit), silicate
facies, and carbonate facies. The iron formation recrystallized during regional metamorphism, and the oxide-facies iron for-
mation consists of medium- to coarse-grained magnetite, specular hematite, and quartz, and is easily beneficiated into iron
concentrates (approximately 65% Fe) ideal for pellet production. Deformation and associated structural thickening during
the Grenville Orogeny were also important in the development of mineable thicknesses of oxide-facies iron formation.

Forty individual iron-ore occurrences have been described from the study area (NTS 23B/14, 23B/15, 23G/02, 23G/03
and part of 23G/07). These are subdivided into a number of distinct basins, which based on stratigraphic correlations between
individual occurrences and geochemical variations, may represent separate depositional centres. The Carol Lake Basin,
which hosts all occurrences in the Iron Ore Company of Canada'’s Carol Lake Project, is subdivided into a Lower Iron
Formation (LIF) dominated by carbonate-facies iron formation, a Middle Iron Formation (MIF) predominantly of oxide-
facies iron formation, and an Upper Iron Formation (UIF) with carbonate- and silicate-facies iron formation, and rare oxide-
facies bands. The Wabush Basin, hosting the idled Scully Mine and developed prospects at the Julienne Lake and Rose
deposits, is composed of a distinctive Basal Silicate Iron Formation (BSIF) that is overlain by a thick sequence of oxide-facies
iron formation; carbonate-facies LIF is absent. A smaller third basin, the Mills Lake Basin, is located in the southwest of the
study area, whilst a number of occurrences on the western margin of the study area are not included in any basin due to the
lack of detailed stratigraphic information.

Geochemical data indicate that the oxide-facies iron formation represents the local ocean chemistry during deposition,
and samples from the Wabush and Mills Lake basins generally have elevated Mn and Ba, lower Y/Ho ratios, and are rela-
tively enriched in LREE compared to samples from the Carol Lake Basin. These geochemical trends indicate that deposition
in the Wabush and Mills Lake basins occurred in deeper water than that in the Carol Lake Basin, below the redoxcline in a
stratified ocean (having an oxic upper layer and reduced lower layer).

Some iron-ore occurrences have been extensively altered, resulting in magnetite in oxide-facies iron formation being par-
tially to completely oxidized to secondary martite with common goethite, and Mn being remobilized into discrete layers and
veins. The close spatial association between altered iron formation and brittle faults suggests that these faults may have been
reactivated during tectonic activity, and late-stage fluid movement may have focussed along these structures. This late-stage
fluid flow is not associated with any iron enrichment, unlike high-grade supergene deposits in the Schefferville area, where
late-stage fluid flow, intense alteration and transformation of magnetite to hematite and goethite are responsible for upgrad-
ing the iron formation from ~30% Fe to >55% Fe. This may be due to the chemistry of the fluids or the larger quartz grain
size in the metamorphosed iron formation, which would impede dissolution.

xiii






PART A

INTRODUCTION
PURPOSE AND SCOPE

The Labrador City and Wabush areas have had a long
history odf mining and exploration, with iron-ore deposits
first discovered in the 1940s and mining commencing in the
1960s. Today, mining forms the backbone of the economy of
western Labrador, and in 2016 the iron-ore occurrences ac-
counted for more than half of the annual gross value of min-
eral shipments for Newfoundland and Labrador (2016 GNL
statistics). The iron ores occur in the Paleoproterozoic Soko-
man Formation, within a sequence of sedimentary and vol-
canic rocks commonly referred to as the Labrador Trough,
which extends for over 1100 km, from Lac Plétipi in the south
to Ungava Bay in the north (Figure 1). In southwestern
Labrador, the Sokoman Formation was deformed and meta-
morphosed during the Grenville Orogeny, resulting in the for-
mation of a class of deposits known as metataconites.
Metataconites form from strongly metamorphosed and re-
crystallized iron formation, with 25-40 wt. % Fe. The term
metataconite is exclusively used in the Labrador Trough. De-
spite their relatively low grade (<40% Fe), the coarse grain-
size and low degree of impurities (e.g., Al, P) allow for easy
beneficiation into iron concentrates (~65% Fe) that can be
used to produce high-quality iron-ore pellets.

In response to increased exploration activity in southwest
Labrador, driven by an increase in iron-ore prices, the Survey
initiated a study of known iron-ore deposits in southwestern
Labrador in 2012. The study area covers NTS map areas
23B/14, 15, 23G/02, 03 and the southern part of NTS map
area 23G/07 (Figure 2), and includes 40 named iron-ore oc-
currences (Figure 3; Table 1). This report is a synthesis, based
on deposit-scale mapping, logging of diamond-drill core and
visits to active mines and known occurrences, and incorpo-
rates data from recent industry-assessment reports and a num-
ber of academic studies. It represents the first such report
since Gross (1968), and is intended as a reference document
to assist future exploration and development. It also includes
new geochemical data from 25 individual occurrences, as
well as detailed descriptions of the geology and previous
work carried out on all 40 named iron-ore occurrences (see
Part B).

PREVIOUS WORK

The following is a brief summary of some of the geolog-
ical work conducted since the 1930s, including bedrock-
geology mapping, and studies on the structural and metamor-
phic history of the Gagnon Terrane. This is not intended to be
a complete description of past works and studies; information
on the discovery and development of the iron-ore occurrences
in southwestern Labrador is summarized in Part B.

The first geological mapping of present day Labrador
City and Wabush was carried out in the early 1930s as part of
investigations into the gold potential of the region (Gill ef al.,
1937). Significant iron-ore resources were discovered in the
late 1940s and this was followed by systematic mapping of
the region by exploration companies (Neal, 1950a, 1951;
Beemer, 1952; Almond, 1953; Jackson, 1954; Gross, 1955;
Knowles, 1955, summarized in Jackson, 1963), who focussed
on the extent and economic potential of iron occurrences. The
first description of the regional stratigraphy and structure was
published by Knowles and Gastil (1959) and Gastil and
Knowles (1960). More detailed, regional-scale mapping by
the Geological Survey of Canada (Fahrig, 1960, 1967; Jack-
son, 1976), and the Newfoundland Department of Mines and
Energy resulted in the publication of a series of maps at
1:50 000 and 1:100 000 scales (Rivers, 1980a, b, c; 1985a, b;
Rivers and Massey, 1985). Parts of the study area were
remapped, in detail, by van Gool (1992). Additionally, Iron
Ore Company of Canada (IOC) geologists refined the re-
gional maps with detailed localized mapping and interpreta-
tion of a regional aeromagnetic survey completed in 2001
(Cotnoir et al., 2002). The geological map shown in Figure 4
is a result of the compilation of previous published maps, un-
published IOC geological maps, and interpretation of the re-
gional acromagnetic data (Figure 5).

A number of studies have also investigated the metamor-
phic and structural history of the study area. Rivers (1983a)
showed that the structural history is dominated by Grenvillian
deformation (~1.0 Ga), and by Paleoproterozoic sediments,
thrust over Archean basement, in a foreland-directed fold and
thrust belt. Subsequent studies described a complex history
of deformation in the region, with at least three generations
of folding, and multiple stacked thin- and thick-skinned thrust
systems (van Gool, 1992; Rivers et al., 1993; van Gool et al.,
2008). Klein (1966, 1973, 1978) studied the mineral assem-
blages in the metamorphosed iron formation. These studies
focussed on the silicate and carbonate facies of the Sokoman
Formation, and showed that the metamorphic reactions within
the iron formations are complex where mineral assemblages
are controlled by mobility of H,O and CO, (Klein, 1978).
Subsequent research investigated mineral assemblages in
metapelites and quartzofeldspathic rocks, and identified con-
sistent metamorphic zones throughout the region (Rivers,
1983b; van Gool, 1992).

HISTORY OF EXPLORATION

The first reference to iron ore in Labrador was by Father
Pierre Babel, a Jesuit missionary, who travelled in the region
in the 1860s. In the 1890s, A.P. Low, of the Geological Survey
of Canada, first reported on the iron formations near Menihek
Lake and Astray Lake, and noted the potential for large de-
posits. However, the region attracted little interest at the time,
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Table 1. Main iron-ore deposits and occurrences in the study area discussed, in detail, in this publication

Structural UTM Northing Easting
Deposit Name No. Status Basin NTS Area Zone (NAD27) (NAD27)
Canning 1 Prospect Carol 23B/15 19 5867803 637400
Carol Lake North 2 Prospect Carol 23G/02 19 5880930 634914
D'Aigle Bay 1 3 Showing Carol 23G/02 19 5885761 642191
D'Aigle Bay 2 North 4 Prospect Carol 23G/02 19 5889203 643341
D'Aigle Bay 2 South 5 Prospect Carol 23G/02 19 5885323 639216
Duley 6 Prospect Wabush 23B/15 19 5860313 635012
Emma Lake 7 Showing n/a 23G/03 19 5875103 628766
Flatrock Lake 8 Showing n/a 23G/02 19 5898808 642953
Goethite Bay 9 Prospect Carol 23G/02 19 5896291 651250
Goethite Bay North 10 Showing Carol 23G/02 19 5898086 655898
Green Water Lake 11 Showing n/a 23B/14 19 5861869 617795
Huguette Lake 12 Showing Carol 23B/14 19 5860307 626505
Humphrey 13 Producer Carol 23G/02 19 5878834 637280
Ironstone 14 Showing Carol 23B/14 19 5867603 631895
Julienne 1 15 Prospect Carol 23G/02 19 5894668 648571
Julienne 2 16 Prospect Wabush 23G/02 19 5891224 653250
Julienne Lake 17 Developed Prospect ~ Wabush 23G/02 19 5889776 648142
Knight 18 Prospect Carol 23B/14 19 5868315 633501
Knight North 19 Showing Carol 23B/15 19 5869906 634155
Knight South 20 Prospect Carol 23B/14 19 5866416 632802
Lorraine 4 21 Prospect Carol 23G/02 19 5883410 642180
Luce 22 Producer Carol 23G/02 19 5874676 637970
Mill Basin 23 Prospect Carol 23B/15 19 5871055 641925
Mills Lake 24 Developed Prospect ~ Mills Lake ~ 23B/14 19 5851399 634485
Neal #1 25 Showing n/a 23B/14 19 5868104 624167
Polly Lake 26 Developed Prospect  Carol 23B/14 19 5859963 631068
Rose 27 Developed Prospect ~ Wabush 23B/14 19 5855360 632907
Scully 28 Producer Wabush 23B/15 19 5864970 640380
Shabo Hill 29 Showing Carol 23G/07 19 5902599 660827
Shabo Peninsula North 30 Showing Wabush 23G/02 19 5897615 660955
Shabogamo 31 Prospect Wabush 23G/02 19 5891514 657826
Sitting Bear 32 Showing n/a 23B/14 19 5859592 617940
Smallwood North 33 Prospect Carol 23G/02 19 5879492 639555
Squid 34 Showing Carol 23B/14,23B/15 19 5873331 633627
Wabush 1 35 Prospect Carol 23B/15 19 5869718 636305
Wabush 3 36 Developed Prospect  Carol 23B/15 19 5872119 637949
Wabush 4 37 Prospect Carol 23B/15 19 5868890 638330
Wabush 6 38 Developed Prospect  Carol 23G/02,23B/15 19 5874670 640919
Wabush Mountain 39 Showing Wabush 23B/15 19 5869120 644130
White Lake 40 Prospect Carol 23B/15,23G/02 19 5873457 634974

because it was remote and essentially uncharted. In 1929,
high-grade (>55% Fe) iron ore was first discovered in the
Knob Lake area near the Québec—Labrador border, in the
vicinity of present day Schefferville, by W.F. James and J.E.
Gill, working for the New Québec Company. These discov-
eries sparked new interest in the region, and exploration by
Labrador Mining and Exploration (LM&E) in the 1930s and
1940s identified significant resources of high-grade direct-
shipping ore (DSO). In total, a resource of over 400 million

tonnes of high-grade DSO was identified, and production
began in Schefferville in 1954.

The area, later to become Labrador City and Wabush,
was visited by James and Gill in 1933, who compiled the first
topographic and geologic maps of the region. Their expedi-
tion focussed on the gold potential of the region, and although
they recorded the occurrence of iron-bearing formations, they
did not consider that the grade was sufficient for commercial



oA - - b Zo " [
§7 ‘20W§n v e O‘i‘ ?%-_%W% z;' \ oo
LEGEND ‘s \
(Not in stratigraphic order) L
Gagnon Terrane

Unknown Age

B Viche! Lake Pluton

Middle Proterozoic
Shabogamo Gabbro

Early Proterozoic
(Kaniapiskau Supergroup)

Menihek Formation
Sokoman Formation
Wishart Formation
McKay River Formation

Denault Formation

_RECEE

Le Fer Formation p
son Lake Terrane .
Middle Proterozoic -

- Shabogamo Gabbro f =

=
o
5

o

Trans Labrador Batholith

Lac Joseph Terrane

cEarly Proterozoic

Granitoid Intrusions
Quartzofeldspathic Gneiss
Ar n Basement

Ashuanipi Complex

Drift Covered

‘ Provincial Border

D, 7 == Se 4
Ddﬂa’ - .

E 2:@0 e

AN

aa .‘l’.\“ ‘ \

LY
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adapted from unpublished company data (IOC and Alderon) and published maps of the study area (Rivers 1985a, b; Rivers and
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Figure 5. Regional aecromagnetic map of the study area (2™ vertical derivative colour-shade image, shaded from the northwest).

Adapted from Cotnoir et al. (2002).



exploitation (Gill and James, 1933; Gill ez al., 1937). In 1936,
LM&E were granted a mining concession in southwestern
Labrador, covering an area of ~23 000 square miles. This in-
cluded the areas mapped by James and Gill in 1933, and cov-
ered all the deposits currently outlined in the Labrador City
and Wabush areas. Although LM&E carried out shoreline
traverses in 1936, this concession received little detailed ex-
ploration until 1949, when a recent graduate of the University
of Toronto, H.E. “Buzz” Neal led a seven-man geological
field crew that assessed the potential of the region for eco-
nomic iron deposits. This work mapped an area of about 125
square miles and recognized ten zones of economic interest
(Neal, 1950a). Neal (op. cit.) suggested that the friable iron
formation could be readily concentrated to form iron-ore con-
centrate (Neal, 1998), but this view was not shared by all in
LM&E. Notably, the president of M.A Hanna, Mr. George
Humphrey, stated that “this is for our grandchildren” when
shown a sample of the iron formation in August 1949 (Geren
and McCullogh, 1990). Despite these reservations, a 240-
pound bulk sample was collected for testwork, which con-
firmed that the ore could produce a concentrate having low
impurities (Neal, 1950b).

In November 1949, I0C was chartered to develop the
Schefferville deposits, and the new company retained the min-
ing rights to all the land west and north of a line demarcated
by Julienne, Wabush and Duley lakes. Further exploration in
the early- to mid-1950s confirmed the presence of large iron-
ore deposits west of Wabush Lake, and in 1959, IOC an-
nounced plans to develop its Carol Project. This project, which
included a number of occurrences north of Labrador City (Fig-
ure 6), also comprised the construction of a concentrator, and
a pellet plant (Plate 1), a new town (Labrador City), a railway
spur connecting the mine to the Québec North Shore and
Labrador (QNS&L) main line, and a hydroelectric plant at
Twin Falls (Geren and McCullogh, 1990). By 1962, construc-
tion on all these elements was completed, and the Wabush 5
deposit (subsequently termed the Smallwood Mine) was se-
lected to be the first deposit mined, coming into production
on May 30th, 1962 (MacDonald, 1963). The Smallwood Mine
was operational from 1962 to 1984, and it was joined by the
nearby Humphrey Main Pit (also known as the Carol East de-
posit), which entered production in 1964. As of 2018, there
were five operating pits in IOC’s Carol Project; Humphrey
Main/West/Sherwood (Plate 2), Humphrey South, Luce (Plate
3), Lorraine South and Moss Pit (Wabush 3), with one existing
pit to be reactivated (Spooks) and environmental assessment
registration documents submitted for a new pit at Smallwood
North (Iron Ore Company of Canada, 2018; Figure 6). The
Carol Project contains significant remaining reserves and re-
sources, with 1410 million tonnes of proven and probable re-
serves (at 38% Fe) and an additional 2486 million tonnes of
measured and indicated resources (Iron Ore Company of
Canada, 2015; Table 2).

Following an aeromagnetic survey of the Wabush Lake
area flown by IOC in 1951, three large magnetic anomalies,
later shown to represent iron-ore deposits, were identified to
the east of Wabush Lake, outside the concession area retained
by IOC. The mineral rights for these areas, later shown to
contain the Julienne Lake, Wabush Mountain and Scully de-
posits, were given to the Newfoundland and Labrador Cor-
poration (NALCO), who leased the concession to Canadian
Javelin Limited in 1953. Fieldwork from 1954 to 1956, in-
cluding mapping, drilling and additional geophysical surveys,
confirmed the presence of large iron-ore deposits (Knowles,
1955; Gastil, 1956). The largest of these deposits was the
Scully deposit, located between Little Wabush Lake and Long
Lake (Figures 2 and 3), and this deposit was subleased in
1957 by the Wabush Iron Company (formed by a number of
steel companies in Canada, the United States and Europe).
Production from this deposit, which came to be known as the
Scully Mine (Plate 4), began in 1965 and continued until the
mine was idled in 2014. In 2018, Tacora Resources Inc. an-
nounced plans to restart operations at the Scully Mine in
2019, and released new NI 43-101 compliant proven and
probable reserves of 444 million tonnes at 35% Fe (Ginac et
al.,2018).

Exploration in the southern Labrador Trough in Québec
began in the late 1940s, and in 1952 the Oliver Mining Divi-
sion, part of United States Steel Corporation, began explo-
ration over an area stretching 150 km southwest of the
Québec—Labrador border (Gross, 1968). This work delineated
a number of iron-ore occurrences, and the Québec Cartier
Mining (QCM) company was incorporated in 1957 to develop
the Lac Jeannine deposit. A new town was constructed at
Gagnon, close to the Lac Jeannine deposit, and a railway was
constructed from Port Cartier on the Québec North Shore.
The Lac Jeannine Mine commissioned in 1961, was active
until the resource was exhausted in 1977. A second mine was
located ~75 km north of Lac Jeannine at Fire Lake, which op-
erated from 1973 to 1984. In 1970, QCM began construction
of a third mine at Mont Wright, approximately 35 km south-
west of Labrador City (Figure 2). The Mont Wright deposit
is located along strike from the deposits in the study area, and
the mine has been active from 1974 through to the present
day. In order to provide living quarters to the workers at Mont
Wright, the community of Fermont was constructed close to
the Québec—Labrador border (Figure 2).

Outside of the mining leases, exploration for, and as-
sessment of, iron-ore occurrences in southwestern Labrador
were sporadic and intermittent. Much of this work was car-
ried out by IOC and LM&E, and included aeromagnetic sur-
veys, ground prospecting and diamond drilling. A total of
1405 drillholes were completed during reconnaissance ex-
ploration from the 1950s to the 1980s (Hulstein and Lee,
2001). However, many of these were only designed to test
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Plate 1. IOC concentrator and pellet plant, Carol Project.

bedrock geology in areas of poor exposure and the precise
location and/or rocks encountered in these drillholes are
often missing or poorly documented. In 2000, IOC initiated
a Resource Assessment Program (RAP) to define additional
iron-ore reserves outside of their mining lease (Cotnoir et
al., 2002). The initial stage of the RAP included compilation
of historical data, geophysical surveys (regional aecromag-
netic and ground-gravity surveys), geological mapping and
structural analysis, and prospecting and drilling on a number
of prospects (Cotnoir et al., 2002). Following this initial
evaluation, IOC carried out detailed exploration on a number

Plate 2. Humphrey Main pit, Carol Project.

of occurrences, with 112 diamond-drill holes being com-
pleted from 2001 to 2012.

In 2006, Altius Resources Inc. staked a number of claims
in the south of the study area, close to Mills Lake (Figures 2
and 3). The economic potential of this area was previously
evaluated during the RAP by IOC, but was considered a low
priority (Cotnoir et al., 2002). Subsequent work by Altius
from 2006 to 2008, and Alderon Iron Ore Corporation from
2010 to 2012, identified a number of iron-ore deposits on the
property (Rose Central, Rose North and Mills Lake deposits),

Table 2. Major active and dormant mines and developed prospects in the study area, including mineral reserves and resources

Reserves Resources
Proven and Measured and
Proven Probable Probable Measured Indicated Inferred Indicated
Project Deposit Status Mt % Mt % Mt % Mt % Mt % Mt % Mt %
Carol Project’ Luce Active 350 37 212 37 562 37 38 37 62 37 37 36 100 37
Humphrey Main Active 248 39 253 38 501 38 65 41 317 39 191 37 382 39
Humphrey South Active 205 39 89 38 294 39 65 40 70 40 125 38 135 40
Lorraine South Active 33 38 2 36 35 38
Spooks Dormant 15 43 3 44 18 43 18 39 73 43 19 41 91 42
Wabush 3 (Moss Pit)  Active 419 38 325 38 66 38 744 38
Wabush 6 Prospect 156 37 878 37 268 35 1034 37
Wabush Mines®> ~ Scully Dormant 145 35 299 35 444 35 214 35 521 34 237 34 735 35
Kamistiatusset ~ Rose Central Prospect 211 29 43 28 254 29 250 29 295 29 161 29 544 29
(Kami) Rose North Prospect 182 29 82 29 264 29 236 30 313 31 287 30 549 30
Project™ Mills Lake Prospect 51 31 131 30 75 29 181 30
Julienne Lake®  Julienne Lake Prospect 66 35 801 34 299 34 867 34
Total 1389 35 983 36 2372 35 1578 35 3784 35 1765 34 5362 35

"Mineral Resources exclude Mineral Reserves (Iron Ore Company of Canada, 2014)

2Mineral Resources include Mineral Reserves (Ginac et al., 2018)
3Mineral Resources include Mineral Reserves (Grandillo ez al., 2018)
“Mineral Resources include Mineral Reserves (Grandillo et al., 2012)
SCoates et al., 2010
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Plate 3. View of the Luce pit from observation deck.

Plate 4. Aerial view of Wabush Mines concentrator, with
Scully Mine in background.

which are grouped together as the Kamistiatusset (Kami)
iron-ore property (Lyons et al., 2013). The Kami property has
a total proven and probable mineral reserve of 518 Mt at 29%
Fe (Lyons et al., 2013; Grandillo et al., 2018; Table 2).

In 2010, the Government of Newfoundland and Labrador
conducted a drilling and trenching program, as well as a pre-
liminary metallurgical study, on the Julienne Lake deposit
(categorized as Exempt Mineral Land since 1975). The results
of the study were released in October 2012, with a measured
and indicated resource of 867 Mt at 33.7% Fe (Coates et al.,

11

2012; Table 2). Other companies carried out exploration in
the study area from 2007 to 2013, including Rio Tinto Canada
(formerly Kennecott Exploration Canada), Ridgemont Iron
Ore Corporation and Century Iron Mines. This work included
prospecting, geological mapping, diamond-drilling and geo-
physical surveys.

REGIONAL GEOLOGY

The Labrador Trough extends for more than 1100 km
from the northwest corner of Ungava Bay south to Lac Plétipi
(Figure 1; Neal, 2000; Clark and Wares, 2005). It is composed
of sedimentary and volcanic rocks collectively known as the
Kaniapiskau Supergroup (Zajac, 1974; Wardle and Bailey,
1981; Le Gallais and Lavoie, 1982; Clark and Wares, 2005),
which were deposited on the eastern margin of the Archean
Superior Craton during the Paleoproterozoic (2.17 to 1.87 Ga;
Rohon et al., 1993; Findlay et al., 1995; Machado et al.,
1997). The geology of the Labrador Trough records a long
history of rifting and passive margin sedimentation, described
in detail by a number of authors (e.g., Dimroth et al., 1970;
Zajac, 1974; Wardle et al., 1990; Wares and Goutier, 1990;
Wardle and van Kranendonk, 1996; Clark and Wares, 2005).
These authors focussed on the stratigraphy of relatively un-
deformed and unmetamorphosed Kaniapiskau Supergroup
sediments to the north of the study area, and the following
description is based on their work. As shown by Rivers
(1983a), and detailed below, the stratigraphic units defined
by these studies to the north are correlative with metasedi-
ments in the current study area.



The Kaniapiskau Supergroup is divided into three sedi-
mentary and volcanic cycles (Figure 7; Clark and Wares,
2005).

Cycle 1 (the lower cycle) is composed of immature sand-
stones and siltstones associated with rifting of the Superior
Craton. The immature sandstones and siltstones of the Sea-
ward Group were deposited in fluvial systems, during rifting,
on the eastern margin of the Superior Craton at least 2.17 bil-
lion years ago (Rohon et al., 1993), and are overlain by pas-
sive margin sedimentary and volcanic rocks. In western
Labrador, the Seaward Group is conformably overlain by the
Le Fer Formation of the Swampy Bay Group (Wardle and
Bailey, 1981). The Le Fer Formation was assigned to the
Swampy Bay Group by Clark and Wares (2005), and is com-
posed of a sequence of marine shales and siltstones. It has a
gradational upper contact with the Denault Formation
dolomite, with lensoidal interbedding locally observed
(Evans, 1978). The Denault Formation is grouped with the
Dolly and Fleming formations in the Attikamagen Group

Age Sgl:gjg Group Formation Cycle
Tamarack 3
River
Menihek
Ferriman Sokoman 2
© : Nimish
o S
5| & .
o ) Wishart
s | §
S S
Eu X Attikamagen
Svg\gpy Le Fer 1
Sawyer Lake
Seaward | Snelgrove Lake
Discovery Lake

Archean

Figure 7. Simplified stratigraphy of the Kaniapiskau
Supergroup and the underlying Archean basement in the
Schefferville Zone.

(Clark and Wares, 2005). The Attikamagen Group initially
formed as a dolomitic reef and subsequently deformed into a
series of basins and ridges. The shale and siltstone of the
Dolly Formation formed in the basins, and the distinctive
Fleming Formation chert breccias formed due to the erosion
of exposed and silicified Denault Formation carbonates and
evaporates (Wardle and Bailey, 1981).

Cycle 2 is a transgressive sequence of sedimentary rocks
that are grouped together as the Ferriman Group (Clark and
Wares; 2005). The group includes the shelf-type rocks of the
Wishart and Sokoman formations at the base, and deeper
water turbidites of the Menihek Formation at the top (Wardle
and Bailey, 1981; Clark and Wares, 2005). Some authors have
suggested that the boundary between Cycle 1 and Cycle 2
may represent a major hiatus in sedimentation of >175 Ma
(Clark and Wares, 2005). However, mapping in the Schef-
ferville area indicates that the contact between the Attikama-
gen and Ferriman groups is locally conformable, with local
interbedding between the Wishart Formation at the base of
Cycle 2 and the underlying Denault and Fleming formations
of Cycle 1 (Harrison, 1952; Baragar, 1967; Zajac, 1974; Clark
et al., 2006). This suggests that the Cycle 1 and Cycle 2 sed-
imentary rocks represent almost continuous sedimentation
from >2142 to <1880 Ma, and the apparent hiatus in sedi-
mentation may be related to the paucity of available
geochronological data.

The Wishart Formation is composed mainly of ortho-
quartzites, siltstones and shales deposited in a high-energy
shelf environment. It is overlain by the Sokoman Formation,
a 30- to 350-m-thick sequence of cherty, iron-rich sedimen-
tary rocks that hosts all the known iron-ore deposits in the
Labrador Trough. Stratigraphic and sedimentological studies
of the Sokoman Formation in the Schefferville area show that
it was deposited in a shallow, to moderately deep, shelf envi-
ronment (Zajac, 1974; Pufahl ef al., 2014), with significant
lateral and vertical facies variations that represent changes in
basin architecture and relative sea level. It has been tradition-
ally subdivided into three units, the Upper, Middle, and
Lower iron formations, which, in turn, are subdivided into a
number of distinct subunits (Zajac, 1974; Klein and Fink,
1976; Wardle, 1979). The Lower Iron Formation is predom-
inantly an iron oxide-poor carbonate—silicate-facies (Plate 5).
This grades upward into the Middle Iron Formation, domi-
nated by an oxide facies and abundant hematite and/or mag-
netite (commonly >50%) and sugar-textured quartz (Plates 6
and 7). The Upper Iron Formation is another iron oxide-poor,
carbonate—silicate-facies.

A distinct dark-green to black ferruginous shale (Plate 8)
at the base of the Sokoman Formation is sometimes separated
into a discrete formation termed the Ruth Formation (e.g.,
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Plate 5. Silicate Carbonate Iron Formation (SCIF) facies at Plate 7. Lower Red Cherty (LRC) facies of the Middle Iron
the base of the Sokoman Formation, showing characteristic Formation of the Sokoman Formation.

orange weathering of Fe-silicates.

B : s N

Plate 6. Outcrop of the Upper Red Cherty (URC) facies of Plate 8. Fissile and carbon-rich shales of the Ruth Formation
the Middle Iron Formation of the Sokoman Formation in the at the base of the Sokoman Formation in the central Labrador
central Labrador Trough. Trough.

Pufahl et al., 2014). However, the Ruth Formation is chemi- In places, Cycle 2 is unconformably overlain by the
cally, genetically and mineralogically related to the Sokoman Tamarack River Formation arkosic sandstones and siltstones
Formation, and Zajac (1974) proposed that it be considered a (Cycle 3), which are interpreted as a synorogenic molasse.

unit of the Sokoman Formation rather than a distinct forma-

tion. The Sokoman Formation is also locally interbedded with LITHOTECTONIC ZONES AND METAMORPHIC
a sequence of mafic to intermediate volcanic and volcanoclas- TERRANES IN WESTERN LABRADOR

tic rocks of the Nimish Formation (Evans, 1978). A syenite

cobble from a polymictic conglomerate in the Nimish For- In western Labrador, the rocks of the Labrador Trough
mation yielded a U-Pb age of 1877.8 £ 1.3 Ma, and inter- are divided by the Grenville Front (Figure 8), which marks
preted as an approximate age for the coeval Sokoman the northern limit of deformation associated with the Grenvil-
Formation (Findlay et al., 1995). The Sokoman Formation is lian Orogeny in the latest Mesoproterozoic to earliest Neo-
overlain by deep-water turbidites (shales and siltstones) of proterozoic (Rivers, 1983a; Rivers ef al., 1993). North of the
the Menihek Formation. Grenville Front, the rocks are subdivided into a series of litho-

tectonic zones, each with internally similar lithological as-
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Figure 8. Location of major lithotectonic zones in the Labrador Trough and limits of deformation associated with the Hudsonian
and Grenville orogenies. Compiled from Wardle and Bailey (1981); Clark and Wares (2005) and van Gool et al. (2008).

semblages and structural styles that are separated by thrust the eastern margin of the trough, in an area north of latitude
faults or erosional unconformities (Wardle and van Kranen- 54°30°N (Figure 8).

donk, 1996; Clark and Wares, 2005). In western Labrador, the

Tamarack and Schefferville zones form the western and The Tamarack Zone is composed of autochthonous sed-
southern portion of the Labrador Trough, with other lithotec- iments occurring on the western margin of the Labrador
tonic zones (Howse, Hurst, Retty and Laporte) restricted to Trough, which unconformably overlie the Archean Superior
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Provence, including the granulite to upper-amphibolite-facies
rocks of the Ashuanipi Complex in western Labrador (Perci-
val, 1987; van Nostrand and Bradford, 2014). The Tamarack
Zone includes rocks of the Wishart, Sokoman and Menihek
formations of Cycle 2, as well as the Tamarack River Forma-
tion of Cycle 3 (Figure 9). The rocks of the Tamarack Zone
generally lie west of the Hudsonian Front and were largely
undeformed during the New Québec Orogen (with only minor
folding and slaty cleavage development in the Menihek For-
mation (Harrison et al., 1972).

The Schefferville Zone is parautochthonous to allochtho-
nous and is composed of Cycle 1 and Cycle 2 sediments (Fig-
ure 9). These sediments, and associated volcanic rocks, were
deformed during the New Québec Orogen, which records the
oblique convergence and collision of the Archean Superior
Craton to the west and an Archean core zone to the east at
1.82to 1.77 Ga (Wardle et al., 1990, 2002). The Schefferville
Zone can be further subdivided into two subzones, with dis-
tinct stratigraphic and structural characteristics (Harrison et
al., 1972; Conliffe, 2015; Figure 9).

South of the Grenville Front, the rocks of southwestern
Labrador form three metamorphic terranes; the Lac Joseph,
Molson Lake and Gagnon terranes (Figure 8; van Gool, 1992;

Tamarack Zone
Ore Subzone

Cycle 3 /_ ——
Cycle 2 :
Cycle 2 v ! Cycle 2
Cycle 1
Total
Thickness
~500 m
2?7 7 :
Total ~ Cycle 1
Thickness
> 1000 m

Schefferville Zone

Rivers et al., 1993; Connelly ef al., 1995). The Paleoprotero-
zoic rocks of the Lac Joseph Terrane were metamorphosed to
upper amphibolite- to granulite-facies during the Labradorian
Orogeny (~1670 to 1620 Ma), and were subsequently em-
placed over the Molson Lake Terrane late in the Grenvillian
Orogeny (Connelly, 1991). The Molson Lake Terrane is dom-
inated by granitoid gneisses of the Trans-Labrador Batholith
(~1650 Ma) that are intruded by the Mesoproterozoic
Shabogamo Gabbro (Connelly, 1991; Connelly ef al., 1995).
The gneisses of the Molson Lake Terrane were originally
mapped as metamorphosed equivalents of the Le Fer Forma-
tion shales (e.g., Rivers, 1985a, b; Rivers and Massey, 1985),
and this is reflected in much of the published company data
from this region. However, more detailed mapping and U-Pb
geochronology reclassified these rocks as the southwest ex-
tension of the Trans-Labrador Batholith (Connelly, 1991; van
Gool, 1992; Connelly and Heaman, 1993). The Molson Lake
Terrane was subsequently deformed and metamorphosed dur-
ing the Grenvillian Orogeny at ~1000 Ma (Connelly and Hea-
man, 1993; Connelly et al., 1995; Rivers et al., 2002), and it
structurally overlies the Gagnon Terrane to the northwest. The
Gagnon Terrain is host to all of the iron-ore deposits of south-
ern Labrador, and it’s stratigraphic, structural and metamor-
phic characteristics are discussed further in the following
Geology of the Gagnon Terrane Section.
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Figure 9. Schematic stratigraphy of the Kaniapiskau Supergroup in the Tamarack and Schefferville zones in the central Labrador

Trough.
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GEOLOGY OF THE GAGNON TERRANE

STRATIGRAPHY

The metasedimentary rocks of the Gagnon Terrane repre-
sent the continuation of the Kaniapiskau Supergroup south of
the Grenville Front. This section consists of a brief description
of the main rock types (in ascending order from oldest to
youngest), excluding the Sokoman Formation, which is de-
scribed in detail in the Sokoman Formation Section. This is fol-
lowed by a short discussion on the nature of the sedimentary
basin prior to deformation, and on the difficulties in distin-
guishing between various quartzofeldspathic units in the field.

The similarities between the rocks of the Wabush Lake
area and those of the Kaniapiskau Supergroup in the Schef-
ferville area were recognized by Neal (1950a). However, the
high degree of metamorphism south of the Grenville Front
complicated stratigraphic interpretations and the rocks were
given separate stratigraphic names, with those to the south
commonly referred to as the Gagnon Group (Dimroth et al.,
1970; Muwais, 1974). Further mapping demonstrated that
these units are continuous across the Grenville Front, and
Rivers (1980d) proposed that this dual nomenclature be aban-
doned, and that the formational names of the Ka-
niapiskau Supergroup be adopted across the
Grenville Front and throughout the Labrador
Trough. The correlation between the formations

ognized in the study area. It is referred to the Attikamagen
Formation by Rivers (1980d, 1983a, b), van Gool (1992) and
van Gool et al. (2008), and has been named the Katsao For-
mation in a number of company reports (e.g., Lyons et al.,
2013; Steele, 2013). However, as it represents the metamor-
phic equivalents of the Le Fer Formation shales, siltstones
and greywackes that are present north of the Grenville Front,
it is herein referred to as the Le Fer Formation to preserve the
stratigraphic continuity.

The Le Fer Formation consists of white to light-brown,
banded, medium- to coarse-grained quartzofeldspathic schists
and gneisses (van Gool, 1992). Its mineralogy is predomi-
nantly quartz—plagioclase—biotite + K-feldspar + garnet and
aluminous layers composed of quartz—plagioclase—muscovite
+ staurolite = kyanite (Rivers, 1983b; van Gool et al., 2008).
The eastern portion of the Le Fer Formation was deposited
in a deep-water turbiditic environment and has stratigraphic
thicknesses up to 300 m. It is commonly interbedded with
thin units of dolomitic marble, calc-silicates, and metavol-
canic amphibolites (possible equivalents of the Denault and
McKay River formations. The Le Fer Formation thins to the
west, where it represents clastic slope deposits in shallow to
moderate water depths (van Gool, 1992). On the western edge

Table 3. Stratigraphic correlations between the formations of the Gagnon
Group (as defined by Clarke, 1965) and those of the Kaniapiskau Super-
group in the central Labrador Trough (adapted from Rivers, 1980d)

recognized in the Gagnon Group and those of the

Kaniapiskau Supergroup are shown in Table 3. Al-
though only the formation names defined in the
Kaniapiskau Supergroup are used throughout the
remainder of this document, the reader is cau-
tioned that all pre-1980 publications, and some re-
cent company assessment reports, refer to the
former nomenclature.

Ashuanipi Complex

The Ashuanipi Complex is a granulite-grade
sub-province of the Archean Superior Province
that forms the basement rocks in the study area. It
is primarily composed of mafic, intermediate and
felsic, migmatitic orthogneiss and paragneiss and
has been described in detail by James (1997).
South of the Grenville Front, the Ashuanipi Com-
plex has been variably retrogressed and reworked
by Grenvillian metamorphism and deformation
(van Gool, 1992; van Gool et al., 2008).

Le Fer (Attikamagen) Formation

The Le Fer Formation is the oldest metasedi-
mentary unit in the Kaniapiskau Supergroup rec-

Former Nomenclature (pre-1980)

Current Nomenclature

Gagnon Group Kaniapiskaue Supergroup
Middle Proterozoic Middle Proterozoic
Shabogamo Gabbro Shabogamo Intrusive Suite
Lower Proterozoic Lower Proterozoic

Nault Formation
Wabush Formation
Huguette Formation'
Wapussakatoo (or Carol) Formation
Felix Formation®
Nault Metavolcanics
Duley Formation
Katsao Formation

Archean
Ashuanipi Complex

Menihek Formation
Sokoman Formation
Ruth Formation
Wishart Formation
Dolly Formation
McKay Formation®
Denault Formation
Le Fer Formation*

Archean
Ashuanipi Complex’

Discontinuous unit at base of Sokoman Formation (Dimroth et al., 1970), not included in
Gagnon Group by most authors and can be considered a basal unit of the Sokoman Formation
Discontinuous unit only recognized south of the study area by Jackson (1976), not included

in Gagnon Group by most authors

3Stratigraphic position varies, may correlate in part with the Nimish Formation (Noel, 1992)

4Commonly referred to as Attikamagen Formation

SCommonly referred to as Ashuanipi Metamorphic Complex
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of the basin, the Le Fer Formation tapers out completely, leav-
ing the upper stratigraphy resting conformably on the base-
ment rocks of the Ashuanipi Complex (Figure 10).

Denault Formation

The Denault Formation occurs to the east and south of
Wabush Lake, where it forms a narrow strip conformably
overlying the Le Fer Formation (Figure 4). The Denault For-
mation consists of coarse-grained, banded to massive,
dolomitic marble (dolomite—calcite + quartz), having minor
calc-silicate phases (tremolite, diopside, talc), and rare fluo-
rite- and phlogopite-rich horizons (van Gool et al., 2008). In
the study area it is extensively recrystallized and is devoid of
any original sedimentary textures. However, in proximity to
the Grenville Front, the Denault Formation is locally stroma-
tolitic (Brown et al., 1992), and van Gool (1992) interpreted
the Denault Formation dolomite as a stromatolitic reef on the
edge of a continental shelf separating a platformal environ-
ment to the west from deep-water basins to the east. van Gool
(1992) indicated that the Denault Formation is in direct con-
tact with the Sokoman Formation in the east of the study area.

East of Wabush Lake, the Denault Formation has been
subdivided into three units; a lower silicate-rich unit transi-
tioning into the underlying Le Fer Formation, a middle low-
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silica unit (<5% SiO,), and an upper silica-rich unit having
minor quartzite layers (Campbell and Simpson, 1987). The
low silica unit has been mined for dolomite by IOC in a num-
ber of locations east of Wabush Lake since 1986, with the
Leila Wynne dolomite mine having been active from 1989 to
2005, and the Plateau dolomite mine active since 2009. The
dolomite is used as a flux in the smelting process for the pro-
duction of iron-ore pellets.

Dolly Formation

The Dolly Formation is located stratigraphically above
the Denault Formation in the Schefferville Zone, but has not
been reported in the study area. However, Jackson (1976) de-
scribed metasediments similar to the Le Fer Formation strati-
graphically above the Denault Formation to the south of the
study area, which he called the Félix Formation and which
may represent a metamorphosed equivalent of the Dolly For-
mation (Rivers, 1980d).

McKay River Formation

The McKay River formation is an informal name that has
been applied to a wide variety of meta-volcanic and meta-
tuffaceous rocks that occupy different stratigraphic positions
throughout the Kaniapiskau Supergroup. These rocks com-
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Figure 10. Schematic restored cross-sections through the continental margin in the study area prior to Grenvillian deformation
(from van Gool, 1992). Location of cross-sections shown in Figure 4.



monly occur to the north of the study area, where they are
subdivided into two allochthonous sequences of mafic and
ultramafic volcanic rocks (McKay River and Rose Bay for-
mations; Noel, 1992) and a series of fine-grained chlorite—
actinolite schists associated with the Sokoman Formation
(possible equivalents of the Nimish Formation; Noel, 1992).
In the study area, the McKay River formation refers to thin
(generally less than 20 m thick) lenses derived from mafic
volcaniclastic sediments. The lenses occur either as amphi-
bolites within the Le Fer Formation in the east of the area, or
as chlorite—actinolite schists within the Sokoman Formation
and at the base of the Menihek Formation to the west (van
Gool, 1992).

Wishart Formation

The Wishart Formation forms a distinctive marker hori-
zon in the study area. Where present, it conformably overlies
the Denault Formation or the Le Fer Formation. It shows
considerable lateral variations in thickness, with a maximum
thickness of ~200 m south of Lorraine Lake (van Gool,
1992). The Wishart Formation is not present to the north of
Goethite Bay (Figures 2 and 4), and is absent in drillholes
both to the west and southeast of the study area, where the
Sokoman Formation directly overlies the Archean basement
and the Denault Formation, respectively (Lyons et al., 2013;
Steele, 2013).

The lower part of the Wishart Formation consists of fine-
to medium-grained pelitic schists, composed of quartz—mus-
covite—sericite + garnet + staurolite + kyanite (van Gool,
1992). Above this, the Wishart Formation occurs as white,
medium- to coarse-grained quartzite, with quartz >> carbon-
ate £ amphibole = muscovite + garnet = hematite. This
quartzite is generally massive with no sedimentary structures
preserved, and forms a series of prominent ridges to the north
and west of Labrador City. When weathered, the quartzite is
extremely friable and has a sugary texture (Meyer and Dean,
1987). A number of high-purity silica occurrences occur in
the study area (Meyer and Dean, 1987), and high-quality sil-
ica (98-99%) was mined from 1999 to 2009 at Roy’s Knob,
located approximately 0.5 km southeast of the Luce deposit.

The upper contact of the Wishart Formation with over-
lying units is variable across the study area. In the Carol Lake
area, the upper part of the Wishart Formation has been de-
scribed as a distinct unit having a gradational contact with the
overlying Sokoman Formation (Muwais, 1974). The upper
part of the Wishart Formation is composed of alternating car-
bonate (+ grunerite) and quartz-rich bands, and lesser layers
of muscovite- and biotite-rich schists. Elsewhere, this carbon-
ate-rich upper unit is absent, resulting in the massive
quartzites of the Wishart Formation having a sharp contact
with the Ruth or Sokoman formations.
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Ruth Formation

In the central Labrador Trough, the ferruginous shales of
the Ruth Formation overlie the Wishart Formation, and are
often included as a subunit of the Sokoman Formation (Zajac,
1974). Although the Ruth Formation has not been formally
traced across the Grenville Front (Rivers, 1980d), early map-
ping identified a thin (<30 m thick), discontinuous unit at the
base of the Sokoman Formation, which was referred to as the
Huguette formation (Gastil and Knowles, 1960; Jackson,
1963; Dimroth et al., 1970). This unit is described as a
quartz—mica + feldspar schist, and was considered to be the
metamorphosed equivalent of the Ruth Formation shales
(Dimroth et al., 1970; Rivers, 1980d). A distinctive Fe-sili-
cate-rich lithology with common garnet porphyroblasts (pos-
sibly correlative with the Ruth Formation), is also recorded
at the base of the Sokoman Formation in a number of deposits
to the east and south of Wabush Lake; e.g., Julienne Lake
(Conliffe, 2013); Scully deposit (O’Leary, 1973; Farquharson
and Thalenhorst, 2006), and Rose and Mills Lake deposits on
the Kami property (Lyons et al., 2013), and is discussed in
the Wabush Basin Section.

Menihek Formation

The Menihek Formation consists of a 15- to 75-m-thick
sequence of semipelitic to pelitic schist and gneiss, and forms
the top of the Kaniapiskau Supergroup. In the north and west
of the study area, it is fine grained, well foliated, dark-grey
to black, and consists of quartz—muscovite—biotite—chlorite +
garnet + plagioclase (van Gool, 1992). To the southwest, the
metamorphic grade increases, and the Menihek Formation oc-
curs as a medium-grained, porphoblastic unit having a min-
eralogy similar to the Le Fer Formation, making differ-
entiating between the two difficult in the field (Rivers, 1983b;
van Gool, 1992). The Menihek Formation is commonly
graphitic, with layers of massive- to semi-massive graphite
(+ sulphides). A number of graphite prospects are hosted in
the Menihek Formation in the study area, and the Lac Knife
graphite deposit is located approximately 30 km south of Fer-
mont (proven and probable reserves of 7.86 Mt at 15.13%
graphitic carbon).

Shabogamo Gabbro

The Shabogamo Gabbro is composed predominantly of
medium- to coarse-grained olivine gabbro, minor norite and
anorthositic gabbro, and rare ultramafic cumulate rocks
(Gower et al., 1990). In the Gagnon Terrane, the Shabogamo
Gabbro occurs as sills within the metasediments having un-
dergone greenschist- to upper amphibolite-facies metamor-
phism (Indares and Rivers, 1995). In the Molson Lake
Terrane, the abundance of gabbro increases, commonly oc-
curring as small plutons and dykes that have reached epidote-



facies metamorphism (Indares and Rivers, 1995). Connelly
and Heaman (1993) reported a U-Pb age of 1459 +23/-22
from the Shabogamo Gabbro in the Molson Lake Terrane,
which is interpreted to represent the intrusion age of the gab-
bro sills in the Gagnon Terrane.

Similarities between the Shabogamo and Michel gabbros
(in eastern Labrador) were noted by Gower et al. (1990), who
suggested they represent a broadly contemporaneous mag-
matic event having a strike length of more than 750 km.
Geochronological evidence (Connelly and Heaman, 1993)
supports this contention, and geochemical and isotopic data
suggests comparable parental sources within the subcontinen-
tal lithospheric mantle (Emslie et al., 1997).

Michel Lake Pluton

The Michel Lake Pluton is the largest example of a num-
ber of foliated tonalitic intrusions that occur within the Le Fer
Formation. The intrusions display a gneissic banding and con-
sist mainly of plagioclase—quartz—biotite + muscovite. Al-
though the age of the intrusions is unknown, they have been
affected by the same deformation and metamorphism as the
surrounding metasediments, and therefore must have been in-
truded after deposition of the Kaniapiskau Supergroup, but
before Grenvillian deformation (van Gool, 1992).

Restoration of the Sedimentary Basin

Rivers (1983a) and van Gool (1992) developed
schematic palinspastic reconstructions of the sedimentary
basin in the study area, which indicate that the sedimentary
sequence was deposited on a subsiding continental margin
on the eastern edge of the Superior Province, similar to
models developed from elsewhere in the Labrador Trough
(Wardle and Bailey, 1981). Despite the extensive deforma-
tion of the sediments after deposition, van Gool (1992) sug-
gested that the rapid lateral changes in stratigraphic
thickness were related to original lateral variations, likely
due to basement topography at the time of deposition. van
Gool (1992) conceived two schematic cross-sections
through the basement (Figure 10) that displayed the spatial
relationship between the sedimentary units. In the northeast,
close to the margin with the Superior Province, a thin veneer
of Sokoman and Menihek formations sediments (minor
Wishart Formation) were deposited onto the Archean base-
ment. This is similar to the stratigraphy represented in the
Tamarack Zone to the north. The lower stratigraphic units
appear to the south and east of the study area, indicating that
the basin deepens to the southeast. He suggested that this
marked a significant break in the stratigraphy, with the sed-
iments of the Le Fer Formation to the east representing con-
tinental slope deposits.
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Distinguishing between Metamorphosed Rock Units

The Le Fer Formation, Menihek Formation, and Ashua-
nipi Complex gneisses and granitoid gneisses of the Molson
Lake Terrane are all quartzofeldspathic rocks, making distin-
guishing between the different rock units difficult in the field,
particularly when the rocks have been exposed to high-grade
metamorphism. This has led to difficulties in interpreting the
geology and accounts for significant differences between var-
ious published and unpublished geological maps of the study
area (see Rivers, 1980a; Connelly, 1991).

Rivers (1980a, b, ¢; 1985a, b) and Rivers and Massey
(1985) indicated that the Le Fer Formation rocks are domi-
nant in the east of the study area, in the region now recognized
as the Molson Lake Terrane. Although Connelly (1991)
showed that these rocks are significantly younger than the
Kaniapiskau Supergroup metasediments and classified them
as part of the Trans-Labrador Batholith (~1650 Ma), no up-
dated maps have been published, and most industry-derived
publications show this area as being underlain by Le Fer For-
mation gneisses.

Differentiating between the Menihek and Le Fer forma-
tion gneisses and basement rocks of the Ashuanipi Complex
is also difficult, as they all appear as gneisses or pelitic schists
(van Gool, 1992). The Menihek Formation is locally distin-
guished due to the presence of graphitic layers, or by deter-
mining its stratigraphic position above the Sokoman
Formation. However, its stratigraphic position can often be
difficult to determine, and in the north the graphite-poor
schists of the Menihek Formation are very similar to phyllitic
basements rocks in areas of high strain and lower metamor-
phic grades (van Gool, 1992). This led Klein (1966) to group
the Menihek Formation (then called the Nault Formation)
with the Ashuanipi Complex basement rocks.

As the Le Fer Formation directly overlies the Ashuanipi
Complex, these rocks cannot be differentiated based on strati-
graphic relations. van Gool (1992) provided a number of dis-
tinctive characteristics that can be used as criteria to
determine the protolith of these rock units. The Ashuanipi
Complex locally contains felsic and mafic interlayers and
low-strain lenses of granulite-grade rocks or granitoids, and
it’s mineralogy is composed of common K-feldspar, amphi-
bole and epidote, whereas garnet, aluminosilicates and mus-
covite are only rarely recorded. In contrast, the Le Fer
Formation has abundant muscovite and garnet in pelitic
schists, but K-feldspar and amphiboles are uncommon.

STRUCTURAL GEOLOGY

The Gagnon Terrane lies south of the Hudsonian Front
(Figure 8; Wardle and Bailey, 1981) and, therefore, was not



affected by deformation associated with the New Québec
Orogen. Although unequivocal evidence for deformation dur-
ing the Labradorian Orogeny (~1670 to 1620 Ma) is absent,
Brown (1991) reported that deformation of Gagnon Terrane
metasediments ~100 km northeast of Labrador City predates
emplacement of the Shabogamo Gabbro and therefore may
be related to the Labradorian Orogen. Further evidence for
pre-Grenvillian deformation is suggested by the presence of
folded inclusion trails in garnets from the southeast of the
study area (van Gool, 1992). However, for the most part, it is
believed that the Kaniapiskau Supergroup sediments were es-
sentially undeformed prior to the Grenvillian Orogeny (Figure
11A; van Gool et al., 2008).

During the Grenvillian Orogeny, the Gagnon Terrane was
extensively deformed as part of a foreland-directed fold-thrust
belt (Rivers, 1983a; van Gool et al., 2008). This deformation
was associated with the emplacement of the Molson Lake
Terrane as an orogenic wedge above the Gagnon Terrane
along a ductile shear zone (Figure 11B), and subsequent basal
accretion of the Kaniapiskau Supergroup sedimentary rocks
into the thrust wedge (Figure 11C-E; van Gool, 1992; van
Gool et al., 2008). This basal accretion was, in part, controlled
by the reactivation of Paleoproterozoic normal faults within
the Archean basement rocks (van Gool et al., 2008). van Gool
(1992) and van Gool et al. (2008) identified two northwest-
vergent thrust systems within the Gagnon Terrane. The upper
thrust system is thin skinned and dominated by rocks of the
Kaniapiskau Supergroup (Figure 11C, D). It consists of a
number of ductile-deformed imbricated thrust sheets (~200
m to several kilometres thick; van Gool, 1992). The basal de-
tachment of the upper thrust sheet lies close to the contact be-
tween the Kaniapiskau Supergroup and the underlying
Archean basement rocks of the Ashuanipi Complex, with
only thin slices of basement rocks incorporated into these
thrust slices (Figure 11C-E). The development of the thick-
skinned thrusting in the lower sheet postdates the emplace-
ment of the upper thrust sheet, and formed along a basal
detachment several kilometres deep in the Archean basement
(Figure 11E). The lower thrust system predominantly affects
Archean basement rocks, with weakly deformed, kilometre-
thick thrust sheets separated by steeply dipping ductile shear
zones (van Gool, 1992). These thrusts formed due to reacti-
vation of normal faults in the basement under oblique con-
vergence with the Molson Lake Terrane (van Gool et al.,
2008). This oblique collision is also responsible for the de-
velopment of several kilometre-scale north-northwest-
trending ductile shear zones, including the Flora Lake Shear
Zone and the Julienne Lake Fault Zone (van Gool, 1992).
Overall, this Grenvillian deformation resulted in significant
crustal shortening. The amount of shortening accommodated
by the upper thrust system may have been as much as 50 to
100 km (van Gool et al., 2008).
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All internal deformation of the thrust sheets is ductile,
with three episodes of deformation and folding recognized
(van Gool, 1992; van Gool et al., 2008). The D, structures in-
clude a pervasive southeast-dipping foliation (S,) and south-
southeast-dipping lineation (L,) in the upper thrust system
and shear zones in the lower thrust system (van Gool, 1992).
The F, folds are generally tight to isoclinal and have a west
to southwest vergence (Cotnoir et al., 2002). During progres-
sive deformation and thrusting, the D, structures were folded
into northwest- to west-verging F, folds (van Gool, 1992;
Cotnoir et al., 2002). The tight to isoclinal F, folds are diffi-
cult to distinguish from F, folds in the field without evidence
of fold-interference patterns (Cotnoir et al., 2002). van Gool
et al. (2008) demonstrated that D, and D, structures represent
progressive stages of deformation within the fold—thrust belt,
with D, structures forming during basal accretion at the base
of the master thrust and D, structures related to the displace-
ment of the overriding wedge toward the foreland. The final
phase of deformation associated with the Grenvillian
Orogeny is represented by open, southeast-plunging, kilome-
tre-scale F; cross folds, which postdate all D, structures. The
F; folds formed during gravitational collapse in a sinistral
transpressive setting (van Gool et al., 2008) and are common
in the southeast of the study area.

LITHOTECTONIC DOMAINS

van Gool (1992) and van Gool ef al. (2008) subdivided
the study area into five lithotectonic domains (Figure 12),
each consisting of one or more thrust sheets. Geological
cross-sections through these five domains are shown in Figure
13. From northwest to southeast these domains are:

e Domain [: Domain I straddles the northern limit of the
Grenville Front and is composed predominantly of
Archean basement rocks having a veneer of cover rocks
(Sokoman and Menihek formations) in the north of the
study area. These thrust sheets are cut by widely spaced
Grenvillian shear zones but otherwise appear to be unaf-
fected by Grenvillian deformation on an outcrop scale.

e Domain II: Thrust sheets in Domain II are 100 m to sev-
eral hundreds of metres thick, are predominantly com-
posed of rocks of the Menihek and Sokoman formations
and have thin slivers of reworked basement rocks. These
rocks are strongly deformed, have well-developed S, fab-
rics, and common interference patterns are observed be-
tween F, and F, folds.

e Domain III: This wedge-shaped series of thrust sheets is
only present in the northern part of the study area and are
variably composed of intensely deformed basement
rocks (previously mapped as Le Fer Formation), lenses
of undeformed basement rocks and minor Menihek and
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Figure 11. Schematic tectonic model for the development of the dual-level, fold—thrust belt in the Gagnon terrane, with open
and filled triangles as control points. A) The extended Archean basement with inactive Paleoproterozoic normal faults and Knob
Lake Group prior to the Grenvillian Orogeny; B) Emplacement of the Molson Lake terrane as a thrust wedge on top of the ex-
tended Paleoproterozoic continental margin; C and D) Progressive development of the thin-skinned, upper-level thrust stack;
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see text and van Gool et al. (op. cit.) for detailed discussion.
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Lithotectonic Domains

Domain I: Thrust sheets composed predominantly of
undeformed Archean basement gneisses

Domain II: Thin (<100 to 500 m) thrust sheets
consisting predominantly of upper Kaniapiskau
Supergroup and minor reworked basement rocks

Domain llI: Intensely deformed basement rocks
(previously identified as Le Fer Formation) and minor
upper Kaniapiskau Supergroup rocks

Domain IV: Metasedimentary rocks of the Kaniapiskau
Supergroup, in the south folded into km-scale north-
northeast-trending folds (F,)

Domain V: Dominantly Le Fer Formation and lesser
other rocks of the Kaniapiskau Supergroup, strongly
folded in into northwest-verging F2 folds that are
overprinted by southeast-plunging, km-scale F3 folds

Denault Dolomite (Domains IV and V), Marking the
proposed edge of the continental shelf

Thrust Fault

Strike Slip Fault

NI DODRON

Provincial Border

Sokoman formation cover rocks. Deformation is similar
to Domain II, but an open F; synform marks the most
northerly evidence for D, deformation.

Domain IV: Kaniapiskau Supergroup rocks dominate
having minor amounts of reworked basement. In the
south of Domain IV, the Kaniapiskau Supergroup is
folded into northwest-vergent F, folds overprinted by
southeast-plunging F, folds, and interference between F,
and F, folds is important in developing economic thick-
nesses of iron formation (see Grenvillian Deformation
and Metamorphism Section; Cotnoir et al., 2002). van
Gool et al. (2008) indicated that the Denault Formation
at the proposed edge of the former continental shelf
marks the eastern margin of Domain IV.

Domain V: East of Wabush Lake, Domain V is mainly
composed of the deep-water sediments of the Le Fer For-
mation, and is intruded by gabbro of the Shabogamo
Gabbro. These rocks retain little evidence of D, defor-
mation, and are characterized by northwest-verging F,
folds overprinted by southeast-plunging F; folds. van
Gool (1992) and van Gool et al. (2008) grouped the rocks
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Figure 12. Lithotectonic domains in the study area, as defined by van Gool (1992) and van Gool et al. (2008). C-C’, D-D’, E-
E’refer to cross-sections shown in Figure 13. Adapted from van Gool et al. (2008).

south of Wabush Lake (Duley Lake thrust sheet of van
Gool, 1992) in Domain V. However, this thrust sheet con-
tains an almost complete sequence of Kaniapiskau Su-
pergroup metasediments, with similar deformation to the
southern portion of Domain IV. In addition, regional
acromagnetic data (Figure 5) suggest that the areca
mapped as Domain V north of Labrador City represents
a southern extension of the Lorraine Lake thrust sheet of
van Gool (1992). Therefore, it is likely that rocks south
of the Flora Lake Shear Zone belong to Domain IV, with
D, deformation becoming stronger to the south.

REGIONAL METAMORPHISM

Regional-scale metamorphism in the Gagnon Terrane
is associated with the terminal stages of the Grenvillian
Orogeny (~1005 to 980 Ma; van Gool et al., 2008), where
peak metamorphic grades ranged from lower-greenschist to
upper-amphibolite facies (Rivers, 1983a, b; van Gool, 1992;
van Gool ef al., 2008). Regionally, the area exhibits an in-
verted metamorphic grade, with the highest P-T conditions
in the structurally higher thrust sheets to the southeast (litho-
tectonic domains IV and V), and lower P-T rocks in the
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structurally lower thrust sheets of lithotectonic domains I
and II, close to the Grenville Front (van Gool, 1992; van
Gool et al., 2008).

Rivers (1983b) presented a petrographic study of pelitic
and quartzofeldspathic rocks of the Le Fer and Menihek for-
mations in which he identified six metamorphic zones, sepa-
rated by north- to northeast-trending isograds (Figure 14).
These zones are, in order of increasing metamorphic grade:
Zone 1: chlorite—muscovite; Zone 2: chlorite—-muscovite—bi-
otite; Zone 3: muscovite-biotite—garnet; Zone 4: muscovite—
staurolite—kyanite; Zone 5: muscovite-biotite—garnet— kyanite;
and Zone 6: kyanite-biotite—garnet-leucosome (Rivers, 1983b;
van Gool et al., 2008). A detailed description of the petrology
and metamorphic reactions of each zone is given in Rivers
(1983b). van Gool (1992) carried out a geothermobarometric

study of garnet-bearing metapelites and calculated the peak
metamorphic conditions for zones 3 to 6, where the estimated
peak P-T conditions for these zones are shown in Figure 14.
This work showed that depth of burial increased from ~18 km
in Zone 3 to ~30 km in Zone 6, and a corresponding increase
in temperature of ~ 300°C (van Gool et al., 2008).

SOKOMAN FORMATION

The Sokoman Formation (Wabush Formation) con-
formably overlies the Wishart Formation quartzites. In areas
where the Wishart Formation is absent, the Sokoman Forma-
tion unconformably overlies the Denault Formation or Ashua-
nipi Complex basement rocks. The actual thickness of the
Sokoman Formation is difficult to determine due to complex
folding and thrusting. The current thickness varies from >100
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Figure 14. Map showing metamorphic zones and isograds in pelitic and semipelitic rocks in the Gagnon terrane (after Rivers,
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m in the north and east of the study area (van Gool, 1992;
Steele, 2013) to more than 250 m in the Carol Lake area
(Muwais, 1974), and between 200 and 350 m in the Scully
deposit, as well as in the Rose North and Rose Central de-
posits at the Kami property (Farquharson and Thalenhorst,
2006; Lyons et al., 2013).

IRON FORMATION FACIES AND MINERALOGY

The Sokoman Formation consists of three broadly defined
facies: oxide-facies, silicate-facies and carbonate-facies. How-
ever, the iron formation is generally heterogeneous and there
is commonly significant overlap between these facies, with
bands of different compositions recorded at metre to micro-
millimetre scales (Plates 9 and 10). The following is a short

Plate 9. Folded iron formation, with alternating layers of

magnetite and of Fe-silicates and quartz (from outcrop along
Trans-Labrador Highway close to the Québec border).

Plate 10. Mixed oxide-carbonate-facies iron formation with al-
ternating bands of magnetite and carbonate-rich iron forma-
tion (from Wabush 3 deposit, drillhole W3-11-101 @ 212 m).

description of the mineralogy of the three main facies; a more
detailed description of the mineralogy and petrology of the
Sokoman Formation is given by Klein (1966, 1978).

Oxide Facies

The oxide-facies consists of massive to banded iron for-
mation, along with abundant quartz and iron oxides (Plates
11, 12 and 13), and lesser carbonate minerals (ankerite, Fe-
dolomite or siderite) and iron silicates (grunerite, actinolite,
cummingtonite, anthophyllite). Iron oxides consist of mag-
netite and hematite in variable proportions. Coarse-grained
Mn-silicates (rhodonite) and Mn-carbonates (rthodochrosite)
also occur in oxide-facies iron formation in some deposits.
There is evidence for relict primary sedimentary structures,
with circular structures identified in samples from the Carol
Lake area, possibly representing ooliths (Cotnoir ez al., 2002;
Plate 14). Quartz and magnetite are generally fine to medium
grained (rare coarse-grained magnetite), where grain size in-
creases with metamorphic grade (Klein, 1973). Hematite oc-
curs as medium- to coarse-grained specular hematite and
martite (hematite partially to completely pseudomorphing
magnetite) and imparts a distinct schistocity to quartz—

Plate 11. Oxide-facies iron formation, with coarse-grained
specularite and quartz filling vug (from boulder in Carol

Project).
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Plate 12. Moderately altered, hematite-rich iron formation,
with bands of specular hematite and quartz (from Duley
prospect, drillhole DU-10-03 @ 131.7 m).

Plate 13. 4) Photomicrograph of typical banded oxide-
facies iron formation, with bands of fine-grained magnetite—
hematite and quartz (from Polly Lake Prospect, plane-polar-
ized light); B) Same view as A, in reflected light.
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hematite-rich oxide-facies iron formation (Plate 15). The rel-
ative amount of magnetite and hematite in the oxide-facies is
highly variable, which may reflect primary variations in the
parent iron formation (due to changes in the depositional and
diagenetic environment) or the effects of regional metamor-
phism (see Grenvillian Deformation and Metamorphism Sec-
tion for discussion).

Carbonate Facies

The carbonate-facies consists predominantly of quartz
and carbonate (Klein, 1966) that form millimetre- to centime-
tre-scale bands (Plate 16). This unit commonly occurs in the
northern part of the study area but is restricted to small en-

Plate 14. Photomicrograph of specular hematite and mag-
netite replacing possible ooliths in parent iron formation
(from Humphrey deposit; drillhole HS-10-72 @ 218 m, re-
flected light).

. ae a ]
Plate 15. Photomicrograph of specular hematite and quartz,
with elongate specular hematite imparting schistocity to sam-
ple (from Duley prospect, drillhole DU-10-03 @ 131.7 m, re-
flected light).




claves in the south due to the increased metamorphic grade 19). Grunerite is the most common Fe-silicate recorded,

(see Grenvillian Deformation and Metamorphism Section). with actinolite abundant in some locations (Klein, 1966;
Quartz is fine to medium grained (Plate 17) and generally Muwais, 1974). Grunerite is fine to medium grained, beige
granular (may be cherty in north). The carbonate minerals are to light brown in hand sample (Plate 18) and brown in thin
white to cream, and appear red-brown on weathered surfaces section, and occurs as columnar, bladed and acicular crystals.

and range in composition from ankerite to Fe-dolomite to
siderite. In places, minor magnetite and grunerite are
recorded.

Silicate Facies
The silicate-facies iron formation consists of banded

schists, and quartz-rich and Fe-silicate-rich bands, with mag-
netite, carbonate, biotite, rhodonite + garnet (Plates 18 and

Plate 18. Silicate-facies iron formation, with abundant
brown-weathering grunerite (from Carol Lake area).

3 4 5 6
CENTIMETRES

Plate 16. Carbonate-facies, with alternating bands of
siderite—dolomite and quartz (from D’Aigle Bay 2 North
prospect; drillhole DB-10-14 @, 165.9 m).

Plate 17. Photomicrograph of carbonate-facies iron forma-

tion with bands of coarse-grained carbonate and medium- Plate 19. Silicate-facies iron formation with discontinuous
grained quartz (from Knight prospect; drillhole KN-06-A @ bands of quartz (mantled by biotite) and Fe-silicates (actino-
204.7 m, cross-polarized light). lite, grunerite).
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Actinolite forms light- to dark-green acicular subhedral to
euhedral crystals (Plate 19). Hornblende has also been
recorded in some Fe-silicate-facies units (Cotnoir et al.,
2002). The Fe-silicate minerals commonly align parallel to
the bedding plane or form clusters and rosettes of acicular
crystals (Muwais, 1974). Orthopyroxene (enstatite, fer-
rosilite) and clinopyroxene (diopside, aegirine—augite) also
occur in association with quartz—garnet schists in some loca-
tions, and large (up to 10 cm) orthopyroxene porphyroblasts
recorded in the south. These pyroxenes make up a relatively
larger component of the silicate-facies iron formation farther
south in Québec (Mount Reed—Gagnon area; Klein, 1978).
The carbonate (calcite, Fe-dolomite, ankerite, siderite) and
magnetite content in the silicate-facies rocks is highly vari-
able, with intermediate silicate—carbon-

Scully and Rose deposit areas, and the Mills Lake deposit).
The stratigraphy of the Sokoman Formation in areas where
it cannot be correlated with either of these basins, or for
which there is insufficient data to determine their stratigra-
phy, will also be discussed briefly. For a detailed description
of the stratigraphy of individual deposits and showings, see
Part B.

Carol Lake Basin

The Carol Lake Basin extends from the Polly Lake de-
posit in the south to the Shabo Hill showing in the north, and
includes all the major iron-ore occurrences of the Carol Lake
area (Figure 15). Muwais (1974) described the stratigraphy

ate and oxide—silicate-facies common.
STRATIGRAPHY

The stratigraphy of the Sokoman
Formation has been described in detail
for the Carol Lake area (Muwais, 1974),
Scully deposit (O’Leary, 1973), and the
Rose deposit on the Kami property
(Lyons et al., 2013). Outside of these
areas, the stratigraphy is less well un-
derstood because of the overlap be-
tween the facies, variable degrees of
alteration and metamorphism, complex ®
folding and faulting, and the lack of de-
tailed geological data. It is likely that
there are significant variations in the
stratigraphy of the iron formations
across the study area, where studies in
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Carol Lake Basin

Occurrence location

Wabush Basin

Occurrence location

Mills Lake Basin

Occurrence location

Other occurrence

the Schefferville area clearly show that
there are rapid facies changes both,
across and along strike, due to changes
in the basement topography and depo-
sitional environments (Zajac, 1974).

Despite these limitations, broad
stratigraphic similarities have led to the
identification of two large, parallel,
north-northeast-trending basins; the
Carol Lake Basin to the west and the
Wabush Basin to the east. A third
smaller basin, the Mills Lake Basin,
has been identified to the southeast
(Figure 15). The following section in-
cludes a detailed discussion of the
stratigraphy of the Sokoman Formation

in these three basins, focusing mainly
on the three areas with the most intense

exploration (the Carol Lake area, the  in the text.
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Figure 15. Location of the Carol Lake, Wabush and Mills Lake basins described in
the text. Refer to Figure 3 for locations of individual iron-ore occurrences mentioned



of the Sokoman Formation in the Carol Lake area, based on
detailed lithological analyses of the Humphrey, and Luce de-
posits. He subdivided the Sokoman Formation iron formation
into three units, each of which was further subdivided into a
number of subunits (Figure 16). The units are referred to as
the Lower Iron Formation (LIF), Middle Iron Formation
(MIF) and Upper Iron Formation (UIF), and may represent
metamorphosed equivalents of the units of the same names
described from the Schefferville area.

The LIF consist primarily of carbonate-facies iron for-
mation, with lesser mixed carbonate—silicate, and oxide fa-
cies. In the Carol Lake area, it ranges in thickness from 45 to
75 m and has been subdivided into three subunits (Muwais,
1974). The lower and upper subunits (LIF 1 and LIF 3) are
similar and consist of banded, coarse- to medium-grained

Menihek Formation
Qtz - Gru - Act - Cb
UIF 3 Qtz - Cb - Gru
Upper Qtz - Cb (Gru) £
Iron 0
Formation Qtz - Mag - Cb QI
UIF 2
(UIF) Qtz - Cb - Mag
UIF 1 Qtz - Cb (Gru)
Qtz - Hem - Mag
MIF 4
Qtz - Mag - Hem
Middle MIF 3 Lean Qtz - Hem =
Iron o
Formation | MIF 2 Qtz-Hem .
(MIF) Qtz - Hem - Mag <
MIF 1 Qtz - Mag - Hem
Qtz - Mag (Cb)
LIF3 Qtz - Cb (Gru)
Lower Qtz - Cb - Mag .
Iron “
. - Mag -
Formation | LIF2 ~ Qz-Mag-Cb 0
(LIF) Qtz - Hem - Mag =
LIF 1 Qtz - Cb (Gru)
Wishart Formation

Figure 16. Stratigraphic column for the Sokoman Formation
in the Carol Lake area (after Muwais, 1974).

quartz—carbonate with grunerite, and accessory magnetite,
chlorite, garnet, pyrite and biotite. The LIF 2 subunit is fine
to medium grained and contains a number of thin bands of
oxide-facies iron formation separated by zones of mixed car-
bonate—silicate-facies iron formation.

The MIF ranges in thickness from 45 to 110 m, and con-
sists predominantly of oxide-facies iron formation. Muwais
(1974) subdivided the MIF into four subunits (Figure 16),
based on variations in the ratios of magnetite and specular
hematite, as well as changes in the total iron content. The low-
est subunit in the MIF (MIF 1) consists of banded quartz—
magnetite-hematite or quartz—hematite—magnetite, with
bands of coarse-grained quartz—carbonate—magnetite com-
mon towards the base of the subunit and in a brecciated or
conglomeratic band in the middle of the subunit. This is over-
lain by subunit MIF 2, consisting of alternating bands of
quartz and foliated specular hematite with little or no mag-
netite present. The MIF 3 is similar to MIF 2 but has lower
iron content. The uppermost subunit (MIF 4) is relatively thin
and characterized by higher magnetite content than the un-
derlying subunits.

The UIF is predominantly carbonate- and silicate-facies
iron formation, and rare oxide-facies bands. It is 45 to 75 m
thick, and subdivided by Muwais (1974) into three subunits
(Figure 16). The lowest subunit (UIF 1) is thin and discon-
tinuous, and composed of quartz—carbonate and minor
grunerite. Subunit UIF 2 consists of quartz—carbonate—
magnetite or quartz—magnetite—carbonate and minor
hematite. The uppermost subunit in the Sokoman Formation,
UIF 3, consists of quartz, carbonate and Fe-silicates, where
the amount of Fe-silicates increases toward the top of the sub-
unit. The Fe-silicates are grunerite and actinolite (actinolite
restricted to the upper part of the subunit) and overall UIF 3
has a banded, gneissic texture.

This division of the Sokoman Formation into three main
units (LIF, MIF and UIF) has also been recognized outside
the main mine area where there has been a significant
amount of recent exploration drilling (e.g., Wabush 3,
Wabush 6, Polly Lake deposits). The Sokoman Formation in
the Wabush 6 deposit, located east of the Luce deposit, can
clearly also be subdivided into the LIF, MIF and UIF (Mar-
shall, 2012), despite localized, significant, deformation. In
the Wabush 3 deposit, directly south of the Luce deposit, the
iron formation consists of a lower quartz—carbonate =+
grunerite unit (LIF), a middle quartz—hematite—magnetite
unit (MIF) and an upper quartz—carbonate + grunerite unit
(UIF) (Pond, 2013). The oxide-bearing MIF can be further
subdivided into a high-magnetite lower subunit (similar to
MIF 1), and an upper subunit consisting of specular hematite
> magnetite (similar to MIF 2). Similarly, recent drilling at
the Polly Lake deposit, located ~13 km southeast of the



Wabush 3 deposit has recognized the full sequence of UIF,
MIF and LIF (Bineli Betsi, 2012).

North of the Carol Lake area, the stratigraphy of the
Carol Lake Basin (with distinctive carbonate- and silicate-
facies units above and below the oxide-rich MIF) appears to
continue along strike to the Julienne 1, Goethite Bay, Goethite
Bay North and Shabo Hill occurrences. However, these cor-
relations remain speculative due to the low density of drilling,
intense local alteration and lack of understanding of the struc-
tural complexity of some occurrences (see Part B for detailed
discussion of stratigraphy at each occurrence).

Wabush Basin

The Wabush Basin is located directly to the east of the
Carol Lake Basin, and extends from the Rose Central and
Rose North deposits in the south, to the Shabo Peninsula
North showing located north of Shabogamo Lake. Although
these occurrences have been variably overprinted by late-
stage alteration (see Late-stage Alteration Section), the
stratigraphy in the Wabush Basin has been shown to be
markedly different from that described from the Carol Lake
Basin, with a silicate unit at the base of the iron formation,
called the Basal Silicate Iron Formation (BSIF). This may
correlate with the Ruth Formation in the central Labrador
Trough (see Ruth Formation Section). It ranges in thickness
up to 30 m and, where fresh, consists of quartz—amphibole +
biotite + chlorite + garnet (Plates 20 and 21), with rare pyrite
recorded in some locations. This unit is directly overlain by
oxide-facies iron formation (in contrast to carbonate- and sil-
icate-facies of the LIF in the Carol Lake Basin). In the Scully
and Rose deposits, the stratigraphy has been described, in

Plate 20. Garnet-bearing BSIF from the base of the Soko-
man Formation in the Duley prospect (drillhole DU-10-03
@ 147 m).

detail, by a number of authors (O’Leary, 1973; Farquharson
and Thalenhorst, 2006; Lyons ef al., 2013; Figure 17) and is
summarized here.

Scully Deposit

The Sokoman Formation at the Scully deposit has been
strongly affected by late-stage alteration (see Late-stage Al-
teration Section), and has been subdivided into three main
oxide-bearing units (Lower, Middle and Upper members) and
two marker units that can be traced throughout the mine area
(BSIF and Unit 41; Figure A17). The lower marker unit, the
BSIF, is ~25 m thick and consists primarily of quartz and
grunerite, and minor chlorite, biotite and garnet (garnet in-
creases in abundance toward the base of this unit). The
grunerite is commonly strongly altered to goethite.

Plate 21. A) Photomicrograph of BSIF from the base of the
Sokoman Formation, with a quartz-carbonate matrix and large
brown grunerite, green chlorite and transparent garnet crystals
(from Duley prospect; drillhole DU-10-03 @ 147 m, plane-po-
larized light); B) Same view as A, in cross-polarized light.
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The BSIF grades upward into the Lower Member with a
gradual increase in the proportion of iron oxides and a de-
crease in grunerite. The Lower Member is ~50 to 80 m thick
and has been mined as ore. It is subdivided into three units
(Units 51 to 53; Figure 17; Farquharson and Thalenhorst,
2006). Unit 53 is banded, friable to semi-competent, and com-
prises quartz—hematite + magnetite, and has a relatively high
Mn content (2.7 wt. % Mn in concentrate, increasing close to
the contact with Unit 52; O’Leary, 1973; Farquharson and
Thalenhorst, 2006). The Mn commonly occurs as fine-
grained psilomelane and pyrolusite. Unit 52 is thick banded
and competent, and has a distinct maroon colour. It consists
predominantly of quartz, goethite and some martite, and is
considered a waste unit. Unit 51 is a thin, friable, oxide-rich
unit (quartz—hematite—-magnetite—Mn-oxides) with up to 9
wt. % Mn (O’Leary, 1973).

The Lower Member is overlain by a distinct quartzite
horizon (Unit 41), which is the main marker unit in the Soko-
man Formation. It is a waste unit, and consists mainly of fri-
able to semi-massive quartzite having numerous vugs and
veins filled with goethite, Mn-oxides and specular hematite.
Occurring conformably above this, the Middle Member has
the highest iron content and the lowest Mn-content in the
Scully deposit, and therefore is the best quality ore (Farquhar-
son and Thalenhorst, 2006). It is approximately 120 m thick
and is divided into four units (Units 31 to 34; Figure 17). Unit
34 is thin to thick banded and is generally oxidized with a
high proportion of goethite and occasional Mn-rich bands. It
is typically classified as a waste unit, but in some areas it has
a high enough iron-oxide content to be considered ore. Unit
33 is massive and friable, and is composed of quartz and
hematite, with numerous cm-scale oblong pits and vugs. Unit
32 is a thin horizon of waste rock with a high proportion of
quartz and lesser magnetite and hematite. The uppermost unit
in the Middle Member, Unit 31, is friable to semi-friable,
thinly banded and rich in hematite.

The Upper Member is ~135 m thick and has a much
lower iron-oxide content than the Lower and Middle mem-
bers. It is generally a waste unit, but reaches ore grade in
some areas. O’Leary (1973) suggested that the Upper Mem-
ber represented carbonate-facies iron formation with minor
oxide-facies bands, with carbonate replaced by goethite dur-
ing late-stage alteration. Therefore, the Upper Member is very
similar to the UIF in the Carol Lake area. The Upper Member
has three units, Units 21 to 23. Unit 23 is thinly banded and
rich in goethite, with minor magnetite and hematite (specular
hematite and martite). Unit 22 is a banded, semi-friable to
competent unit with quartz—goethite—hematite—magnetite and
is ore grade in places. Unit 21 is similar to Unit 23, with high
goethite content and only minor iron oxides.
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Rose Deposit

The Rose deposit is subdivided into three main zones,
Rose North, Rose Central and South Rose/Elfie Lake zones,
which represent different components of a series of gently
plunging north-northeast—south-southwest upright to slightly
overturned anticlines and synclines (Lyons ef al., 2013). Al-
though the thickness of individual units, and the degrees of
alteration, vary across these zones, Lyons et al. (2013) rec-
ognized three main oxide units separated by thin (<10 m),
discontinuous silicate and carbonate units with low Fe-oxides,
as well as an overlying carbonate—silicate unit and a thin BSIF
unit at the base of the iron formation (Figure 17). Exploration
at the Rose deposit has focussed on the Rose North and Rose
Central zones, as these have the thickest sequence of oxide
facies iron formation, and the following discussion is based
on the stratigraphy in these zones.

The BSIF in the Rose Central zone is predominantly
composed of Fe-silicates (grunerite > actinolite) and quartz,
with minor Fe-carbonates, garnet, magnetite and hematite. In
the Rose North zone, this unit is commonly altered, with Fe-
silicates replaced by goethite. In the Rose Central zone, the
lower oxide unit, termed RC-1, is banded, hematite-rich with
magnetite and restricted to the margins of the facies or as oc-
casional crystalline clusters replacing hematite. The Fe-sili-
cates and Fe-carbonates are rare, whereas crystalline
rhodonite is locally common. The equivalent oxide-facies in
the Rose North zone (RN-1) is very similar in appearance
when fresh. However, in the Rose North zone, RN-1 is com-
monly altered and friable, gangue quartz partially leached,
specular hematite recrystallized to coarser grained subhedral
to euhedral hematite, Fe-silicates and Fe-carbonates replaced
by Fe-hydroxides (e.g., goethite), and rhodonite oxidized to
psilomelane, and rare pyrolusite.

The middle oxide unit (RC-2 in Rose Central zone) con-
sists of interlayered hematite- and magnetite-rich oxide-facies
iron formation, with magnetite-rich rocks more common. The
main gangue minerals are quartz, Fe-carbonates and Fe-sili-
cates, and rhodochrosite is locally common. In the Rose North
zone, the RN-2 oxide unit is moderately altered, with an in-
crease in the hematite content and rhodochrosite commonly
oxidized to psilomelane and pyrolusite.

The RC-3 and RN-3 are the upper oxide units in the Rose
Central and Rose North zones, respectively. These units are
both similar with fine-grained magnetite >> hematite within
a fine-grained Fe-silicate gangue. There is a relatively much
lower degree of secondary alteration in RN-3 compared to
RN-2 and RN-1. Mn-bearing minerals are rare and the pro-
portion of Fe-silicate and Fe-carbonate minerals increase to-



ward the top of this unit. The upper oxide units have a grada-
tional diachronous upper contact with the upper non-oxide
iron formation.

Other Occurrences

Although the stratigraphy of the Sokoman Formation
north of the Scully deposit is less well understood, some
broad correlations are made. The Julienne Lake deposit con-
sists of a thick sequence of oxide-facies iron formation having
minor lean quartzite and Mn-rich units, which are separated
from the underlying Wishart Formation by a thin (<20 m)
BSIF unit, similar to that described in the Scully and Rose
deposits (Conliffe, 2013). In addition, exploration drilling
from deposits farther to the north, including the Julienne 2,
Shabo Peninsula South and Shabo Peninsula North occur-
rences, have shown a similar stratigraphy, with oxide-facies
iron formation separated from the underlying Wishart Forma-
tion quartzite by a thin silicate-facies that may correlate to
the Ruth Formation.

Mills Lake Basin

A third structural basin, southeast of the Wabush Basin,
has been suggested by Lyons et al. (2013) based on the
stratigraphy of the Mills Lake deposit. Lyons ez al. (2013)
suggested that the Mills Lake Basin may also include the
Mont-Wright deposit and several smaller iron deposits west
of Fermont.

Much of the information on the stratigraphy on these de-
posits comes from the Mills Lake deposit, where exploration
drilling has identified significant stratigraphic differences
compared to the Carol Lake and Wabush basins (Lyons et al.,
2013). The base of the Sokoman Formation is defined by a
thin (<20 m) BSIF, which is similar to that recorded at the
nearby Rose deposit, and may correlate with the Ruth For-
mation in the central Labrador Trough (Lyons ef al., 2013).
This is overlain by carbonate-facies iron formation with
minor disseminated magnetite, above which is the main
oxide-facies iron formation. This oxide-facies iron formation
is 30—130 m thick in the Mills Lake deposit, thinning to <25
m in the Mart Lake area. It is subdivided into three strati-
graphic units (Lyons ef al., 2013); a lower magnetite-domi-
nated unit, a middle unit with abundant hematite and layers
of rhodonite and Mn-rich Aeg (Plates 22 and 23), and an
upper magnetite-rich unit. Overlying the main oxide-facies
unit is 20 to 50 m of carbonate-facies iron formation, a diffuse
and a thin (<25 m) hematite-rich oxide-facies, and >50 m of
carbonate-facies iron formation at the top of the Sokoman
Formation. Zones of silicate-facies iron formation are re-
ported within the carbonate-facies iron formation, which are
thought to represent metamorphic reactions during decarbon-
ation (Lyons et al., 2013).
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Plate 22. Mixed silicate and oxide (hematite) facies iron for-
mation, with pink rhodochrosite (from Mills Lake deposit,
drillhole K-10-95 @ 76.3 m).

Plate 23. Photomicrograph of silicate-facies iron formation,
with brown manganoean aegirine and pink to transparent
rhodochrosite (from Mills Lake deposit; drillhole K-10-95 @
76.3 m, plane-polarized light).

Other Occurrences

On the western margin of the Gagnon Terrane (Lithotec-
tonic Domains I and II of van Gool ef al., 2008), the Sokoman
Formation occurs as multiple, repeating thrust sheets inter-
layered with the Menihek Formation and the Archean base-
ment rocks. The absence of a full stratigraphic section makes
correlations with the stratigraphy elsewhere in the study area
difficult. However, recent drilling in the Emma Lake, Lac
Virot and Sudbury Lake areas have confirmed the presence
of oxide-, silicate- and carbonate-facies iron formation (Gold-
ner et al., 2013; Steele, 2013).



GRENVILLIAN DEFORMATION AND
METAMORPHISM

Deformation and metamorphism of the Sokoman Forma-
tion during the Grenvillian Orogeny were the main factors in
the development of economic iron-ore deposits in the study
area. Cotnoir et al. (2002) presented the results of a regional
analysis of the geology and structure, with specific focus on
the effects of deformation on the location of economic con-
centrations of iron ore. Although there may have been some
primary control on the thickness of iron formation (due to
thicker accumulations of iron-rich sediments in topographic
depressions controlled by basement structures), the presence
of economically mineable thicknesses of oxide-facies iron
formation is mainly due to fold repetition and/or viscous flow
of hematite-rich oxide-facies iron formation into fold hinges
during D, and D, deformation. In the Humphrey orebody, the
complex interference of F, and F, folds has resulted in a 6-
fold thickening of the oxide facies, while interpreted drill sec-
tions across the Luce deposit have shown more than ten F,
fold repetitions. The more viscous flow of hematite vs. mag-
netite during high temperature and pressure deformation may
also be important in developing thick accumulations of oxide-
facies iron formation in fold hinges, although the effects of
this viscous flow is considered secondary to fold repetition
(Cotnoir et al., 2002). The authors considered that D, defor-
mation was not important in the development of localized
concentrations of iron ore, although the dome and basin struc-
tures associated with km-scale F; folds may be important in
the distribution of some deposits.

The effects of Grenvillian metamorphism on the Soko-
man Formation also had important implications for the met-
allurgy of iron ores, and the metamorphic reactions in the
iron formation are described, in detail, by Klein (1973,
1978). The unmetamorphosed MIF from the Schefferville
area initially consisted mainly of chert, magnetite and
hematite, and upon increased metamorphic conditions, the
chert and iron oxides were recrystallized (accompanied by a
marked increase in grain size) and formed the oxide-facies
iron formation (Klein, 1973). Despite this pervasive recrys-
tallization, original sedimentary layering and relict sedimen-
tary features (e.g., ooliths, Plate 14) are commonly pre-
served. The presence of coexisting magnetite and hematite
with no evidence of replacement textures in some deposits
(Plate 24) led Klein (1966, 1973, 1978) to argue that oxygen
was generally immobile and fO, was narrowly buffered dur-
ing metamorphism, and the ratio of hematite to magnetite in
the oxide-facies iron formation reflected the original miner-
alogy of the parent iron formation (Muwais, 1974). The
presence of martite after magnetite in some samples (Plate
25) was attributed either to minor movement of oxygen dur-
ing regional metamorphism (Klein, 1973), or to low-temper-
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dral hematite and magnetite (from Humphrey deposit; drill-
hole HS-10-72 @ 218 m, reflected light).

Plate 25. Photomicrograph of hematite replacing an euhedral
grain of magnetite (forming martite and kenomagnetite), with
secondary goethite infilling space around the grain (from
Julienne 2 prospect; drillhole J2-10-08 @ 153.2 m, reflected
light).

ature meteoric fluid infiltration (Cotnoir ef al., 2002). How-
ever, Kaul ef al. (2012) showed that iron ores from the Luce
deposit displayed evidence for both martitization and
mushketovitization (transformation of hematite to kenomag-
netite under reducing conditions), which was attributed to
regional metamorphism as well as later low-temperature
fluid alteration. They also documented kenomagnetite re-
placing carbonates, indicating that at least some of the oxides
in the Sokoman Formation formed due to processes other
than simple recrystallization of oxides in the unmetamor-
phosed precursor iron formation.



Some unmetamorphosed iron formations in the Schef-
ferville area have relatively high Mn values (up to 1.7%
MnO; Conliffe 2016a), mainly occurring as Mn-rich siderite
and ankerite (Zajac, 1974), whilst Mn-oxides, such as pyro-
lusite and manganite, are common in weathered and altered
iron formation. During metamorphism, these Mn-rich hori-
zons are transformed into rhodochrosite-rich layers, and at
progressively higher metamorphic grades the rhodochrosite
is transformed into rhodonite (commonly associated with Mn-
garnets and Mn-clinopyroxenes, Klein, 1973).

The original unmetamorphosed carbonate-facies iron for-
mation in the Schefferville area consists of chert—carbonate
layers (dominantly siderite) and minor Fe-silicates and mag-
netite, and is most abundant near the base and top of the
Sokoman Formation (Zajac, 1974). At lower grades of meta-
morphism, if the chemical potential of CO, remains locally
high, the original mineralogy is generally retained and only
recrystallization and increased grain size is observed (Klein,
1973). However, at higher metamorphic grades, and if the
chemical potential of CO, is relatively low, the carbonate
minerals react with silica to produce Fe-silicates (Klein,
1973). These Fe-silicates include amphiboles such as gruner-
ite and actinolite (in the presence of H,0) and various
clinopyroxenes and orthopyroxenes in the absence of H,O
(Klein, 1973, 1978). However, these reactions require CO, to
be mobile within the iron formation. The highly variable na-
ture of the metamorphosed iron formation, with carbonate-
facies iron formation sometimes present at high metamorphic
grades, indicates metamorphism intermittently occurred in
closed systems (Klein, 1978). Despite these local variations,
the breakdown of carbonate and quartz to Fe-silicate minerals
with increasing metamorphic grade accounts for the distribu-
tion of carbonate-facies iron formation across the study area.
Quartz—carbonate-rich units are common in the upper and
lower part of the iron formation in the northeast of the study
area, amphibole-rich units common in the south and pyrox-
enes common farther south in Québec (Mount Reed—Gagnon
area; Klein, 1978).

In the Schefferville area, silicate-facies iron formation is
composed of various Fe-silicate minerals (minnesotaite,
greenalite, stilpnomelane, crocidolite) mixed with carbonate,
quartz, and iron-oxide minerals (Zajac, 1974). With metamor-
phism, reactions take place between silicate minerals and be-
tween silicate and carbonate minerals to form amphibole
(grunerite and actinolite) assemblages in the presence of H,O
and pyroxene-rich assemblages with progressive dehydration
and decarbonatization (Klein, 1973, 1978). These assem-
blages are often identical to the high-grade metamorphic
assemblages produced through metamorphism of carbonate-
facies iron formation, making distinguishing the original sed-
imentary mineralogy difficult.
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LATE-STAGE ALTERATION

Moderate to intense secondary alteration has been
recorded in some deposits, often occurring at depths of >300
m (Farquharson and Thalenhorst, 2006; Grandillo et al.,
2012; Conliffe, 2013). The distribution of these altered zones
is important in determining the economic viability of iron-ore
occurrences because the presence of significant alteration
minerals (e.g., goethite) can greatly affect metallurgy. Sec-
ondary alteration is most pervasive in the Scully, Julienne
Lake, Julienne 1, Julienne 2, Canning and Wabush Mountain
occurrences, as well as in the northwest limb of the Rose de-
posit and the eastern portion of the White Lake prospect (see
Part B for detailed description of individual deposits). How-
ever, minor alteration zones have been recorded in other oc-
currences, particularly those associated with fault zones.
Although this late-stage alteration is most often reported from
the Sokoman Formation, other occurrences of deeply weath-
ered rocks have been reported from elsewhere in the study
area. These include the strongly leached Wishart Formation
quartzites in a quarry along the Trans-Labrador Highway be-
tween Labrador City and Fermont (Meyer and Dean, 1987),
and the altered Menihek and Wishart formations in the Rose
deposit (Grandillo et al., 2012).

The intensity of this secondary alteration partially de-
pends on the original mineralogy of the iron formations.
Oxide facies are generally more friable than the unaltered
metataconites, with magnetite partially to completely oxidiz-
ing to secondary martite having common goethite rims (Plates
25-27), and in more strongly altered zones, the iron oxides
are almost completely transformed to goethite (Plate 28). Sil-
icate and carbonate facies are difficult to recognize due to the

Plate 26. Photomicrograph of moderately altered oxide-facies
iron formation, and hematite grains mantled by brown
goethite (from Julienne 2 prospect; drillhole J2-10-08 @
153.2, plane-polarized light).



Plate 27. Photomicrograph of moderately altered oxide-
facies iron formation, and magnetite partially replaced by
hematite and mantled by secondary goethite (from Julienne
2 prospect; drillhole J2-10-08 @ 153.2 m, reflected light).

Plate 28. Photomicrograph of strongly altered oxide-facies
iron formation, with magnetite and hematite completely re-
placed by secondary goethite (from Julienne Lake deposit;
drillhole JL-10-17B @ 2.5 m, reflected light).

strong leaching and alteration, but are characterized by de-
struction of Fe-silicates, leaching of carbonate and the abun-
dance of goethite (likely after carbonate; Klein, 1966;
Muwais, 1974). This goethite locally displays a colloform
texture, infilling secondary porosity, or occurs mixed with
other Fe-oxides as fine-grained yellow limonite. This alter-
ation is also associated with the secondary precipitation of
Mn-oxides (psilomelane, pyrolusite, manganite) in discreet
veins or layers (Plate 29), due to the destruction of Mn-
silicates and carbonates.

36

Plate 29. Photomicrograph of strongly altered oxide-facies
iron formation, with vein of remobilized Mn-oxides (from
Julienne Lake deposit, reflected light).

The relationship between late-stage alteration and fault
zones is evident in a number of deposits. The Scully deposit
is cut by a number of northwest—southeast-trending reverse
faults, the most prominent of which offsets the basement rocks
by ~75 m (O’Leary et al., 1972). If this fault is extrapolated
to the northwest (Figure 18), it intersects the strongly altered
Canning prospect, as well as the altered Wishart Formation
quartzite, in a quarry close to the Trans-Labrador Highway. It
may even continue through the White Lake prospect, where
strongly altered zones appear to be associated with late fault-
ing on the eastern side of a syncline (Duvergier, 2012).
Grandillo ef al. (2012) also stated that weathering at the Rose
deposit is controlled by younger northwest-trending exten-
sional faults. These northwest-trending fault zones are similar
in orientation to the nearby Flora Lake shear zone, a major
kilometre-scale strike-slip fault zone (van Gool, 1992) that re-
flects oblique convergence during the Grenvillian Orogeny
and may have provided a conduit for late-stage fluids.

The presence of a similar northwest-trending fault having
a throw of >200 m has been suggested at the Julienne Lake
deposit (Conliffe, 2013), which is located directly south of
another major strike—slip shear zone, the Julienne Lake Fault
Zone (van Gool, 1992). A similar pattern of alteration is seen
in the deposits directly north of this shear zone (Julienne 1
and Julienne 2 occurrences). This suggests that the Julienne
Lake Fault Zone may have also served as a conduit for late-
stage fluid flow associated with the alteration of the Sokoman
Formation in these deposits.

Despite the obvious importance of, and implications
thereof, this secondary alteration for metallurgy in individual
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Figure 18. Map showing alignment of zones of strong sec-
ondary alteration in the Sokoman Formation in the Scully de-
posit, Canning prospect and eastern part of the White Lake
prospect. Also shown is the location of the strongly altered
Wishart Formation quartzite in a quarry north of the Trans-
Labrador Highway. Broken black line indicates location of
major northwest—southeast-trending reverse fault in the
Scully deposit, broken red line indicates likely extension of
this fault to the northwest through the Canning prospect and
broken pink line indicates possible continuation of this fault
to the eastern portion of the White Lake prospect

deposits has not been studied in any detail. Some authors
have compared it to the supergene alteration associated with
the high-grade martite—goethite ores of the Schefferville
area, and have assumed it is related to deep weathering dur-
ing the Cretaceous (e.g., Connelly ef al., 1996; Coates et al.,
2012; Grandillo et al., 2012). However, the alteration of
metataconites is not associated with any supergene enrich-
ment and there is no persuasive evidence that the iron for-
mation was exposed during the Cretaceous. The close
association between altered iron formation and late-stage
brittle faults indicates that these faults may have been reac-
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tivated during tectonic movement after ductile deformation
and metamorphism (Cotnoir et al., 2002). Any late-stage
fluid movement responsible for secondary alteration of the
iron formation, including circulation of formational waters
and/or downward percolation of groundwater, would have
focussed along these structures.

GEOCHEMISTRY
SAMPLING AND METHODOLOGY

In total, 108 samples were analyzed, representing 20 in-
dividual iron-ore occurrences. Samples were collected from
outcrops, drillcore and sample pulps during fieldwork con-
ducted from 2012 to 2104. Outcrop samples were cleaned of
any obvious external weathering before analysis. The samples
were subdivided based on the structural basin the deposit is
located in (Carol Lake, Wabush and Mills Lake basins; see
Stratigraphy Section), the sample lithology (oxide-facies iron
formation or BSIF), and the degree of alteration (weak vs.
moderate to strong alteration, determined by visual inspec-
tion). Fifty-three samples of oxide-facies iron formation were
collected from 14 separate occurrences in the Carol Lake
Basin, of which 33 were classified as having weak alteration
and 20 having moderate to strong alteration. A total of 47
samples were analyzed from 6 occurrences in the Wabush
Basin, 40 oxide-facies iron formation (15 weakly altered, 25
moderately to strongly altered) and 7 samples of BSIF (3
weakly altered, 4 moderately to strongly altered). Seven sam-
ples of weakly altered oxide-facies iron formation and a sin-
gle sample of weakly altered BSIF were analyzed from the
Mills Lake deposit in the Mills Lake Basin. Complete sample
descriptions are available in Appendix A, and detailed geo-
chemical analysis of samples from each basin are summarized
in Table 4, with full results in Appendix B.

All analyses were carried out at the GSNL geochemistry
laboratory in St. John’s using the analytical methods described
in Finch et al. (2018). Samples were milled using ceramic and
tungsten carbide mills, and due to possible contaminations
from the tungsten carbide mill, W and Co values are not re-
ported for samples collected during 2013, 2014 and 2015.
Major elements are reported in weight percent (wt. %), and
trace elements are reported in parts per million (ppm). A neg-
ative number indicates the concentration of the specific ele-
ment in the sample was below the detection limit (e.g., -0.01
indicates the measured value was below the detection limit of
0.01). Detection limits are listed for each element in the .csv
files. The code -99 indicates the sample was not analyzed for
that element.Major-element compositions (plus Cr, Zr and Ba)
were analyzed using ICP-OES methods, following lithium
tetraborate and metaborate fusion. The REE and selected trace
elements were determined by ICP-MS analysis following an
identical sample digestion procedure, whereas other trace el-



Table 4. Summary statistics for major-element, trace-element, and REE concentrations of oxide-facies iron formation and Basal

Silicate Iron Formation in the Labrador City/Wabush area

Lithology Oxide Oxide Oxide Oxide
Basin Carol Basin Carol Basin Wabush Basin Wabush Basin
Alteration Weak Moderate/Strong Weak Moderate/Strong
n 33 20 15 25

Av StDev Max  Min Av StDev Max Min Av StDev Max Min Av StDev Max  Min
SiO; (wt. %)  35.0 8.7 62.9 17.5 44.8 13.9 705 16.3 38.8 93 54.4 229 423 14.9 71.2 10.1
ALO; 0.15 0.11 0.67  0.05 0.10 0.05 0.27 0.04 0.18 0.13 0.57 0.06 0.15 0.10 0.57 0.06
Fe,0; 544 8.6 66.5 34.1 52.8 129 720 26.6 49.6 93 70.8 39.0 52.2 12.3 72.7 17.6
Fe 38.1 6.0 46.5 238 36.9 9.0 50.3 18.6 346 6.5 49.5 27.3 36.5 8.6 50.8 12.3
MgO 1.9 1.4 7.1 0.2 0.1 0.3 1.1 0.0 1.8 0.8 32 0.4 0.1 0.1 0.4 dl
Ca0O 2.7 1.8 9.0 0.3 0.2 0.2 0.7 dl 2.3 1.6 6.1 0.1 0.0 0.0 0.2 dl
Na,O 0.04 0.03 0.13 dl 0.04 0.02  0.10 dl 0.08 0.08 0.31 dl 0.03 0.02 0.08 dl
K,O 0.05  0.04 0.20  0.01 0.04 0.02  0.07 dl 0.09 0.06 0.18 0.01 0.10 0.14 0.59 dl
TiO, 0.01 0.01 0.05  0.00 0.01 0.01 0.03 dl 0.02  0.01 0.04 0.00 0.01 0.01 0.04 0.00
MnO 0.7 0.6 3.1 0.1 0.8 2.2 10.0 0.1 2.5 1.8 7.4 0.7 33 54 20.0 0.0
P,0s 0.04 0.03 0.12  0.00 0.02 0.01 0.06 0.00 0.03  0.02 0.08 0.01 0.03 0.03 0.10 dl
LOI 4.9 4.8 247  GOI 1.0 0.9 3.6 GOI 43 2.6 9.6 GOI 1.4 1.2 4.8 GOI
Total 99.8 0.8 101.0 98.2 99.7 1.0 101.0  98.1 99.3 0.7 100.6  98.1 99.6 1.0 1009  96.5
Rb (ppm) 2 1 6 dl 2 1 3 dl 5 5 17 dl 4 3 10 dl
Sr 8 6 27 dl 5 10 37 dl 16 14 54 2 24 49 222 dl
Ba 17 31 163 dl 6 5 20 1 199 460 1712 4 214 472 1861 3
\% 21 13 46 1 18 10 48 dl 17 9 38 3 17 10 43 3
Cr 4 4 18 dl 3 1 7 dl 4 2 6 dl 4 3 10 dl
Ni 28 5 38 19 27 6 44 19 27 7 42 12 23 8 52 9
Cu 4 2 10 3 4 2 9 2 6 3 11 2 5 4 19 1
Zn 23 7 39 11 21 6 34 13 21 6 30 10 22 13 73 6
Y 6 2 11 2 5 3 15 1 9 4 16 4 9 9 41 1
Zr 17 4 30 9 18 6 32 7 22 6 41 15 19 13 68 6
Nb 2 1 5 dl 3 1 7 dl 4 2 11 2 4 3 11 dl
Ge 14 5 28 9 15 4 24 11 14 3 21 9 16 4 26 4
La (ppm) 3.5 2.3 11.6 09 4.5 7.1 33.1 1.1 9.2 7.2 31.1 2.8 9.4 10.7 39.1 0.7
Ce 5.6 3.9 170 1.1 5.7 8.2 39.1 1.3 16.0 10.7 47.8 5.6 13.2 15.1 58.9 1.8
Pr 0.6 0.4 2.0 0.2 0.6 0.9 44 0.1 1.6 1.2 53 0.6 1.5 1.5 53 0.2
Nd 2.6 1.6 8.1 0.5 2.7 3.6 17.6 0.8 6.4 4.9 21.3 2.5 6.0 5.6 20.3 0.6
Sm 0.5 0.3 1.3 0.1 0.4 0.5 2.3 0.1 1.2 0.8 3.1 0.4 1.1 0.9 33 0.1
Eu 0.2 0.1 0.5 dl 0.2 0.1 0.7 dl 0.4 0.3 1.1 0.2 0.4 0.3 1.3 dl
Gd 0.7 0.4 1.6 0.2 0.6 0.5 2.6 0.2 1.4 0.8 33 0.6 1.3 1.2 5.0 0.1
Tb 0.2 0.0 0.2 dl 0.2 0.1 0.3 dl 0.2 0.1 0.5 dl 0.2 0.2 0.7 dl
Dy 0.7 0.3 1.5 0.2 0.7 0.4 2.1 0.2 1.3 0.7 2.6 0.5 1.3 1.0 4.6 dl
Ho 0.2 0.1 0.3 dl 0.2 0.2 0.6 dl 0.3 0.2 0.6 0.1 0.3 0.2 1.1 dl
Er 0.5 0.2 1.0 0.2 0.5 0.3 1.4 0.1 0.9 0.5 1.8 0.3 0.9 0.7 33 0.3
Tm 0.1 0.0 0.2 dl 0.1 0.0 0.2 dl 0.1 0.1 0.3 dl 0.1 0.1 0.4 dl
Yb 0.5 0.2 1.1 0.1 0.4 0.2 0.9 0.1 0.7 0.4 1.5 0.3 0.7 0.6 2.6 0.2
Lu 0.09 0.03 0.18 dl 0.09 0.03 0.14 dl 0.12  0.06 0.23 dl 0.13 0.07 0.31 dl
X REE 155 93 457 42 162 21.8 1054 53 39.7 274 119.8 15.0 36.2 36.1 1414 35
Eu/Eu* 1.4 0.4 2.3 0.8 1.4 0.4 2.2 0.7 1.4 0.2 1.7 1.2 1.5 0.3 2.1 1.0
Ce/Ce* 0.9 0.3 1.7 0.4 0.8 0.2 1.3 0.5 1.0 0.2 1.3 0.8 0.9 0.3 1.8 0.3
Pr/Yb (sn) 0.4 0.2 0.8 0.2 0.5 0.3 1.5 0.1 0.6 0.2 1.3 0.4 0.7 0.6 3.0 0.1
Y/Ho 37.1 5.6 469 25.1 36.6 11.0 585 23.8 31.8 44 43.0 24.4 30.8 7.3 46.6 14.3

ements (As, Be, Cu, Li, Mn, Ni, Pb, Rb, Sc, Ti, Zn, V, Co)
were analyzed by ICP-MS after total acid digestion.

Volatiles are represented as LOI (loss-on-ignition) at
1000°C, which represents the breakdown of all minerals and
release of all volatiles. A value of -1.00 indicates gain-on-
ignition. The mass percent of Fe in each sample was calcu-
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lated from the total Fe,O; values, using the conversion factor
of 100 wt. % Fe,0, to 69.95 wt. % Fe.

Analytical duplicates were inserted at a frequency of one
in 20, with the duplicate selected at random. In addition, a se-
lection of reference standards was analyzed, also at a fre-
quency of one in 20. For ICP-OES-FUS (major element) and



Table 4. Continued (Summary statistics for major-element, trace-element, and REE concentrations of oxide-
facies iron formation and Basal Silicate Iron Formation in the Labrador City/Wabush area)

Lithology Oxide Basal Basal Basal
Basin Mills Lake Wabush Basin Wabush Basin Mills Lake
Alteration Weak Weak Moderate/Strong Weak
n 7 3 4 1
Av StDev Max Min Av StDev Max Min Av StDev Max  Min
SiO, (wt. %)  39.0  10.0 513 256 379 85 443 28.2 316 171 46.0 6.9 43.0
ALO; 028 0.25 0.71  0.07 1.00 039 140 0.61 1.39 057 212 0.92 2.64
Fe,0; 477 7.6 62.5 379 444 25 46.8 41.9 57.6 112 73.6 48.1 37.9
Fe 333 53 43.7 265 31.0 1.7 32.7 29.3 403 79 51.4 33.6 26.5
MgO 3.5 2.1 7.6 1.1 4.5 0.4 4.8 4.1 0.1 0.0 0.1 0.0 4.6
CaO 1.6 0.7 2.5 0.7 44 4.1 8.8 0.7 0.1 0.1 0.2 0.0 3.5
Na,O 0.65  1.00 2.57  0.03 0.05 0.05 0.10 0.02 0.03 0.01 0.04 dl 0.45
K,O 0.14  0.13 039 0.01 0.10 0.05 0.15 0.06 0.03 0.02 0.05 0.01 0.45
TiO, 0.02 0.01 0.04  0.00 0.14 0.10 0.21 0.03 0.19 0.07 028 0.12 0.83
MnO 43 6.4 172 03 2.5 0.3 2.8 2.1 0.7 1.0 22 0.1 22
P,0s 0.06  0.05 0.14 dl 0.14 0.08 0.23 0.06 023 0.19 050 0.09 0.18
LOI 2.4 2.0 59 GOI 6.6 6.7 11.3 GOI 7.6 39 132 4.6 29
Total 992 0.7 100.4 98.5 99.5 1.0 100.7  98.7 99.5 0.6 100.1  98.7 98.7
Rb (ppm) 8 8 19 dl 6 3 9 dl 5 4 11 2 11
Sr 33 36 109 8 43 39 83 6 12 4 16 dl 59
Ba 813 1911 5142 13 248 409 720 8 43 29 77 7 77
v 16 11 27 1 44 19 63 25 78 49 145 39 126
Cr 2 1 3 dl 9 2 11 6 9 5 17 5 17
Ni 31 7 42 22 31 2 33 30 42 11 57 33 32
Cu 5 1 6 3 10 6 14 3 18 21 49 4 27
Zn 21 7 32 13 39 17 58 29 48 13 65 35 62
Y 12 11 34 3 13 8 23 7 13 10 27 5 15
Zr 24 9 37 13 41 25 62 14 44 13 60 28 64
Nb 4 2 7 dl 9 5 12 3 10 3 12 6 12
Ge 14 2 17 11 17 4 21 13 14 3 18 12 11
La (ppm) 125 112 307 1.8 14.8 11.4  28.0 7.6 150 104 246 3.0 17.9
Ce 162 123 331 33 273 205 509 135 320 227 599 5.8 32.8
Pr 1.9 1.6 4.3 0.4 33 2.4 6.1 1.6 3.5 23 6.0 1.0 3.9
Nd 7.6 6.1 173 1.6 13.9 10.7  26.1 6.3 147 100  26.1 4.0 15.6
Sm 1.3 1.0 2.9 0.3 2.8 2.1 53 1.6 2.9 1.9 4.9 1.0 32
Eu 0.5 0.4 1.1 0.1 0.8 0.5 1.3 0.4 0.9 0.5 1.4 0.3 1.1
Gd 1.6 1.4 4.1 0.4 2.5 1.8 4.5 1.4 2.8 1.8 4.5 0.8 29
Tb 0.3 0.2 0.7 dl 0.3 0.2 0.5 0.2 0.4 0.2 0.6 0.2 0.5
Dy 1.6 1.6 4.6 0.4 1.8 1.1 3.1 1.1 2.0 1.2 3.7 0.8 2.5
Ho 0.4 0.4 1.1 0.1 0.4 0.2 0.6 0.2 0.4 0.3 0.8 0.2 0.5
Er 1.1 1.1 33 0.3 1.0 0.6 1.6 0.6 1.1 0.8 22 0.4 1.5
Tm 0.2 0.2 0.4 dl 0.1 0.1 0.2 0.1 0.2 0.1 0.4 0.1 0.2
Yb 0.9 0.8 2.5 0.2 0.7 0.3 1.1 0.4 0.9 0.6 1.7 0.4 1.3
Lu 0.16 0.12 032 dl 0.12  0.05 0.16 0.07 0.14 0.11 0.30 0.07 0.26
X REE 459 379 106.1 8.7 69.7 517 1292 36.2 76.7  50.8 1313 178 84.0
Euw/Eu* L5 0.2 1.9 1.3 1.5 0.4 1.9 1.2 1.5 0.1 1.6 1.4 1.6
Ce/Ce* 0.8 0.1 1.0 0.6 0.9 0.0 0.9 0.9 1.0 0.2 1.2 0.8 0.9
Pr/Yb (sn) 0.7 0.2 1.0 0.5 1.4 0.6 1.8 0.7 1.4 1.1 32 0.8 0.9
Y/Ho 343 39 29.5 297 350 59 39.4 28.3 336 34 37.4 29.8 273

ICP-MS-FUS (trace element) standards were supplied by the
Canadian Certified Reference Materials Project (SCH-1) and
the United States Geological Survey (AGV-1, W-2). Two stan-
dards were used for ICP-OES-FUS (trace elements) analysis,
supplied by the Canadian Certified Reference Materials Proj-
ect (SY-4, WGB-1). The raw, unprocessed data from dupli-
cates and standards is included in the appendices, and can be
used by the reader to assess accuracy and precision.

MAJOR-ELEMENT GEOCHEMISTRY
Carol Lake Basin

The Fe,0, and SiO, are the dominant major elements in
oxide-facies samples from the Carol Lake Basin, with Fe,O,
+ SiO, concentrations averaging 89.5 = 7.7 wt. % in weakly
altered samples, and 97.6 £ 3.3 wt. % in moderately to
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strongly altered samples. Total Fe contents range from 38.1
+ 6 wt. % in weakly altered samples to 36.9 + 9 wt. % in sam-
ples with moderate to strong alteration. The MnO values are
generally low (<1 wt. %, Figure 19), with a single strongly
altered sample having 10 wt. % MnO. The MgO and CaO
concentrations are highly variable in weakly altered samples,
ranging from 0.2 to 7.1 wt. % MgO and 0.3 to 9.0 wt. % CaO.
However, moderately to strongly altered samples all have low
MgO and CaO concentrations (generally <l wt. % MgO +
CaO, Figure A19). All other major-element concentrations
are less than 0.2 wt. %, with no significant variations due to
late-stage alteration.

‘Wabush Basin

Oxide-facies iron formation from deposits in the Wabush
Basin consist predominantly of Fe,O; and SiO, (Figure 19),
with weakly altered samples having 49.6 + 9.3 wt. % Fe,0,
(34.6 £ 6.5 wt. % Fe) and 38.8 £ 9.3 wt. % SiO,, and moder-
ately to strongly altered samples having 52.2 + 12.3 wt. %
Fe,05(36.5 £ 8.6 wt. % Fe) and 42.3 + 14.9 wt. % SiO,. The
MnO concentration of weakly altered oxide facies in the
Wabush Basin range from 0.7 to 7.4 wt. %, and are generally
higher than weakly altered samples from deposits in the Carol
Lake Basin. Moderately to strongly altered samples have a
wide range of MnO concentrations (Figure 19), with some
samples strongly depleted in MnO (<0.5 wt. %) and others
strongly enriched (up to 20 wt. % MnO). The MgO and CaO
concentrations have the same pattern as samples from the
Carol Lake Basin (Figure 19), decreasing from 1.8 = 0.8 wt.
% MgO and 2.3 £ 1.6 wt. % CaO in weakly altered samples
to <0.4 wt. % MgO and <0.2 wt. % CaO in moderately to
strongly altered samples. All other major-element concentra-
tions are low (<0.6 wt. %).

The BSIF samples have Fe,O; concentrations of 44.4 +
2.5 wt. % in weakly altered samples and 57.6 + 11.2 wt. % in
moderately to strongly altered samples. The MnO, MgO and
CaO concentrations are higher in weakly altered samples
compared to strongly altered samples (Figure 20). The AL O;,
TiO, and P,O; concentrations of all samples are higher than
those recorded in oxide-facies iron formations from the same
deposits (Figure 20).

Mills Lake Basin

All oxide samples from the Mills Lake Basin display
only weak late-stage alteration. These samples have 47.7 +
7.6 wt. % Fe,O; (equivalent to 33.3 + 5.3 wt. % Fe) and 39.0
+10.0 wt. % SiO, (Figure 19). The MgO + CaO concentra-
tions are 5.1 + 2.1 wt. %, and MnO concentrations are highly
variable from 0.3 to 17.2 wt. %. In addition, two samples
have high Na,O concentrations (1.5 and 2.6 wt. % NaO),
whereas all other major-element concentrations are low
(<0.71 wt. %).
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A single, weakly altered, BSIF sample was also analyzed
from the Mills Lake Basin. It has similar Fe,0;, SiO,, MgO,
CaO, MnO and P,O; concentrations as BSIF samples from
the Wabush Basin (Figure 20), but has higher concentrations
of ALO; (2.64 wt. %) and TiO, (0.83 wt. %).

TRACE-ELEMENT GEOCHEMISTRY

The trace-element concentrations for all samples are
generally low and less than <50 ppm for individual ele-
ments. Rare samples have high Sr and V concentration (>100
ppm), whereas Ba concentrations are highly variably but
commonly greater than 10 ppm. The average trace-element
concentration of oxide-facies iron formation and BSIF is
shown in Figure 21. In addition, the average trace-element
concentration of oxide-facies iron formation samples has
been normalized to the average Sokoman Formation taconite
in the central Labrador Trough (data from Conliffe, 2016a,
2017) to determine relative concentrations of selected trace
elements (Figure 21).

Carol Lake Basin

Oxide-facies iron formation from deposits in the Carol
Lake Basin have variable large ion lithophile element (LILE)
concentrations, with Sr concentrations enriched relative to the
average taconite, and Sr concentrations relatively depleted
(Figure 21A). The Cr concentration is slightly enriched, but
all other transition metal concentrations are similar to the av-
erage taconite. Yttrium concentrations are slightly depleted,
whereas all other high-field-strength-element (HFSE) con-
centrations are similar to the average taconite compositions
(Figure 21B).

Wabush Basin

Oxide-facies iron formation samples from the Wabush
Basin are characterized by higher LILE concentrations than
samples from the Carol Lake Basin. The Ba concentrations
are highly variable, ranging from 3 to 1712 ppm in weakly
altered samples, and 4 to 1861 ppm in moderately to strongly
altered samples, but, in general, show strong relative enrich-
ment compared to average taconites (Figure 21). Transition
metals show a similar pattern to samples from the Carol Lake
Basin, with minor enrichment in Cr and no enrichment or de-
pletion in other elements. The HFSE elements are slightly en-
riched compared to the average taconite.

The trace-element concentration of BSIF is generally
higher than the oxide-facies iron formations (Figure 21), with
highly variable LILE concentrations, and the transition metals
and HFSE showing similar distributions as the oxide-facies
iron formation.
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Figure 19. Bivariate plots of Fe,O; vs. select major elements for samples of oxide-facies iron formation in the Carol Lake,
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Mills Lake Basin

Oxide-facies iron formation samples from the Mills Lake
Basin have highly variable LILE concentrations (e.g., Ba
from 13 to 5142 ppm), but, in general, are relatively enriched
in LILE compared to the average taconite (Figure 21). The
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MnO
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TiO,
¢ BSIF: Wabush Basin (weakly altered)

¢ BSIF: Wabush Basin (moderately/strongly altered altered)

¢ BSIF: Mills Lake Basin (weakly altered)

transition metals show no relative enrichment or depletion,
and HFSE elements are all relatively enriched when com-
pared to the average taconite. The single BSIF sample from
the Mills Lake Basin has similar trace-element concentration
to weakly altered BSIF samples from the Wabush Basin.
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Figure 20. Bivariate plots of Fe,0;vs. select major elements for samples of BSIF in the Wabush and Mills Lake basins. Also in-
cluded are the average values of oxide-facies iron formation samples from the same basins.
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RARE-EARTH-ELEMENT (REE) GEOCHEMISTRY

The REE concentrations of all samples are summarized
in Table 4. The REE data have been normalized to the aver-
age value of post-Archean Australian shale (PAAS) from
McLennan (1989), and are hereby referred to as REE 4yy.
The REE gy, profiles for weakly altered oxide-facies iron
formations are shown in Figure 22. The ratios of light REE
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(LREE) to heavy REE (HREE) were calculated by compar-
ing Prgy, to Ybsy), and the Y/Ho ratio was also calculated
using the raw data. The Ce gy, anomalies were determined
by comparing Ce/Ce* (Cesny/(0.5Prgy, + 0.5Lagy,) and
Pr/Pr* (Priy,/(0.5Ce sy, + 0.5Ndsy)) using the method de-
scribed by Bau and Dulski (1996), which differentiates be-
tween true Ce gy, anomalies and the apparent Ce anomalies
created by anomalous La concentrations. The Eu anomalies
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Figure 22. The REE distribution patterns normalized to Post-Archean average Australian Shale (PAAS) for weakly altered
oxide-facies iron formation in the Carol Lake, Wabush and Mills Lake basins. Samples from the Carol Lake Basin separate into
deposits from the mine area of the Carol Project, samples from south of the mine area (Polly Lake and Knight prospects) and
samples from north and west of the mine area (D Aigle Bay 2 North prospect and Squid showing). See text for details.
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(Eu/Eu* = Eugy/(0.5Smgy + 0.5GdPAAS,) were also cal-
culated for all samples.

Carol Lake Basin

Based on their REE signatures, weakly altered oxide-
facies iron formation samples from the Carol Lake Basin have
been divided into three distinct groups (Figures 22 and 23).
Most of the samples, representing samples from deposits close
to the IOC mine area (Figure 6), are characterized by HREE
enrichment (Pr/Yb gy, = 0.33 = 0.12; Figures 22 and 23), rel-
atively high Y/Ho ratios (38.6 + 5.6; Figure 23) and low total
REE concentrations (3’ REE) of 4.2 to 19.9 ppm. Samples from
the D’ Aigle Bay 2 North prospect (north of the mine area) and
Squid showing (west of the mine area) have higher ) REE
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concentrations (22.7 to 45.7 ppm), and generally have higher
Pr/Yb sy, ratios (0.65 = 0.31) and lower Y/Ho ratios (32.2 +
6.1). Samples from south of the mine (Knight and Polly Lake
deposits) have intermediate characteristics, with ) REE of 22.6
+ 8.9 ppm, Pr/Ybsy, of 0.50 + 0.21 and Y/Ho of 35.7 = 4.3.
Only a few samples show positive or negative Ce anomalies,
with most samples displaying no anomalies or positive La
anomalies (Figure 23), and no distinction between the groups
described above. The Eu anomalies vary from strongly posi-
tive, to weakly negative, with most samples having positive
Eu anomalies (average 1.42 + 0.37, Figure 24).

Moderately to strongly altered oxide-facies iron forma-
tion samples have highly variable REE profiles, with Pr/
Ybsy, ratios ranging from 0.10 to 1.52 and Y/Ho ratios from
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Figure 23. Bivariate plots of Pr/Yb sy, and Y/Ho against total REE (Y REE) concentration of oxide-facies iron formation in the
Carol Lake and Wabush basins. Samples from the Carol Lake Basin separate into deposits from the mine area of the Carol
Project, samples from south of the mine area (Polly Lake and Knight prospects) and samples from north and west of the mine
area (D Aigle Bay 2 North prospect and Squid showing). See text for details.



23.83 to 58.55 (Figure 23). The Y REE concentration ranges
from 5.3 to 105.4 ppm, with all but one sample having <22
ppm Y REE. Some samples display strong negative Ce anom-
alies (Figure A24) and Eu anomalies are generally positive
(Figure 24).

Wabush Basin

The PAAS-normalized REE profiles of weakly altered
oxide-facies iron formation samples from the Wabush Basin
are generally less HREE enriched than samples from the
Carol Lake Basin (Figures 22 and 23), with Pr/Yb gy, ranging
from 0.43 to 1.25 (average 0.65 + 0.2). With the exception of
one sample, the Y/Ho ratio ranges from 24.4 to 34.4. These
samples range from having no Ce anomaly to having slightly
positive Ce anomalies (Figure 24), and most samples have
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positive Eu anomalies (Figure 24). Moderately to strongly al-
tered iron-formation samples have variable LREE to HREE
ratios (Pr/Yby, of 0.15 to 2.95), and common, strong nega-
tive Ce and positive Eu anomalies (Figure 24).

Weakly altered BSIF samples have negligible Ce anom-
alies and positive Eu anomalies, and two of the three samples
analyzed are LREE enriched. Moderately to strongly altered
BSIF have similar Ce and Eu anomalies, but highly variable
LREE to HREE ratios (Pr/Yby, of 0.78 to 3.17).

Mills Lake Basin
Oxide-facies iron formation samples from the Mills Lake

Basin (weakly altered) have flat to weakly HREE-enriched
PAAS-normalized REE profiles (Figure A22), with Pr/Ybgyof
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Eu anomalies) from oxide-facies iron formation in the Carol Lake, Wabush and Mills Lake basins. Grey areas indicate no sig-
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0.69 £ 0.19. They do not display any true positive or negative
Ce anomalies, but do display strongly positive Eu anomalies
(1.49 + 0.23). The single BSIF sample has a flat REE profile,
no Ce anomaly and a strong positive Eu anomaly (1.64).

DISCUSSION

Depositional Environment of
Oxide-facies Iron Formation

The geochemistry of iron formations, in particular the
REE +Y composition, can provide insights into ocean chem-
istry and the depositional environment (Ewers and Morris,
1981; Bau and Dulski, 1996; Bolhar et al., 2004; Pecoits et
al., 2009; Planavsky et al., 2010; Mloszewska et al., 2012;
Haugaard et al., 2013; Wang et al., 2014). The effects of
metamorphism on the distribution of REE + Y is thought to
be insignificant (Bau and Dulski, 1996; Viehmann et al.,
2015), however, late-stage alteration, including supergene
processes, commonly affect the REE + Y content of iron for-
mations (Gutzmer et al., 2008). Therefore, only the geochem-
ical data from the least altered oxide-facies iron formation
samples are used in the following discussion on the deposi-
tional environment of the Sokoman Formation iron formation
in the study area.

All samples are characterized by low Al,O; (generally
<0.5 wt. %) and TiO, (<0.05 wt. %) concentrations (Figure
A19), as well as low concentrations of the HFSE, which are
considered immobile in ocean water, but which are enriched
in clastic detritus (e.g., Zr, Nb; Mloszewska et al., 2012; Hau-
gaard et al., 2013). This indicates these samples represent
pure chemically precipitated sediments, and are considered
proxies for the chemical composition of the Paleoproterozoic
Ocean during deposition (Bau, 1993; Pecoits et al., 2009;
Mloszewska et al., 2012; Haugaard et al., 2013). The major-
and trace-element composition of samples from the Carol
Lake and Wabush basins are generally similar (Figures 19
and 21), with the exception of MnO and LILE (particularly
Ba), which are relatively enriched in samples from the
Wabush Basin. The Mn concentration is considered represen-
tative of the redox condition of the ocean, which was strati-
fied during the Paleoproterozoic, with an oxic upper layer and
deeper anoxic water, separated by a chemical boundary
known as the redoxcline (Figure 25; Planavsky ef al., 2010).
The higher Mn concentration in samples from the Wabush
Basin may indicate deposition at or below this redoxcline, as
Mn-oxides are dissolved in seawater below the redoxcline.
The increase in Ba in these samples may also indicate depo-
sition below the redoxcline, as Ba is preferentially absorbed
by Fe—-Mn-oxides (Dymond et al., 1992) and would have
been transported below the redoxcline, where it was subse-
quently dissolved in the anoxic waters and the liberated Ba
enriched the iron formation.
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Numerous studies have shown that REE-Y concentra-
tions in iron formations reflect the ocean chemistry during
precipitation (Bau and Dulski, 1996; Bolhar ef al., 2004;
Pecoits et al., 2009; Planavsky et al., 2010; Mloszewska et
al.,2012; Haugaard et al., 2013; Wang et al., 2014). In mod-
ern redox-stratified basins, which have a strong redoxcline
separating the upper oxic and lower anoxic layers, LREEs are
generally depleted in the upper oxic layer due to the prefer-
ential removal of LREE vs. HREE onto Fe—Mn oxyhydrox-
ides. Also, the ratio of LREE to HREE increases with depth
as you pass across the redoxcline due to the reductive disso-
lution of these Fe—Mn-rich particles (Planavsky et al., 2010).
In contrast, Y/Ho ratios decrease as you pass below the re-
doxcline, as Ho is relatively enriched compared to Y in
Fe—Mn-rich particles (Planavsky et al., 2010). Late Paleopro-
terozoic (1.9 to 1.8 Ga) oceans are believed to have been
redox-stratified (Figure 25; Planavsky et al., 2010), and there-
fore the PAAS-normalized REE patterns are likely to reflect
the depth of deposition (Figure 25).

The Pr/Yb gy, ratio of oxide-facies iron formation sam-
ples from the Wabush Basin (0.65 + 0.2) are generally higher
than those from the mine area in the Carol Lake Basin (0.33
+ 0.12), with a corresponding decrease in the Y/Ho ratio
(31.8 £ 4.4 in the Wabush Basin vs. 38.7 + 5.6 in the mine
area of the Carol Lake Basin). This suggests that the samples
from the Wabush Basin were deposited in deeper water far-
ther from the continental margin and below the redoxcline
(Figure 25), which is consistent with the elevated Mn and Ba
in these samples. However, the higher Pr/Yby, and lower
Y/Ho ratios of samples from outside the mine area in the
Carol Lake Basin indicate that there is at least some lateral
variation in water depth and/or depth to the redoxcline, and
more research is warranted to determine how these geochem-
ical signatures related to the ocean chemistry and deposi-
tional environment.

The geochemistry of oxide-facies iron formation samples
from the Mills Lake Basin is broadly similar to those from
the Wabush Basin, with relatively high Mn (up to 17.2 wt. %)
and Ba (up to 5142 ppm), and similar Pr/Yby, and Y/Ho ra-
tios (Table 4), consistent with deposition in a deep-ocean
basin below the redoxcline. High Na,O values in some sam-
ples are likely due to the presence of riebeckite in the pro-
tolith, which was subsequently metamorphosed into Mn-rich
aegirine. Riebeckite (and its asbestos form crocodilite) has
also been reported from unmetamorphosed iron formation in
the central Labrador Trough (Zajac, 1974). Zajac (op. cit.) ar-
gued that the riebeckite formed during diagenesis due to high
Na content of the precursor sediments, rather than due to later
hydrothermal alteration. If so, the unusual geochemistry of
these samples reflects unusual ocean chemistry and/or major
hydrothermal input into the basin.
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(PAAS) for weakly altered oxide-facies iron formation in the Carol Lake (mine area) and Wabush basins, showing increased
LREFE to HREE ratios in the Wabush Basin related to deposition in deeper water below the redoxcline.

Depositional Environment of the
Basal Silicate Iron Formation

Samples of BSIF from the Wabush and Mills Lake basins
have much higher Al,O; (up to 2.64 wt. %), TiO, (up to 0.83
wt. %) and P,O; (up to 0.5 wt. %) than the oxide-facies iron
formation (Figure 20). This indicates a higher detrital content
in these samples, as Al,O, and TiO, are unlikely to have pre-
cipitated directly from seawater and are commonly inter-
preted to be immobile during late-stage alteration and
metamorphism (Ewers and Morris, 1981; Horstmann and
Halbich, 1995). The low K,O content of samples from the
Wabush Basin (<0.15 wt. %) indicates that stilpnomelane,
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which is considered a key indicator of volcanogenic prove-
nance (Horstmann and Hélbich, 1995; Pickard, 2002), was
not a major component of the protolith, and therefore volcani-
clastic input into the basin was limited. The BSIF sample
from the Mills Lake Basin has higher average K,O content
of 0.45 wt. %, and therefore there may have been a higher de-
gree of volcanic input into this basin.

The BSIF samples are deposited as chemical muds dur-
ing the transition from clastic sedimentation (Wishart Forma-
tion) to the deposition of the overlying iron formation.
Similarities in stratigraphic position, detrital input and geo-
chemical characteristics (high ALO; and TiO,) between the



BSIF and the Ruth Formation support correlations between
these two units. Pufahl et al. (2014) suggested that the Ruth
Formation on the western margin of the Labrador Trough was
deposited in shallow lagoons during a lowstand system tract.
However, the Ruth Formation is not restricted to nearshore
environments, and has been recorded in deeper water, outer-
shelf or slope environments in the eastern margin of the
Labrador Trough (Wardle, 1979; Lachance, 2015; Conliffe,
2017), which are considered equivalent to BSIF in the
Wabush and Mills Lake basins.

Late-stage Alteration

Late-stage alteration in all oxide-facies iron formation
and BSIF samples is characterized by a strong depletion in
MgO and CaO (Figures 19 and 20). This depletion corre-
sponds to the removal of carbonates and iron silicates, with
the resultant mineralogy consisting predominantly of quartz
and iron oxides. Similar strong depletion of MgO and CaO is
recorded in supergene Fe deposits (Gutzmer et al., 2008).
However, late-stage alteration is not associated with a similar
depletion of SiO, or increase in total Fe content as has been
reported from supergene Fe deposits (Gross, 1968; Conliffe,
2016b), indicating that the fluids responsible for this alter-
ation were not able to leach quartz. This may be due to the
chemical conditions of the fluids (fO,, pH) or to the implica-
tions of the larger grain size of the quartz grains in the meta-
morphosed iron formation, which would have impeded
dissolution.

The MnO concentrations are highly variable and most
samples are strongly depleted in MnO, whereas others are
strongly enriched (up to 20 wt. % MnO). The Mn is highly
mobile during weathering and the distribution of Mn results
from the destruction of Mn-silicates and carbonates in the iron
formation followed by secondary precipitation of Mn-oxides
(psilomelane, pyrolusite, manganite) in discreet veins or lay-
ers. Manganese is commonly associated with redistribution
of other highly mobile elements (e.g., Ba), which are also en-
riched in some samples. This redistribution of Mn is most no-
table in samples from the Wabush Basin because of the higher
initial Mn concentration of the unaltered iron formation, and
has important implications for processing of ore from some
deposits.

Other trace-element concentrations of altered samples
are similar to the weakly altered equivalents (Figure 20), in-
dicating that these elements have not been remobilized during
alteration. In contrast, the REE profiles of altered samples are
highly variable (Figure 23), with some samples displaying
strong enrichment in LREEs (Pr/Yb gy, up to 3.0) and others
displaying enrichment in HREEs (Pr/Yb gy, <0.1). This is re-
lated to the behaviour of REE during alteration, with mobi-
lization of HREE in a low-temperature environment and
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LREE becoming enriched in the weathering residue (Nesbitt,
1979; Babechuk et al., 2014). Similar REE distribution is
recorded from supergene Fe deposits (Gutzmer et al., 2008)
as well as the enriched Fe deposits in the Schefferville area
(Conliffe, 2016b).

SUMMARY AND CONCLUSIONS

Southwestern Labrador is host to numerous iron-ore oc-
currences, which were first discovered in the 1940s and have
been mined since the 1960s. These occurrences occur in the
Paleoproterozoic Sokoman Formation iron formation, which
can be traced throughout the Labrador Trough over a strike
length of 1100 km. The sedimentary and volcanic rocks of
the Labrador Trough are, collectively, known as the Ka-
niapiskau Supergroup, and record a long history of rifting and
passive margin sedimentation on the margin of the Superior
Continent, from 2.17 to 1.87 Ga. In southwestern Labrador,
the rocks of the Kaniapiskau Supergroup extend into the
younger Grenville Province. During the Grenville Orogeny,
they were extensively deformed as part of a foreland directed
fold—thrust belt. Previous work has shown that this deforma-
tion resulted in the formation of a series of thrust sheets, with
three episodes of deformation and folding recognized in the
study area (van Gool, 1992; van Gool et al., 2008). Econom-
ically mineable thicknesses of oxide-facies iron formation are
related to fold repetition and/or viscous flow into fold hinges
during D, and D, deformation (Cotnoir et al., 2002). Meta-
morphism during the Grenville Orogeny also had important
implications for the metallurgy of iron ores, with the chert
and iron oxides having been recrystallized (accompanied by
a marked increase in grain size), resulting in the formation of
a class of deposits known in the Labrador Trough as metata-
conites.

The Sokoman Formation consists of three broadly de-
fined end-member facies: oxide-facies, silicate-facies and car-
bonate-facies. Oxide-facies iron formation, which is the main
economic unit, consists of variable proportions of magnetite
and hematite, quartz, and lesser carbonate and iron silicate
minerals. The stratigraphy of the Sokoman Formation varies
across the study area, and based on these variations, the area
has been subdivided into two parallel, north-northeast-
trending belts; the Carol Lake Basin to the west and the
Wabush Basin to the east, and a small third basin (Mills Lake
Basin) in the southeast of the study area. The Sokoman For-
mation in the Carol Lake Basin consists of a Lower Iron For-
mation (LIF) dominated by a carbonate-facies iron formation,
a Middle Iron Formation (MIF) consisting predominantly of
oxide-facies iron formation, and an Upper Iron Formation
(UIF) with carbonate- and silicate-facies iron formation, and
rare oxide-facies bands. In the Wabush Basin, the Sokoman
Formation has a distinctive BSIF at the base, which may cor-
relate to the Ruth Formation shales in the Schefferville area.



This is overlain by a thick sequence of oxide-facies iron for-
mation, with the carbonate-facies LIF being absent. The upper
part of the Sokoman Formation within the Wabush Basin,
where recorded, consists mainly of carbonate-facies iron for-
mation and minor oxide- and silicate-facies iron formation.
In the Mills Lake Basin, the stratigraphy consists of a lower
BSIF overlain by a carbonate-facies iron formation, the main
oxide-facies iron formation and an upper zone of carbonate-
facies iron formation having a thin (<25 m) oxide-facies layer.

When determining the economic viability of deposits,
moderate to intense secondary alteration and leaching have
important implications as the presence of significant alter-
ation minerals (e.g., goethite) can greatly affect metallurgy.
Alteration has been recorded in some deposits to depths of
>300 m. In the oxide-facies iron formation, this alteration re-
sults in magnetite being partially to completely oxidized to
secondary martite and common goethite. The altered oxide-
facies iron formation is highly friable. The close spatial as-
sociation between altered iron formation and late-stage brittle
faults suggests that these faults may have been reactivated
during tectonic movement, after ductile deformation and
metamorphism (Cotnoir et al., 2002). Further, any late-stage
fluid movement responsible for secondary alteration of the
iron formation, including circulation of formational waters
and/or downward percolation of groundwater, would have fo-
cused along these structures.

New geochemical data, when combined with strati-
graphic interpretations, support the identification of separate
depositional basins, possibly representing separate deposi-
tional centres that have been juxtaposed during later defor-
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mation and crustal shortening. The least altered samples from
the Wabush and Mills Lake basins generally have elevated
Mn and Ba, lower Y/Ho ratios, and are enriched in LREE
compared to samples from the Carol Lake Basin. All samples
have low Al and Ti, indicating that detrital input was minimal
to these basins, and that the geochemistry of the iron forma-
tion reflects the ocean chemistry during deposition. Hence,
the distinct geochemical signature of samples from the
Wabush and Mills Lake basins is interpreted to represent dep-
osition in relatively deeper water compared to the Carol Lake
Basin, below the redoxcline in a stratified ocean (with an oxic
upper layer and reduced lower layer). However, more detailed
geochemical analyses (including microanalysis of individual
mineral phases) is warranted to determine how these geo-
chemical signatures relate to the ocean chemistry and depo-
sitional environment.

The effects of late-stage alteration include strong deple-
tion of Mg and Ca, corresponding to the removal of carbon-
ates and iron silicates, and remobilization of Mn into discrete
layers and veins. The remobilization of Mn has implications
for the processing of these deposits, as Mn is deleterious to
steel making. Similar late-stage alteration of Sokoman For-
mation rocks is observed in the Schefferville area, where it is
associated with the leaching of Si and residual enrichment of
the residual iron formation during the genesis of high-grade
(>55% Fe) DSO deposits (Gross, 1968; Conliffe, 2015,
2016b). However, late-stage alteration in the study is not as-
sociated with any Si depletion or Fe enrichment, which may
be due to the chemistry of the fluids or the larger quartz grain
size in the metamorphosed iron formation that would impede
dissolution.



PART B

INTRODUCTION

Part B summarizes the geological setting and history of exploration of 40 named iron-ore occurrences in southwestern
Labrador (NTS map areas 23B/14, 15, 23G/02, 03 and part of 07). The descriptions are based on assessment reports (available
via the Government of Newfoundland and Labrador GeoFiles Collection), company reports (available on the SEDAR system
at www.sedar.com) and information gathered during fieldwork by the author in 2012, 2013 and 2014.

Southwestern Labrador is host to numerous iron-ore occurrences, first discovered in the 1940s, that have been mined since
the 1960s. Today, mining forms the backbone of the economy of western Labrador, and the iron-ore deposits in the region
account for more than half of the gross value of mineral shipments for Newfoundland and Labrador (2016 GNL statistics website:
https://www.geosurv.gov.nl.ca/minesen/mineral shipments/).

All the occurrences hosted by the Paleoproterozoic Sokoman Formation iron formation, are part of a sequence of sedimen-
tary and volcanic rocks of the Labrador Trough, collectively known as the Kaniapiskau Supergroup, which record a long history
of rifting and passive margin sedimentation from 2.17 to 1.87 Ga. In southwestern Labrador, the rocks of the Kaniapiskau
Supergroup extend into the younger Grenville Province, and during the Grenville Orogeny (ca. 1.0 Ga) they were extensively
metamorphosed and deformed. This metamorphism was responsible for the formation of metataconite deposits, where iron for-
mation rich in Fe-oxides (hematite and magnetite) was recrystallized to medium- to coarse-grained magnetite, specular hematite
and quartz, which are easily beneficiated into iron concentrates (approximately 65% Fe) ideal for pellet production. Deformation
during the Grenville Orogeny was also important in the development of structurally influenced mineable thicknesses of oxide-
facies iron formation.

The regional geological setting, stratigraphy of the Kaniapiskau Supergroup metasedimentary rocks in the study area, stratig-
raphy of the Sokoman Formation and the effects of Grenvillian deformation and metamorphism are described, in detail, in Part
A. This report also includes whole-rock geochemical data (Appendices A to F) from select iron-ore occurrences.

NOTES ON THE STRUCTURE OF PART B

Part B provides a brief summary of the geological setting and exploration history of 40 named occurrences in the study area.
Each description is designed as a stand-alone record including references, geological maps and other images, where appropriate.
The location of each occurrence is shown in Figures 26 and 27, with the number referring to a number prescribed to each occurrence
alphabetically (Table 1).

Each occurrence has been given a location, based on the approximate centre of the occurrence, or location of a representative
mineralized drillhole. Where appropriate, any alternate name for the occurrence is provided, as well as an appropriate reference
to the occurrence in the Mineral Occurrence Data System (MODS). The current status of the occurrence is provided, which rep-
resents an indicator of the amount of work done on the occurrence, and hence, the amount of information that exists about it. The
occurrences in this report are classified into five major designations based on the criteria outlined in the MODS. These criteria
are as follows:

e Producer — A mineral deposit from which ore is being extracted for commercial gain or benefit. Does not include deposits
from which the only material extracted has been for test purposes.

*  Developed Prospect — A mineral deposit on which, in the opinion of the author, enough development work has been done
to provide data for the making of a reasonable estimate of the amounts of one or more commodities present, even though
the data themselves may not be available.

»  Past Producer (Dormant) — A mineral deposit from which production is no longer obtained, but there are additional reserves
or demonstrated resources. Does not include those mineral deposits on which work was stopped after extracting a bulk
sample for milling and other tests, even though the sample may have been large.

*  Prospect— A mineral deposit upon which, in the opinion of the author, enough development work has been done to provide

data for the making of a reasonable estimate of the spacial extent of the deposit, but not enough to estimate the amount of
any commodity present.
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Figure 26. Overview map showing location of individual showings, prospects and deposits discussed in detail. Number refers

to deposit number listed in Table 1. For detailed location of showing, prospects and deposits in the area indicated by the black
box outline, see Figure 27.
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Figure 27. Map showing location of individual showings, prospects and deposits. Numbers refer to deposits in Table 1.

*  Showing — A mineral deposit upon which some development work may have been done, but the extent of such work was
not adequate, in the opinion of the author, to provide enough data to estimate its spacial dimensions.

The description of each occurrence includes information on the location of, and access to, the occurrence, as well as brief
summaries of the geology and stratigraphy, mineralization, structure and geophysical signature of the occurrence.

The history of exploration summarizes the exploration and development history of the occurrence, based on information
available in assessment reports and company documents available on SEDAR.
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PROSPECT/DEPOSIT DESCRIPTIONS

1. CANNING

Alternate Name: Canning Lake, Canning No. 1, New Townsite

MODS Showing(s): 023B/15/Mn003
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5867803
Easting (NAD27): 637400

Latitude: 52.9442

Longitude: -66.9552

Object Located: Drillhole CA-10-02

Description of Occurrence

The Canning prospect is located 3.5 km southeast of Labrador City. The prospect extends for over 3600 m, from southeast
of Canning Lake to north of the Trans-Labrador Highway (TLH; Figure 28), and likely represents the southern extension of the
Wabush 4 prospect. Access is by a series of gravel roads.

Shabogamo Gabbro

Menihek Formation

Sokoman Formation (oxide facies)
Sokoman Formation (non-oxide facies)
Wishart Formation
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Figure 28. 4) Geological map of the Canning prospect (adapted from Cotnoir et al., 2002), showing location of drillholes from
1971, 2010 and 2011 exploration programs (Muwais and Broemling, 1971; Carter, 2011a; Marshall, 2012a),; B) Airborne mag-
netics (second vertical derivative) illustrates the extent of iron formation (data from Cotnoir et al., 2002).

Le Fer Formation

1971 drillhole collars (I0C) N

2010 drillhole collars (IOC) 0 750 1500
2011 drillhole collars (I0C) _m:'
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Geology and Stratigraphy

Outcrop in the Canning Lake area is sparse, but geophysical data show that it is a southern extension of the Wabush 4
prospect (Cotnoir ef al., 2002). The Sokoman Formation is stratigraphically underlain by the Wishart and Le Fer formations
(Figure 28). Diamond drilling in the Canning Lake area has shown that appreciable thicknesses of iron formation are present
(up to 300 m in drillhole CA-10-02). The iron formation is commonly altered, and no detailed stratigraphic information is avail-
able. However, at the Wabush 4 prospect, along strike to the north, the dominant lithology is the MIF and LIF, with only irregular
in-folded sections of UIF (Darch et al., 2003a).

Mineralization

The Sokoman Formation at the Canning prospect is dominantly composed of quartz—hematite schist (Plate 30A). The iron
formation is commonly friable and alteration is strong to moderate throughout, with abundant secondary goethite and leaching
of carbonates and Fe-silicates (Plate 30B). This alteration is likely related to late-stage (post-metamorphic) fluid flow, secondary
leaching and/or deep weathering along major faults, and is similar to alteration seen in the nearby Scully deposit. Manganese
contents are generally low (<0.2% Mn), but some intervals have Mn contents of up to 5.92% Mn over 4 m (Carter, 2011a;
Marshall, 2012a).

Carter (2011a) and Marshall (2012a) reported on some metallurgical testwork on drillcore samples from the Canning Lake
prospect (SAG Power index (SPI) and iron recovery testing (TT)). These data show that the ore is soft (low SPI), with low to
moderate iron recovery.

The best assay results are from drillholes CA-10-01 (32.1% Fe over 126.8 m at 9 m depth) and CA-11-04 (31.7 % Fe over
81 m at 12 m depth).

Structure

The Canning prospect is located in a northeast—southwest-trending, northwest-verging syncline, which is plunging to the
southwest in the northern part of the prospect, and to the northeast in the southern portion of the deposit (Cotnoir et al., 2002).
A northeast-trending normal fault cuts through the centre of the deposit (Muwais and Broemling, 1971), which may represent
the northeastern extension of the major normal fault recorded in the Scully deposit.

Geophysics

Regional airborne magnetic surveys (Cotnoir ef al., 2002) show that the Canning prospect has a lower magnetic response
than other iron-ore showings and prospects along strike (e.g., Wabush 4 prospect). This is likely due to the strong alteration of

Plate 30. A) Typical lean quartz—specularite schist with moderate hematite alteration (drillhole CA-10-02 @ 241.8 m),; B)
Strongly altered quartz—specularite schist, with secondary goethite replacing carbonates (drillhole CA-10-02 @ 227 m).
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the iron formation, and associated oxidation of magnetite to hematite. No gravity data are available from the Canning Lake
area, but Hulstein and Lee (2001) indicated that unpublished gravity data show that the deposit is flat-lying and shallow.

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates based on limited data range from 35 to 750 Mt grading 27% Fe (Hulstein and
Lee, 2001).

History of Exploration

1949: Geological mapping (Neal, 1950a)

1953: Geological mapping and prospecting (Crouse, 1954)

1959: Geological mapping and magnetic survey (Nincheri, 1959)

1971: Geological mapping and prospecting, diamond drilling (30 drillholes, 651.66 m, Muwais and Broemling, 1971)
1972: Aeromagnetic survey (unpublished IOC report)

1979: Ground magnetometer survey (Price, 1979a)

1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, structural/ stratigraphic
interpretation (Cotnoir et al., 2002)

2010: Diamond drilling (2 drillholes, 435.8 m, Carter, 2011a)

2011: Diamond drilling (2 drillholes, 522 m, Marshall, 2012a)
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2. CAROL LAKE NORTH

Alternate Name: Lac Montenon, Carol Lake North 1, Carol Lake North 2
MODS Showing(s): 023G/02/Mn005, 023G/02/Mn006
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5880930

Easting (NAD27): 634914

Latitude: 53.0628

Longitude: -66.9867

Object Located: Drillhole 121.B0043

Description of Occurrence

The Carol Lake North prospect is located to the north of Carol Lake (Figure 29), west of IOC’s Carol Lake mining operation
and approximately 14 km northwest of Labrador City. There are no roads in the area, and access is via helicopter.

Z
o
=« ‘ Carol
ﬁﬁf , Lake
- Shabogamo Gabbro - Ashuanipi Complex N
[] Menihek Formation @ 2010 drillhole collar (Rio Tinto) 0 750 1500
- Sokoman Formation (oxide facies) @ 2011 drillhole collars (Rio Tinto) m
|:| Sokoman Formation (non-oxide facies) @ 2012 drillhole collars (Rio Tinto)
I:l Wishart Formation ‘.". Provincial boundary
D Le Fer Formation

Figure 29. 4) Geological map of the Carol Lake North area (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2010, 2011 and 2012 drilling programs (Hovis and Goldner, 2011a; Goldner and Sauve, 2012, Goldner et al., 2013); B)
Airborne magnetics (second vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The geology to the north of Carol Lake comprises Kaniapiskau Supergroup metasedimentary rocks, which are intruded by
Shabogamo Gabbro sills and cut by east— northeast-trending normal faults, that offset the stratigraphy and subdivide the property
into three structural packages (Figure 29).

Geological mapping indicates that Le Fer Formation schists and Wishart Formation quartzites are located at the base of the
stratigraphic sequence, and are overlain by Sokoman Formation iron formation. Shabogamo Gabbro sills intrude the Sokoman
Formation, particularly in the southern portion of the property where they form topographic highs of resistant material. Menihek
Formation shales occur at the top of the sequence, and have been mapped to the west of Carol Lake (Figure 29). Diamond
drilling in the central portion of the property intersected thick sequences of graphitic schist (Menihek Formation), which is not
shown on geological maps due to lack of outcrop control.

The stratigraphy of the Sokoman Formation is poorly understood due the lack of distinctive marker horizons and the struc-
tural complexity, with individual units pinching and swelling over short distances (Goldner et al., 2013). Diamong drilling have
recorded significant thicknesses of iron formation, particularly in the south of the property (up to 150 m thick). Oxide-, carbon-
ate- and silicate iron formation haveall been recorded, with carbonate- and silicate-facies iron formations commonly displaying
alteration with abundant secondary goethite.

Mineralization

The thickest sequences of oxide-facies iron formation have been recorded from the southern portion of the property, with
only thin (<20 m) intervals of magnetite-rich oxide-facies iron formation recorded from the centre and northern portions of the
property. Oxide-facies iron formation at the southern portion of the property consists of magnetite- and hematite-rich iron for-
mation, with abundant secondary goethite in places. This alteration is likely related to late-stage (post-metamorphic) fluid flow,
secondary leaching and/or deep weathering along major faults.

Goldner et al. (2013) reported on metallurgical testwork from drillcore samples from the prospect. Heavy Liquid Separation
(HLS) and Davis Tube Recovery (DTR) both indicated that a moderate- to high-grade, low contaminant concentrate can be
achieved, but iron weight recoveries were generally low. Bond Work Index results show that the ore is relatively soft. However,
this data is only preliminary, and may not be representative of the prospect as a whole.

Assay data from diamond-drill holes show significant thicknesses of oxide-facies iron formation in the southern portion of
the property, with highlights including 33.7% Fe over 72.86 m at 1.28 m depth (drillhole 12LB0043), 32.7% Fe over 65.42 m
at 5.18 m depth (drillhole 12LB0039) and 30.8% Fe over 97.07 m at 1.78 m depth (drillhole 12LB0047).

Structure

A structural interpretation of the Carol Lake North prospect by Goldner ef al. (2013) suggests the Sokoman Formation has
been intensely folded, forming a series of noth—south-trending, east-dipping folds that plunge to the south. However, this inter-
pretation was hampered by the lack of recognizable marker horizons and an abundance of micro- and macro-folding observed
in drillcore. Additionally, it is difficult to recognize repeated layers and folding patterns, or to decipher their scale, in the Carol
Lake North drillcore (Goldner et al., 2013).

Prominent east—northeast-trending normal faults are located north of Carol Lake, which are evident on geological maps
and in airborne magnetic data (Figure 29). Numerous thrust faults have also been intercepted during diamond drilling.

Geophysics
Regional airborne magnetic surveys show that the southern portion of the Carol Lake North prospect is characterized by a
strong magnetic response (Figure 29; Cotnoir ef al., 2002), which is coincident with the thickest intervals of iron formation en-

countered during diamond drilling. The central part of the prospect has a lower magnetic response, corresponding to the thick
sequences of graphitic schist (Menihek Formation) and only minor iron formation encountered during diamond drilling, whereas
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the northern portion of the prospect has a moderate magnetic response interpreted to be related to the relatively thin (<20 m) in-
tervals of magnetite-rich iron formation encountered during drilling.

Ground gravity surveys have identified a significant gravity anomaly to the northeast of Carol Lake (Goldner and Sauve,
2012), which corresponds to thick sequences of iron formation and Shabogamo Gabbro sills.

Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.

* 1949:
*  1953:
*  1958:
e 1959:

1978:
e 1979:
1982:

History of Exploration

Geological mapping (Neal, 1950a)

Prospecting and mapping (Almond, 1953)

Diamond drilling (1 drillhole, 17.4 m, Eade, 1958)

Ground gravity and magnetometer survey (Grimaldi, 1959a)

Ground magnetometer survey (Stubbins, 1978a)

Diamond drilling (1 drillhole, 16 m, Grant, 1979a)

Diamond drilling (1 drillhole, 44.5 m, Simpson and Bird, 1982), airborne geophysical surveys (EM, magnetics, ra-

diometrics, Johnson, 1982)

e 2001:
e 2008:
e 2009:

e 2010:
e 2011:
2012:

Regional airborne magnetic surveys (Cotnoir et al., 2002)

Prospecting, ground gravity survey (Downing and Mitchell, 2009a)

Geological mapping and prospecting (Downing, 2010)

Diamond drilling (1 drillhole, 150.3 m, Hovis and Goldner, 2011a)

Diamond drilling (3 drillholes, 787 m) and ground gravity survey (Goldner and Sauve, 2012)

Diamond drilling (8 drillholes, 2154.9 m) and metallurgical testwork (Goldner et al., 2013), airborne gravity gra-

diometer survey (Suave et al., 2012)
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3.D’AIGLE BAY 1

Alternate Name: D’ Aigle Bay (I0CC) Property
MODS Showing(s): n/a

Status: Showing

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5885761
Easting (NAD27): 642191
Latitude: 53.1044

Longitude: -66.8760

Object Located: Drillhole DB-06-09

Description of Occurrence

The D’Aigle Bay 1 showing is located on the southern shore of D’Aigle Bay (Figure 30), a small bay on the western shore
of Wabush Lake approximately 18 km north of Labrador City. There is no road access to the area, and access is by boat from
Wabush Lake, helicopter or by foot or ATV from the IOC mine area.

Geology and Stratigraphy

The bedrock geology of the D’Aigle Bay 1 area consists of the Sokoman and Wishart formations (Figure 30). The Le Fer
Formation outcrops on the northern shore of D’ Aigle Bay, below the Wishart Formation, and a large sill of Shabogamo Gabbro
intrudes the lower part of the Sokoman Formation to the west of the showing (Figure 30).

Information on the stratigraphy of the Sokoman Formation in the area is based on a single drillhole (Clark, 2006), which
intersected the Sokoman Formation from 17 to 141 m. Carbonate-facies iron formation with minor oxide-facies (hematite-rich)
was recorded from 17 to 73 m, which was interpreted as UIF. This was underlain by 55 m of oxide-facies iron formation (MIF).
The lower 11 m of the Sokoman Formation was logged as carbonate-facies LIF. The drillhole finished in quartzite of the Wishart
Formation.

Mineralization

The oxide-facies iron formation (MIF) encountered in diamond drilling (Clark, 2006) and in outcrop on the shores of
D’Aigle Bay (Darch et al., 2003b; Darch, 2004) is hematite-rich, and is classified as quartz-specularite schist. In places, the
iron formation is moderately to strongly altered, with friable and sandy sections. Manganese contents of oxide-facies iron for-
mation are generally low (<0.5% Mn), but assay data show that Mn values are higher at the top of the MIF (1.5% Mn over 15
m, Clark, 2006).

There is no published metallurgical testwork available from the D’Aigle Bay 1 showing.

Assay results from drillhole DB-06-09 show that the oxide-facies Sokoman Formation averages 35.1% Fe over 55 m (from
73 to 128 m).

Structure

The D’Aigle Bay 1 showing is interpreted to occur within the core of an open synformal fold dipping shallowly to the east
(10 to 30°), which plunges to the south-southeast (Darch, 2004).

Geophysics
The D’ Aigle Bay 1 showing has a subdued magnetic response compared to the Sokoman Formation directly to the northwest

(Figure 30), which is likely due to the low magnetite content of the oxide-facies iron formation. Darch et al. (2003b) reported
on gravity surveys across the showing, which identified a number of areas of anomalous high gravity readings.
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Figure 30. A) Geological map of the D Aigle Bay area (adapted from Cotnoir et al., 2002), showing location of drillhole from
2006 drilling program (Clark, 2006); B) Airborne magnetics (second vertical derivative) showing extent of iron formation (data
from Cotnoir et al., 2002).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Hulstein and Lee (2001) reported on a combined estimate (non 43-101 compliant) of 280 million tons grading 33% Fe for
the D’ Aigle Bay 1 showing and D’ Aigle Bay 2 North and 2 South prospects based on limited data.

History of Exploration

e 1950: Geological mapping (Neal, 1951)

*  1953: Geological mapping and prospecting (Almond, 1953)

*  1957: Geological mapping and prospecting (Crouse, 1957)

*  1958: Geological mapping, sampling, dip needle, 52 diamond-drill holes, 732 m (see Hulstein and Lee, 2001)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1982: Airborne geophysical surveys (radiometrics) (Johnson, 1982)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, structural/stratigraphic
interpretation (Cotnoir ef al., 2002)

e 2003: Geological mapping and prospecting, ground gravity survey (Darch et al., 2003b)

e 2004: Geological mapping and prospecting (Darch, 2004)

e 2006: Diamond drilling (1 drillhole, 171.5 m, Clark, 2006)

e 2011: Airborne gravity gradiometer, electromagnetic and magnetic geophysical surveys (Wallace, 2012a)

61



4. D’AIGLE BAY 2 NORTH

Alternate Name: D’ Aigle Bay (LIORC) Property, Bondurant Lake
MODS Showing(s): 023G/02/Fe017
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5889203
Easting (NAD27): 643341
Latitude: 53.1349

Longitude: -66.8571

Object Located: Drillhole DB-10-14

Description of Occurrence

The D’Aigle Bay 2 North prospect refers to a large exposure of iron formation that outcrops for ~4 km (strike length) to
the north and southwest of Bondurant Lake (Figure 31), approximately 22 km north of Labrador City. It is located along strike
from the D’Aigle Bay 2 South prospect (see below), but they are separated by a dextral fault that offsets the stratigraphy (see
Structure). Access is by helicopter.

Geology and Stratigraphy

The Sokoman Formation outcrops to the southwest and north of Bondurant Lake, and it is clearly imaged by the airborne
magnetic data (Figure 31C). However, exposure elsewhere on the property is poor, which combined with structurally complex-
ities has resulted in a number of differing interpretations of the bedrock geology. Rivers and Massey (1985) indicated that the
bedrock geology to the northwest and southeast of Bondurant Lake was predominantly quartzofeldspathic schists of the Le Fer
Formation, and minor Wishart Formation quartzite (Figure 31A). van Gool (1992) reinterpreted the quartzofeldspathic gneisses
as basement rocks of the Archean Ashuanipi Complex, which are separated from cover rocks of the Sokoman and Wishart for-
mations by thrust faults. In contrast, geological mapping by IOC (Darch et al., 2003b) interpreted the rocks to the east of
Bondurant Lake as Sokoman Formation (Figure 31B), although this is not consistent with the aeromagnetic data (Figure 31C).
In 2010, two diamond-drill holes were drilled to the east of Bondurant Lake (Figure 31; Carter, 2011b). These showed interbed-
ded quartz—feldspar—biotite schists (Le Fer Formation?) and quartzite with minor muscovite (Wishart Formation?), consistent
with the mapping of Rivers and Massey (1985).

Outcrops of the Sokoman Formation are dominantly oxide-facies and carbonate-facies (van Gool, 1992; Darch ef al.,
2003b), interpreted as representing the MIF and LIF, respectively. In 2011, diamond drilling to the south of Bondurant Lake en-
countered the Sokoman Formation from 15 to 166 m depth. The drillhole collared in Wishart Formation quartzite, and the se-
quence, is likely folded with interbedded carbonate-facies LIF and oxide-facies MIF and minor silicate-facies iron formation.
The base of the Sokoman Formation is marked by a conformable contact with a thin unit of Wishart Formation quartzite,
followed by quartz—sericite—muscovite schist (possible Le Fer Formation).

Mineralization

The oxide-facies Sokoman Formation consists of banded iron formation, oxide- and chert-rich bands and lesser carbonate
and silicate bands (Plate 31A). In general, magnetite > hematite (Plate 31B), but sections of quartz—hematite schist are common
throughout (Carter, 2011). In outcrop, the oxide-facies iron formation is commonly friable and weathered, where the carbonate
minerals have leached out (Darch et al., 2003b), but at depth, the iron formation is generally fresh and unaltered. Assay data
show that the Mn content of oxide-facies iron formation ranges from 0.2 to 2.4% Mn (Carter, 2011b).

Six composite samples from the 2010 drilling program were sent for metallurgical testwork (SAG Power index (SPI) and

iron recovery testing (TT)) (Carter, 2011b). These data show that the oxide-facies iron formation is moderately hard and has
low to moderate iron recoveries.
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Figure 31. Geological maps and aeromagnetic data from the D Aigle Bay 2 North prospect in the Bondurant Lake area, showing
location of drillhole from 2010 drilling program (Carter, 2011b). A) Geological map of Rivers and Massey (1985); B) Geological
map based on I0C mapping (adapted from Cotnoir et al., 2002); C) Airborne magnetics (second vertical derivative) in the
Bondurant Lake area, showing extent of iron formation (data from Cotnoir et al., 2002).
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Plate 31. A) Banded oxide-facies iron formation with dark-grey magnetite-rich layers, white—light-grey chert-rich layers and
lesser yellow carbonate-rich layers (drillhole DB-10-14 @ 162.9 m); B) Photomicrograph of banded, magnetite-rich ore with
magnetite (minor hematite) and quartz-rich bands (drillhole DB-10-14 @ 163.1 m, reflected light).

Assay data from the 2010 drilling program show that the iron formation is relatively low grade (generally <30% Fe), with
the best mineralized section observed in drillhole DB-10-14 from 117 to 132 m (31.1% Fe over 15 m).

Structure

van Gool (1992) showed that the structural history in the area north of Bondurant Lake is complex, with multiple thrust
sheets and, at least, three generations of folding. He suggested that thrusting during the Grenville orogeny was responsible for
the formation of a duplex complex, with interleaved sections of the Sokoman Formation and gneiss of the Ashuanipi Complex.
Geological mapping combined with geophysical data show that the Sokoman Formation occupies a series of open synformal
dominated folds that dip shallowly to the east (10 to 30°) and plunge shallowly to the south (Darch et al., 2003b).

Two generations of faulting have been recognized. The earliest faults recognized in the D’Aigle Bay area are northwest—
southeast-trending faults with a dextral offset, which divide the area into a number of tectonic blocks, separating the D’ Aigle
Bay 2 North and South prospects (Darch ef al., 2003b). A second set of faults trend northeast—southwest and have been observed
to truncate the earlier northwest—southeast fault set (Darch et al., 2003b). The northwest—southeast fault set mark the northern
and souther boundaries of the D’Aigle Bay 2 North and South prospects, and are interpreted to be thrust faults associated with
the Grenville orogreny (Darch et al., 2003b).

Geophysics
Regional acromagnetic data show that the D’ Aigle Bay 2 North prospect has a strong magnetic response, with a width of
>1 km and a strike length of more than 4 km extending to the southwest and north of Bondurant Lake (Figure 31C; Cotnoir et
al., 2002). The relatively strong magnetic response is due to the high magnetite content of the oxide-facies iron formation. Darch
et al. (2003b) reported that reconnaissance-style gravity surveys indicate a broad, low-amplitude gravity anomaly to the south
of Bondurant Lake, interpreted as representing a 100- to 150-m-thick sequence of oxide-facies iron formation.
Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.

Hulstein and Lee (2001) reported on a combined estimate (non 43-101 compliant) of 280 million tons grading 33% Fe for
the D’Aigle Bay 1 showing and D’Aigle Bay 2 North and 2 South prospects based on limited data.
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History of Exploration

1950: Geological mapping (Neal, 1951)

1953: Geological mapping and prospecting (Almond, 1953)

1958: mapping, sampling, dip needle, 52 diamond-drill holes, 732 m, (see Hulstein and Lee, 2001)
1972: Aeromagnetic survey (unpublished IOC report)

1979: Ground magnetometer survey, prospecting (Price, 1979b)

1982: Airborne geophysical surveys (radiometrics, Johnson, 1982)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, structural/stratigraphic
interpretation (Cotnoir et al., 2002)

2003: Geological mapping and prospecting, ground gravity survey (Darch et al., 2003b)

2004: Geological mapping and prospecting (Darch, 2004)

2010: Diamond drilling (3 drillholes, 491 m, Carter, 2011b)

2011: Airborne gravity gradiometer, electromagnetic and magnetic geophysical surveys (Wallace, 2012a)
2012: Airborne gravity gradiometer survey (Suave et al., 2012)
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5. D’AIGLE BAY 2 SOUTH

Alternate Name: D’ Aigle Bay (LIORC) Property, Tuffy Zone, Tuffy Lake

MODS Showing(s): 023G/02/Fe021
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5885323
Easting (NAD27): 639216
Latitude: 53.1011

Longitude: -66.9207

Object Located: Drillhole DB-05-05

Description of Occurrence

The D’Aigle Bay 2 South prospect refers to a large area of oxide-facies iron formation located between Lost Lake and
Tuffy Lake (Figure 32), to the west of Wabush Lake and approximately 18 km north of Labrador City. It forms part of a linear
band of iron formation that continues to the north of Lost Lake and south of Tuffy Lake for a strike length of more than 6 km.
There is no road access to the area, and access is by boat, helicopter or on foot or ATV from the IOC mine area.
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Figure 32. A) Geological map of the D Aigle Bay 2 South prospect (adapted from Cotnoir et al., 2002), showing location of
drillholes from 2005 and 2010 exploration programs (Darch, 2005a,; Carter, 2011b); B) Airborne magnetics (second vertical
derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

Outcrop at the D’ Aigle Bay 2 South prospect is sporadic, but where observed the bedrock geology is dominated by oxide-
facies MIF (magnetite and hematite-rich) and carbonate-facies LIF. East of Lost Lake, the LIF is intruded by a Shabogamo
Formation gabbro sill (Figure 32), and the Sokoman Formation is underlain by a thin quartzite unit (Wishart Formation) and
quartzofeldspathic schists (Le Fer Formation; Rivers and Massey, 1985, and Darch, 2004). To the west, the Sokoman Formation
is thrust over the Archean Ashuanipi Complex (van Gool, 1992).

Diamond drilling on the D’ Aigle Bay 2 South prospect indicates that the Sokoman Formation consists of alternating intervals
of oxide-facies iron formation (magnetite > hematite) and carbonate-facies iron formation, with lesser bands of silicate-facies
iron formation (Darch, 2005a). Although the structural complexity of the area is poorly understood, these relationships were in-
terpreted by Darch (2005a) as representing thick sequences of LIF having oxide bands. Drilling results from the north of Lost
Lake and south of Tuffy Lake (Carter, 2011b) indicate that the iron formations in these areas also consist of alternating oxide-
and carbonate-facies iron formation.

Mineralization

Oxide-facies iron formation consists predominantly of quartz—-magnetite—specularite schist, with magnetite concentrated
in bands or as disseminations in lean iron formation (Darch, 2005a). Specular hematite occurs in bands or as coarse-grained
segregations associated with quartz-rich areas (Darch, 2005a). Manganese contents are also relatively high (>1% Mn; Darch,
2005a). In outcrop, the oxide-facies iron formation is commonly friable and altered, with carbonate minerals leached out (Darch
et al., 2003b). Drilling at the south of the prospect intersected significant thicknesses of altered iron formation to depths of >95
m, with abundant goethite and leaching of carbonate and iron silicate minerals.

Darch (2005a) reported on RMI (rod mill index) determination, minus 200 mesh weight fraction and iron weight recovery
values from drillcore samples, which indicate that oxide-facies iron formation is relatively hard (high RMI values) and iron re-
coveries are low to moderate. Carter (2011b) reported on SAG Power index (SPI) and iron recovery testing (TT) results from
14 composite drillcore samples, with similar results to Darch (2005a).

Although much of the iron formation is low-grade (<30% Fe) and oxide-poor, significant mineralized intervals were
recorded in a number of drillholes (Darch, 2005a). Drillhole DB-05-01 from the northern part of the prospect intersected 34.8%
Fe over 74 m at 106 m depth (with 1.96% Mn). Higher grades are also associated with strongly altered iron formation from the
southern part of the prospect, including 41.2% Fe over 26.7 m at the top of drillhole DB-05-06 and 39.5% Fe over 40.5 m at the
top of drillhole DB-05-08.

Structure

Geological mapping combined with geophysical data show that the Sokoman Formation occupies a series of open synformal
dominated folds, which dip shallowly to the east (10 to 30°) and plunge shallowly to the south (Darch et al., 2003b).

Two generations of faulting have been recognized. The earliest faults recognized in the D’Aigle Bay area are northwest—
southeast-trending faults with a dextral offset, which divide the area into a number of tectonic blocks, separating the D’ Aigle
Bay 2 North and South prospects (Darch ef al., 2003b). A second set of faults trend northeast—southwest and have been observed
to truncate the earlier northwest—southeast fault set (Darch et al., 2003b). The northwest—southeast fault set, mark the northern
and southern boundaries of the D’ Aigle Bay 2 North and South prospects, and are interpreted to be thrust faults associated with
the Grenville orogreny (Darch et al., 2003b).

Geophysics
Regional aecromagnetic data show that the D’Aigle Bay 2 South prospect is coincident with a broad magnetic anomaly
(Figure 32; Cotnoir et al., 2002), which is due to the high magnetite content of much of the iron formation. Darch et al. (2003b)

reported that reconnaissance style gravity surveys indicate a broad, low-amplitude gravity anomaly over the D’Aigle Bay 2
South prospect, which was interpreted as representing a 100- to 150-m-thick sequence of oxide-facies iron formation.
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Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Hulstein and Lee (2001) reported on a combined estimate of 280 million tons grading 33% Fe for the D’Aigle Bay 1
showing and D’Aigle Bay 2 North and 2 South prospects based on limited data.

History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1953: Geological mapping and prospecting (Almond, 1953)

e 1957: Geological mapping and prospecting (Crouse, 1957)

*  1958: mapping, sampling, dip needle, 52 diamond-drill holes, 732 m, (see Hulstein and Lee, 2001)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1979: Ground magnetometer survey, prospecting (Price, 1979b)

e 1982: Airborne geophysical surveys (radiometrics, Johnson, 1982)

*  1985: Magnetic surveys and geological mapping (Simpson ef al., 1985)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, structural/stratigraphic
interpretation (Cotnoir et al., 2002)

e 2003: Geological mapping and prospecting, ground gravity survey (Darch et al., 2003b)

e 2004: Geological mapping and prospecting (Darch, 2004)

e 2005: Diamond drilling at D’Aigle Bay 2 South (8 drillholes, 1128 m, Darch, 2005a)

e 2010: Diamond drilling at D’Aigle Bay 2 South (1 drillhole, 189 m), as well as north of Lost Lake (2 drillholes, 298 m)
and west of Tuffy Lake (1 drillhole, 144 m, Carter, 2011b)

e 2011: Airborne gravity gradiometer, electromagnetic and magnetic geophysical surveys (Wallace, 2012a)

e 2012: Airborne gravity gradiometer survey (Suave et al., 2012)
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6. DULEY

Alternate Name: Duley No. 2, Long Lake
MODS Showing(s): 023B/15/Fe008
Status: Prospect

Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5860313
Easting (NAD27): 635012
Latitude: 52.8775

Longitude: -66.9939

Object Located: Drillhole DU-10-02

Description of Occurrence

The Duley prospect is located on the western shore of Long Lake (also known as Duley Lake), approximately 5 km south
of Labrador City. The prospect extends for more than 2 km south of Long Lake (Figure 33), and is located along strike from the
Scully deposit to the north and the Rose deposit to the south. Access is by a secondary road off the TLH (access to Duley
Provincial Park and campsite), and by a series of gravel roads.
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Figure 33. 4) Geological map of the Duley prospect (adapted from Cotnoir et al., 2002), showing location of drillholes from
2010 exploration programs (Carter, 2011c); B) Airborne magnetics (second vertical derivative) showing extent of iron formation

(data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Duley prospect is hosted within a synclinal structure, which preserves a full sequence of the Kaniapiskau Supergroup
(Figure 33). The Menihek Formation is located in the core of the syncline to the south of the Duley prospect, and overlies a
thick sequence of Sokoman Formation iron formation. Wishart Formation quartzite outcrops on high ridges to the east and west
of the iron formation, and is underlain by dolomites of the Denault Formation and schists of the Le Fer Formation. A number
of thin (<10 m) gabbro sills intrude into the Sokoman Formation.

The stratigraphy of the Sokoman Formation was examined in detail in drillhole DU-10-03. There is good lateral continuity
between the stratigraphy recorded in the Rose deposit along strike to the south of the Duley prospect. The drillhole collars in
altered oxide-facies iron formation, which transitions into less-altered oxide-facies iron formation with high magnetite content
(magnetite >> hematite) and numerous carbonate- and Fe-silicate-rich bands. This sequence correlates with RC3 at the Rose
deposit. This is followed by interlayered magnetite-rich and hematite-rich oxide-facies iron formation (Plate 32A) from ~55 to
110 m (RC2 at Rose deposit). From 110 to 144.3 m, the oxide-facies iron formation occurs as a quartz—specularite schist (Plate
32B, C) with hematite >> magnetite and high Mn-content in places (up to 6.45 wt. % from 112 to 116 m; Carter, 2011c), which
correlates to the lower RC1 member at the Rose Deposit. The base of the Sokoman Formation is marked by 3 m of silicate-
facies iron formation with abundant garnet (Plate 32D, E), which is similar to the basal silicate iron formation recorded at both
the Rose deposit and the Scully deposit.

Mineralization

The proportion of iron-oxides in oxide-facies iron formation at the Duley prospect is highly variable, with magnetite-rich
and hematite-rich iron formation recorded throughout. The mineralization in drillhole DU-10-03 is similar to the central part of
the Rose deposit, with an upper magnetite-rich unit, middle magnetite-hematite unit and lower hematite-rich unit. Although al-
teration is generally weak, moderate to strong alteration is recorded over the upper 10-20 m of the drillcore. Manganese content
is generally high (average 1.43% Mn; Carter, 2011c¢).

Hulstein and Lee (2001) reported on metallurgical testwork carried out in 1958, which reported that the quartz—magnetite
ore may be amenable to magnetic separation. In 2010, 24 composite drillcore samples were sent for SAG Power index (SPI)
and iron recovery testing (TT), which showed that the oxide-facies iron formation is relatively hard (high SPI) and has moderate
iron recovery values (Carter, 2011c).

Assay results from the Duley prospect have shown significant thicknesses of mineralized iron formation, with the highlights
including 31.7% Fe over 150.2 m in drillhole DU-10-02 (92.3 to 250.5 m), 32.3% Fe over 51 m in drillhole DU-10-03 (68 to
119 m) and 33.4% Fe over 44 m in drillhole DU-10-04 (181 to 225 m).

Structure

Geological mapping indicates that the Duley prospect is located in a series of north—south-trending, west-verging synclines
and anticlines (Cotnoir ef al., 2002). At least two generations of folding have been recorded, southeast-trending F, folds with
shallow plunges and south- to southwest-trending F, folds that plunge to the south at 10-28° (Plate 32F), and structural thickening
may have occurred (Cotnoir et al., 2002).

Geophysics

Regional aeromagnetic surveys have shown that the Duley prospect is located in a prominent magnetic high (Figure 33,
Cotnoir et al., 2002), and lies within a magnetic anomaly that continues along strike for >12 km with the Scully deposit to the
north and the Rose deposit to the south. Ground gravity surveys show that the Duley prospect coincides with a moderate gravity
anomaly, consistent with the presence of buried masses of iron formation (Clark and Tshimbalanga, 2006).

Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.
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Plate 32. A) Interlayered magnetite-rich and hematite-rich oxide-facies iron formation, correlating with RC2 at the Rose deposit
(drillhole DU-10-03 @ 84.5 m); B) Quartz—specularite schist correlating with RC1 at the Rose deposit (drillhole DU-10-03 @
131.7 m); C) Photomicrograph of quartz—specularite schist (drillhole DU-10-03 @ 131.7 m, reflected light); D) Basal silicate
iron formation with abundant garnet (drillhole DU-10-03 @ 146.9 m),; E) Photomicrograph of garnet-bearing basal silicate
iron formation (drillhole DU-10-03 @ 147 m, cross-polarized light); F) Probable F, folding in the Sokoman Formation, located
on the eastern limb of the syncline (view looking south).
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Non 43-101 compliant historical estimates based on limited data range from 147.9 to 162 Mt grading 27% Fe (Hulstein
and Lee, 2001).

History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1953: Geological mapping and prospecting (Crouse, 1954)

e 1957: Diamond drilling (29 drillholes, 1492 m) and geological mapping (Mathieson, 1957a)

e 1959: Geological mapping, magnetometer survey (Nicheri, 1959), ground gravity survey (described in Hulstein and Lee,
2001)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1978: Geochemical sampling and ground magnetometer survey (Stubbins, 1978b, c)

e 1980: Ground magnetometer survey on Long Lake (Grant, 1980a, b)

e 1982: Airborne geophysical surveys (radiometrics) (Johnson, 1982)

e 1985: Diamond drilling on Long Lake (2 drillholes, 74 m, Simpson ef al., 1985)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, geological mapping and prospecting, ground gravity survey, regional airborne magnetic surveys,
structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2004: Geological mapping and prospecting (Darch, 2004)

e 2005: Ground gravity survey (Clark and Tshimbalanga, 2006)

e 2010: Diamond drilling (4 drillholes, 867 m, Carter, 2011c)
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7. EMMA LAKE

Alternate Name: Emma Lake Southwest, Lac Virot Property
MODS Showing(s): 023G/03/Fe002
Status: Showing

Structural Basin: n/a

UTM Zone: 19

NTS Area: 23G/03

Northing (NAD27): 5875103
Easting (NAD27): 628766
Latitude: 53.0119

Longitude: -67.0808

Object Located: Drillhole LV-018

Description of Occurrence

The Emma Lake showing is located south of Emma Lake (Figure 34), approximately 13.5 km northwest of Labrador City.
Access to the showing is by helicopter, no roads or trails enter the area.
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Figure 34. A) Geological map of the Emma Lake showing (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2012 exploration programs (Steele, 2013); B) Airborne magnetics (second vertical derivative) showing extent of iron for-
mation (data from Cotnoir et al., 2002).

Geology and Stratigraphy

The basement rocks of the Ashuanipi Complex are dominant in the area to the southwest of Emma Lake (Figure 34), with
the proportion of cover rocks increasing to the northeast (Brown et al., 1991). The basement rocks are predominantly composed
of granulite-facies migmatite, gneiss and granitoid rocks. They are unconformably overlain by the Sokoman Formation iron
formation, which is, in turn, overlain by schists of the Menihek Formation. No Wishart Formation quartzites are recorded in the
Emma Lake area.

The Sokoman Formation was intercepted in 16 of the 18 drillholes in the Emma Lake area (Steele, 2013). It occurs either

as thin (<20 m) thrust sheets interleaved with basement rocks or as thick sequences (>150 m) having sharp to gradational contacts
with the overlying Menihek Formation and underlying basement rocks (Steele, 2013). The iron formation consists of carbon-
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ate-, silicate- and oxide-facies iron formation in varying proportions. However, the stratigraphy of the iron formation is difficult
to determine because of its structural complexity and probable repetition due to thrust stacking and folding.

Mineralization

Oxide-facies iron formation consists primarily of magnetite and quartz, and lesser coarse-grained specular hematite. Oxide-
facies iron formation is commonly interbedded with silicate- and carbonate-facies iron formation. Intervals of ore-grade (>30%
Fe) oxide-facies iron formation are generally <10 m thick, but thicker sequences up to 36 m have been recorded in some drillholes
(e.g., LV-012, LV-024, LV-025, LV-028).

There is no published metallurgical testwork available from the Emma Lake showing.

The best assay results correspond to the thickest oxide-facies intervals in drillholes LV-012 (28.6% Fe over 27.7 m at 303.2
m depth), LV-024 (30.6% Fe over 35.9 m at 286 m depth), LV-025 (30.2% Fe over 21 m at 117 m depth) and LV-028 (31.4%
Fe over 29.9 m at 146.9 m depth).

Structure

The structural geology of the Emma Lake area is complex and has been described in detail by Brown ef al. (1991) and van
Gool (1992). The basement and cover rocks form an imbricated stack of fold nappes, which repeat the stratigraphy several
times. Two generations of thrusting have been recorded and consist of regular-sequence thrusts that developed under ductile
conditions resulting in the thrusting of basement rocks over cover rocks, and out of sequence thrusts that occurred under brit-
tle-ductile conditions and were responsible for the thrusting of cover rocks over the basement (Brown ef al., 1991; van Gool,
1992).

Geophysics

The Emma Lake showing coincides with a prominent aeromagnetic anomaly (Figure 34; Cotnoir ef al., 2002; Coates et al.,
2011). Ground gravity surveys have also recognized a large gravity anomaly south of Emma Lake (Steele, 2012).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1953: Geological mapping (Jackson, 1954)

e 1957: Geological mapping and prospecting (Jury, 1957)

e 1979: Prospecting (Grant, 1979b)

*  1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

e 1985: Ground radiometric survey (Simpson et al., 1985)

e 2001: Regional airborne magnetic surveys (Cotnoir et al., 2002)

e 2011: Airborne magnetic, radiometric and VLF-EM survey, geological mapping and prospecting (Coates et al., 2011)
e 2012: Airborne gravity gradiometer survey (Steele, 2012), diamond drilling (18 drillholes, 5978.7 m, Steele, 2013)
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8. FLATROCK LAKE

Alternate Name: Bruce Lake
MODS Showing(s): 023G/02/Fe026
Status: Showing

Structural Basin: n/a

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5898808
Easting (NAD27): 642953
Latitude: 53.2213

Longitude: -66.8588

Object Located: Drillhole 10LB0015

Description of Occurrence

The Flatrock Lake showing is located to the south of Flatrock Lake (Figure 35), approximately 32 km north of Labrador

City, and is accessible by helicopter or float plane.

Geology and Stratigraphy

The geology of the Flatrock Lake/Bruce Lake area is predominantly a thin (<200 m) package of cover rocks that overlie
Archean basement rocks of the Ashuanipi Complex (van Gool et al., 2008). Geological mapping in the area has shown that the

- Menihek Formation - Ashuanipi Complex

- Sokoman Formation (undifferenciated) @ 2010 drillhole collar (Rio Tinto) 0_1:
D Wishart Formation @ 2011 drillhole collars (Rio Tinto) km

|:| Le Fer Formation

Figure 35. 4) Geological map of the Flatrock Lake area (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2010 and 2011 drilling programs (Hovis and Goldner, 2011b, 2012); B) Airborne magnetics (second vertical derivative)

showing extent of iron formation (data from Cotnoir et al., 2002).
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cover rocks consist of Sokoman Formation (primarily of carbonate- and oxide-facies iron formation; van Gool et al., 1987),
which is stratigraphically overlain by fine-grained phyllite of the Menihek Formation.

Diamond drilling in the area south of Flatrock Lake targeted coincident gravity and magnetic anomalies (Hovis and Goldner,
2011b, 2012). Although all drillholes intercepted iron formation, the oxide-facies iron formation was shown to be relatively
thin and anastomosing in nature (Hovis and Goldner, 2012), with maximum thicknesses of 25 m at 30.7% Fe (drillhole
10LB0013) and 22.4 m at 32.9% Fe (drillhole 10LB0015). The Sokoman Formation is structurally underlain by Menihek
Formation graphitic schists indicating that the sequence was overturned, and oxide-facies iron formation occur close to the con-
tact between the Sokoman and Menihek formations.

Mineralization

The Sokoman Formation is banded on a cm to m scale, and contacts between oxide- and carbonate-facies are generally
gradational. The oxide-facies iron formation consists primarily of iron oxides (hematite, magnetite), quartz and carbonate and
minor iron silicates and Mn carbonates. Magnetite and hematite generally make up 30—40% of the oxide facies, and when mag-
netite content is high, hematite content is generally low, and vice versa. The carbonate-facies iron formation consists predomi-
nantly of iron carbonates and quartz, with lesser magnetite, hematite, iron-silicates and garnet. Cm-scale siderite porphyoblasts
are common in the carbonate bands.

There is no published metallurgical testwork available from the Flatrock Lake showing.

The best assay results are from drillhole 10LB0013 (30.7% Fe over 24 m at 25.5 m depth) and drillhole 10LB0015 (32.9%
Fe over 22.5 m at 121 m depth).

Structure

The Flatrock Lake and Bruce Lake areas occur within the Flatrock Lake Thrust Sheet, and the structure of the area has
been described in detail by van Gool (1992) and van Gool ef al. (2008). The Flatrock Lake Thrust Sheet consists of a stack of
thin thrust slices that repeat the stratigraphy (van Gool, 1992). These thrust slices interleave with thin sheets of basement rocks,
and are strongly folded with common fold nappes. Diamond drilling indicates that the cover rocks are commonly overturned.

Geophysics

Regional airborne magnetic surveys (Cotnoir et al., 2002) have shown a large magnetic anomaly to the south of Flatrock
Lake (Figure 35), and geological mapping has shown that this anomaly coincides with abundant iron formation.

Ground gravity surveys have identified a significant gravity anomaly south of Flatrock Lake targeted by a number of dia-
mond-drill holes (Hovis and Goldner, 2012). These drillholes failed to intercept significant oxide mineralization, and the reason
for this gravity anomaly is unexplained.

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1956: Geological mapping and prospecting (Eckstrand, 1956)

e 1959: Geological mapping (Love, 1959)

e 1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982) ground geophysics, geological mapping
and prospecting (Simpson and Bird, 1982)

e 2001: Regional airborne magnetic surveys (Cotnoir et al., 2002)

e 2008: Geological mapping and prospecting, gravity surveys (Reynolds and Mitchell, 2008)
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2009: Geological mapping and prospecting (Downing, 2010)

2010: Diamond drilling (3 drillholes, 415 m), geological mapping and prospecting, ground gravity survey (Hovis and
Goldner, 2011b)

2011: Diamond drilling (1 drillhole, 357 m), geological mapping and prospecting, ground gravity survey (Hovis and Goldner,
2012), magnetic and electromagnetic airborne survey (Smith ef al., 2012)

2012: Airborne gravity gradiometer survey (Suave et al., 2012)

2013: Mineralogical testwork (Sauve, 2014)
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9. GOETHITE BAY

Alternate Name: Gregory River Northeast, Goethite Bay North, Geothite Bay
MODS Showing(s): 023G/02/Fe015, 023G/02/Fe016, 023G/ 02/Fe041
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5896291

Easting (NAD27): 651250

Latitude: 53.1943

Longitude: -66.7366

Object Located: Drillhole 12LB0055

Description of Occurrence

The Goethite Bay prospect is located between Goethite Bay to the east and Gregory Lake to the west (Figure 36), approx-
imately 30 km north of Labrador City. Access to the area is by helicopter, or by boat from Goethite Bay.

Geology and Stratigraphy

The Goethite Bay area is dominated by the Sokoman Formation (Figure 36), which stratigraphically overlies quartzite of
the Wishart Formation. Outcrops of Shabogamo Gabbro are located to the north and east of the prospect, and are believed to

Le Fer Formation

- Shabogamo Gabbro - Ashuanipi Complex N
- Sokoman Formation (oxide facies) @ 2010 drillhole collars (Rio Tinto) 0 1 2
D Sokoman Formation (non-oxide facies) @ 2011 drillhole collars (Rio Tinto) _km:|

I:l Wishart Formation @ 2012 drillhole collars (Rio Tinto)

[]

Figure 36. A) Geological map of the Goethite Bay area (adapted from Cotnoir et al., 2002), showing location of drillholes from
2010, 2011 and 2012 drilling programs (Hovis and Goldner, 2011b; 2012; Goldner et al., 2013); B) Airborne magnetics (second
vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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have intruded the lower part of the Sokoman Formation and the Wishart Formation. The northern boundary of the prospect is
marked by a thrust fault, which separates cover rocks of the Kaniapiskau Supergroup to the south from quartzofeldspathic
gneisses to the north. The gneisses were originally mapped as part of the Le Fer Formation (Rivers and Massey, 1985), but were
reinterpreted as representing basement rocks of the Ashuanipi Complex by van Gool (1992).

There has been extensive diamond drilling in the Goethite Bay area (17 drillholes, 3918 m; Hovis and Goldner, 2011b,
2012; Goldner et al., 2013), and all drillholes have intersected Sokoman Formation iron formation. However, stratigraphic cor-
relations between the drillholes are difficult due to moderate to strong alteration and structural complexity. All facies of the
Sokoman Formation (oxide, silicate and carbonate) have been recognized, but the carbonate and silicate minerals are commonly
altered and replaced with abundant secondary goethite. Within diamond-drill holes that intersect Wishart Formation quartzites,
the lower 50—100 m of the iron formation is dominantly goethite-rich iron formation, and interpreted as strongly altered car-
bonate- and silicate-facies iron formation (LIF).

Mineralization

The oxide-facies iron formation is commonly strongly to moderately altered, with hematite >> magnetite and abundant
secondary goethite. Weakly altered oxide-facies iron formation, intersected in drillhole 11LB0038 from the northern portion
of the Goethite Bay prospect, occur as well-banded material having hematite- and magnetite-rich members. Manganese con-
centration is generally low (<0.2 % Mn), but occurrences of secondary pyrolusite associated with altered iron formation are as-
sociated with higher Mn concentrations in places (up to 1% Mn; Hovis and Goldner, 2011b, 2012; Goldner et al., 2013).

Metallurgical test results from composite drillcore samples show that a moderate- to high-grade concentrate can be achieved
by Heavy Liquid Separation and Davis Tube Recovery, but weight and iron recoveries were low (Goldner ez al., 2013). However,
these data are only preliminary, and may not be representative of the entire prospect.

Assay data from diamond-drill holes show significant thicknesses of oxide-facies iron formation in some areas. Highlights
include 31.9% Fe over 157.3 m at 56.3 m depth (drillhole 11LB0027); 32.76% Fe over 70.2 m at 11.1 m depth (drillhole
12L.B0048); 30.0% Fe over 191 m at 56.9 m depth (drillhole 12LB0045), and 30.3% Fe over 71.1 m at 42.9 m depth (drillhole
12LB0055). However, these iron contents are due, in part, to enrichment in goethite in altered oxide-facies iron formation.

Structure

Structural interpretations of the Goethite Bay prospect are hampered because of its structural complexity, strong alteration
encountered in many drillholes, and the lack of recognizable marker horizons. However, Goldner et al. (2013) reported abundant
micro and macro folding in drillcore, suggesting that the Sokoman Formation was intensely folded. In addition, van Gool (1992)
indicated that the Goethite Bay prospect was located in an imbricated thrust sheet, with multiple interleaved sequences of

Sokoman and Wishart formations.

Late-stage alteration in the Goethite Bay area is likely associated with meteoric fluid flow along northwest-trending faults,
with a similar orientation to the Julienne Lake Fault Zone, located ~5 km southeast of the Goethite Bay prospect.

Geophysics

The Goethite Bay area is characterized by a strong magnetic response on regional airborne magnetic surveys (Figure 36;
Cotnoir ef al., 2002). This response corresponds to the presence of oxide-facies iron formation in outcrop and in diamond-drill
holes. Areas with lower magnetic responses may correspond to non-oxide iron formation or altered-oxide iron formation where

magnetite has been replaced by hematite.

Ground gravity surveys have identified a number of anomalies in the Goethite Bay area that have been tested by diamond
drilling and were shown not to correspond with oxide-facies iron formation (Hovis and Goldner, 2011b, 2012).

Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.
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1950:
1952:
1953:
1959:
1960:
1979:
1982:
1982)
2001:
2008:
2009:

History of Exploration

Geological mapping (Neal, 1951)

Geological mapping and prospecting (Beemer, 1952)

Geological mapping and prospecting (Almond, 1953)

Gravity survey (Grimaldi, 1959b)

Diamond drilling (4 drillholes, 117 m, Bruneau, 1960)

Ground magnetometer survey and prospecting (Price, 1979c); prospecting (Grant, 1979c¢)

Soil geochemistry (Simpson and Bird, 1982), airborne geophysical surveys (EM, magnetics, radiometrics, Johnson,

Regional airborne magnetic surveys (Cotnoir et al., 2002)
Geological mapping and prospecting, gravity surveys (Reynolds and Mitchell, 2008)
Geological mapping and prospecting (Downing, 2010)

2010: Diamond drilling (4 drillholes, 524 m), geological mapping and prospecting, ground gravity survey (Hovis and
Goldner, 2011b)

2011:

Diamond drilling (8 drillholes, 2276 m, Hovis and Goldner, 2012), magnetic and electromagnetic airborne survey

(Smith et al., 2012)

2012:

Diamond drilling (5 drillholes, 1118 m), LiDAR survey, preliminary metallurgical testwork (Goldner ef al., 2013);

Airborne gravity gradiometer survey (Sauve et al., 2012)

2013:

Mineralogical testwork (Sauve, 2014)
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10. GOETHITE BAY NORTH

Alternate Name: Birch Hill
MODS Showing(s): n/a
Status: Showing

Structural Basin: Carol
UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5898086
Easting (NAD27): 655898
Latitude: 53.2106
Longitude: -66.6656

Object Located: Drillhole 10LB0011

Description of Occurrence
The Goethite Bay North showing is located between Goethite Bay and Northwest Arm (Figure 37), to the north of Julienne
Lake and approximately 35 km north-northeast of Labrador City. Access to the area is by helicopter, or by boat from Goethite
Bay or Northwest Arm.

Geology and Stratigraphy

The Goethite Bay North area is similar to the Goethite Bay area to the southwest, with common outcrops of carbonate- and
oxide-facies Sokoman Formation iron formation in the vicinity of the occurrence, and outcrops of Shabogamo Gabbro located

o Goethite

B shabogamo Gabbro [] Wishart Formation N
- Menihek Formation - Ashuanipi Complex 0_1:f
] sokoman Formation (oxide facies) @ 2010 drillhole collar (Rio Tinto) km

D Sokoman Formation (non-oxide facies)

Figure 37. A) Geological map of the Goethite Bay North area (adapted from Cotnoir et al., 2002), showing location of drillhole
10LB0011 from 2010 drilling program (Hovis and Broadbent, 2010),; B) Airborne magnetics (second vertical derivative) showing
extent of iron formation (data from Cotnoir et al., 2002).
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to the south of the main occurrence. The Sokoman Formation is stratigraphically underlain by the Wishart Formation, which
outcrops on the western shores of Goethite Bay. The northern boundary of the showing is marked by a thrust fault separating
rocks of the Kaniapiskau Supergroup form the underlying basement rocks of the Ashuanipi Complex.

The stratigraphy of the Sokoman Formation in the area is poorly understood, and information on the distribution of
oxide-, silicate- and carbonate-facies iron formation is based on a single diamond-drillhole core (Hovis and Broadbent, 2010).
From 11 to 96.33 m, the drillhole intersected mixed silicate- and oxide-facies iron formation, with oxide-facies iron formation
dominant from 12.76 to 44.77 m and silicate-facies iron formation the dominant lithology in the rest of the interval. This may
represent the UIF recorded in the Carol Lake area (Muwais, 1974). This is followed by oxide-facies iron formation to 163.56
m interpreted to represent the MIF. From 163.65 to 201 m (EOH) carbonate-facies iron formation predominates, which may
represent the LIF of Muwais (1974). These interpretations assume that the sequence is not folded or repeated by thrusting.

Mineralization

The oxide-facies iron formation is generally lean, with <40% iron oxides (drillhole 10LB0011; Hovis and Broadbent, 2010).
The upper sequence of oxide-facies iron is magnetite dominated, with only minor hematite, whereas the lower sequence has
~20% hematite and ~10% magnetite (Hovis and Broadbent, 2010).

There is no published metallurgical testwork available from the Goethite Bay North showing.

Iron grades are generally <30% Fe, with the best intersections from 18.5 to 28 m (28% Fe over 9.5 m) and from 122.5 to
160 m (27.5% Fe over 37.5 m) in drillhole 10LB0O011.

Structure

Although there have not been any detailed structural studies at the Goethite Bay North showing itself, regional-scale map-
ping studies (van Gool, 1992) indicate that the area between Goethite Bay and Northwest Arm is located in the Goethite Bay
thrust sheet, and likely has had a similar structural history as the nearby Goethite Bay prospect. However, the iron formation at
the showing is generally unaltered, indicating that late-stage fluid infiltration along northwest-trending faults was not important
in this area.

Geophysics

The area between Goethite Bay and Northwest Arm is characterized by a strong magnetic high on regional magnetic data
(Figure 37), which corresponds to the mapped oxide-facies iron formation. Drillhole 10LB0011 targeted a gravity anomaly on
the property, which was identified during fieldwork in 2008. However, no rocks thought to be capable of generating a gravity
high were intersected in this drillcore (Hovis and Broadbent, 2010).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1952: Geological mapping and prospecting (Beemer, 1952)

e 1953: Geological mapping and prospecting (Almond, 1953)

e 1956: Geological mapping and magnetometer survey (MacDermott, 1958)

e 1959: Gravity survey (Grimaldi, 1959b)

e 1982: Airborne geophysical surveys (EM, magnetics, radiometrics; Johnson, 1982)

e 2001: Regional airborne magnetic surveys (Cotnoir et al., 2002)

e 2008: Geological mapping and prospecting, gravity surveys (Reynolds and Mitchell, 2008)
e 2009: Prospecting (Downing, 2009)

e 2010: Diamond drilling (1 drillhole, 201 m), prospecting (Hovis and Broadbent, 2010)
e 2011: Magnetic and electromagnetic airborne survey (Smith ef al., 2012)

e 2012: Airborne gravity gradiometer survey (Sauve et al., 2012)
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11. GREEN WATER LAKE

Alternate Name: Sudbury No. 1, Sudbury No. 2, Sudbury Lake West No. 2
MODS Showing(s): 023B/14/Fe003, 023B/14/Fe004, 023B/ 14/Fe017
Status: Showing

Structural Basin: n/a

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5861869

Easting (NAD27): 617795

Latitude: 52.8954

Longitude: -67.2490

Object Located: Drillhole 12.B0052

Description of Occurrence

The Green Water Lake showing is located along the shores of Green Water Lake (Figure 38), approximately 24 km west of
Labrador City. There are no roads in the area, and access is via helicopter. The Green Water Lake showing encompasses outcrops
of iron formation to the east of Green Water Lake (previously referred to as Sudbury No. 1) and to the northwest of Green Water
Lake (previously referred to as Sudbury No. 2). Regional acromagnetic studies indicate that all outcrops represent a continuous
band of iron formation that continues along the northern shore of Green Water Lake (Figure 38).

Geology and Stratigraphy

The Sokoman Formation iron formation occurs along the northern and eastern shores of Green Water Lake (Figure 38).
The northern extent of the iron formation is thought to be in thrust contact with the Ashuanipi Complex, whereas there is a
thin sequence of Wishart Formation mapped at the base of the Sokoman Formation to the east of Green Water Lake (Figure
38). Le Fer Formation schists occur to the south of Green Water Lake (Figure 38); potentially occurring in conformable contact
with the overlying Sokoman Formation. However, given the relatively sparse outcrop and lack of drillhole data from below
the iron formation, the presence of a thin sequence of Wishart Formation between the Sokoman and Le Fer formations cannot
be discounted.

Q 67°18' Wi

- Sokoman Formation (oxide facies) - Ashuanipi Complex N
D Sokoman Formation (non-oxide facies) @ 2012 drillhole collar (Rio Tinto) 0_1:$

(] wishart Formation ."’. Provincial boundary km

D Le Fer Formation

Figure 38. A) Geological map of the Green Water Lake showing (adapted from Cotnoir et al., 2002), showing location of
drillhole from 2012 exploration program (Goldner et al., 2013),; B) Airborne magnetics (second vertical derivative) showing
extent of iron formation (data from Cotnoir et al., 2002).
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Geological mapping and prospecting in the Green Water Lake area have identified oxide- and silicate-facies iron formation.
Information on the stratigraphy of the Sokoman Formation in the area is restricted to data from a single diamond-drill hole
located to the east of Green Water Lake (Goldner ef al., 2013). This drillhole intersected two intervals of iron formation separated
by intervals of micaceous schist. The upper and lower part of the iron formation predominantly consists of silicate-facies iron
formation, with minor carbonate-facies iron formation. Oxide-facies iron formation (up to 40 m thick) is concentrated near the
middle of the iron formation.

Mineralization

Oxide-facies iron formation predominantly consists of quartz—carbonate—-magnetite, with some thin quartz—hematite—martite
units (Goldner et al., 2013).

There is no published metallurgical testwork available from the Green Water Lake showing.
Assay results from drillhole 12LB0052 include 30.4% Fe over 18 m (from 97 m) and 27.9% Fe over 40.5 m (from 227.5 m).
Structure

The Green Water Lake showing is interpreted to be hosted within a syncline, with a northeast-trending overturned fold axis
refolded about a later northwest-trending fold plane (Hulstein and Lee, 2001). No major faults have been recorded during geo-
logical mapping or diamond drilling (Hulstein and Lee, 2001).

Geophysics

Regional acromagnetic surveys show that the Green Water Lake showing is located within a strong magnetic high, which
continues for over 6 km along the eastern and northern shores of Green Water Lake (Cotnoir ef al., 2002; Figure 38). This mag-
netic high likely corresponds to magnetite-rich oxide-facies iron formation. Ground gravity surveys show that a moderate gravity
high is located close to the eastern shore of Green Water Lake (Reynolds and Mitchell, 2008; Hovis and Goldner, 2011b).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates based on limited data of 1.85 Mt at 33% Fe and 8.3 Mt at 32% Fe were reported
from the Sudbury No. 1 and Sudbury No. 2 occurrences by Hulstein and Lee (2001). However, the presence of iron formation
between these two deposits indicates there is potential for greater tonnages at similar or better grades on the property (Hulstein
and Lee, 2001).

History of Exploration

e 1953: Geological mapping and prospecting (Jackson, 1954)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1979: Ground magnetometer survey and prospecting (Price, 1979d)

e 1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982), prospecting (Simpson and Bird, 1982)

e 1985: Diamond drilling (2 drillholes, 19.8 m, Simpson et al., 1985)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2002: Geological mapping and prospecting (Darch and Clark, 2003)

*  2008: Geological mapping and prospecting, gravity surveys (Reynolds and Mitchell, 2008; Downing and Mitchell, 2009b)

e 2010: Geological mapping and prospecting, gravity surveys (Hovis and Goldner, 2011b, c)

e 2011: Magnetic and electromagnetic airborne survey (Smith et al., 2012)

e 2012: Diamond drilling (1 drillhole, 367.9 m, Goldner et al., 2013), airborne gravity gradiometer survey (Suave et al.,
2012)
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12. HUGUETTE LAKE

Alternate Name: Huguette 1, Huguette Lake Southeast, Huguette Lake East, Huguette Lake Northeast
MODS Showing(s): 023B/14/Fe011; 023B/14/Fe012; 023B/ 14/Fe013

Status: Showing

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5860307
Easting (NAD27): 626505

Latitude: 52.8774

Longitude: -67.1204

Object Located: Drillhole 10LB0017

Description of Occurrence

The Huguette Lake showing refers to large area of Sokoman Formation iron formation that outcrops to the east of Huguette
Lake and to the northwest of the TLH (Figure 39). It is located approximately 15 km southwest of Labrador City, and access is
via the TLH and a minor road that crosses the southern boundary of the showing (Figure 39).
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Figure 39. A) Geological map of the Huguette Lake showing (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2010 and 2011 exploration programs (Hovis and Goldner, 2011b; Wallace, 2012b); B) Airborne magnetics (second vertical
derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Huguette Lake showing is composed of a series of anticlines and synclines cored by the Sokoman Formation iron for-
mation, which is underlain by Wishart and Le Fer formations. The Sokoman Formation is intruded by sills of Shabogamo Gabbro.

Outcrop in the area is poor, and the Sokoman Formation occurs primarily as silicate-facies iron formation, possibly after
metamorphism of carbonate-facies iron formation. Given the stratigraphic position of the silicate-facies iron formation imme-
diately above Wishart Formation quartzites, it is interpreted as the LIF. However, drillhole HL-11-05 intersected 3 m of graphitic
schist, which may represent Menihek Formation infolded with UIF. Although oxide facies of the MIF outcrops sporadically on
the property, diamond drilling did not intercept significant thickness of this facies (Hovis and Goldner, 2011b; Wallace, 2012b).

Mineralization

Oxide minerals, predominantly magnetite, occur mainly in silicate-facies iron formation, where they form thin (0.2 to 2
cm) bands interbedded with acicular silicates and minor quartz.

There is no published metallurgical testwork available from the Huguette Lake showing.

Due to the presence of fibrous amphiboles in IOC drillholes, assay results were only returned from the single Rio Tinto
drillhole (10LB0017). Highlights include 27.1% Fe over 12 m (from 12.4 to 24.4 m), but this includes iron in both oxide and
silicate minerals, and total magnetite content does not exceed 12.4% (Hovis and Goldner, 2011b).

Structure

There is little information on the structural geology of the Huguette Lake property. Interpretations from regional geology
mapping programs indicate that the Sokoman Formation is located in a series of northeast-southwest-trending, northwest-
verging synclines, which plunge to the northeast.

Geophysics

Regional airborne magnetic surveys (Cotnoir et al., 2002) show that the Huguette Lake showing is coincident with a strong
linear magnetic anomaly, which is up to 1 km wide and has a strike length of >5 km (Figure 39). The strong magnetic signature
is attributed to the presence of numerous thin (<10 cm) bands of magnetite in the silicate-facies iron formation. Ground gravity
data are available in Hovis and Goldner (2011b), but no interpretation is presented.

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1953: Geological mapping and prospecting (Jackson, 1954)

e 1957: Geological mapping and prospecting (Mathieson, 1957a)

e 1960: Geological mapping and prospecting, magnetic and gravity surveys (Love, 1961)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1979: Ground magnetometer survey (Price, 1979¢)

*  1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Regional airborne magnetic surveys, structural/ stratigraphic interpretation (Cotnoir et al., 2002)
e 2009: Geological mapping and prospecting (Downing, 2010)

e 2010: Diamond drilling (1 drillhole, 150.3 m), ground gravity survey (Hovis and Goldner, 2011b)
e 2011: Diamond drilling (2 drillholes, 312.5 m), aerial photography survey (Wallace, 2012b)

e 2012: Airborne gravity gradiometer survey (Suave et al., 2012)
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13. HUMPHREY

Alternate Name: Humphrey Mine, Humphrey Main, Humphrey North, Humphrey South, Lorraine North, Lorraine South,
Sherwood, Spooks, Carol East, Carol West, Wabush Signal, Lorraine No. 1, Lorraine No. 2, Lorraine No. 3
MODS Showing(s): 023G/02/Fe002, 023G/02/Fe003, 023G/ 02/Fe004,

Status: Producer

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5878834

Easting (NAD27): 637280

Latitude: 53.0433

Longitude: -66.9523

Object Located: Approximate centre of Humphrey Main pit

Description of Occurrence

The Humphrey deposit is located in IOC’s Carol Lake
Mine area, between Lorraine Lake in the northeast and Carol
Lake in the southwest (Figure 40) and approximately 12 km
north of Labrador City. Access to the deposit is via a series of
mine roads that extend north from the IOC concentrator and
pellet plant.

The deposit consists of a continuous band, or bands, of
iron formation, which can be traced along strike for more than
7 km (Figure 41) and encompasses five active pits (Humphrey
Main (Plate 33A), Humphrey North, Humphrey South,
Lorraine South and Sherwood) and two dormant pits (Lorraine
North and Spooks, Figure 40). These pits are herein grouped
together based on similarities in stratigraphy, mineralization
and structure across the deposit.

Geology and Stratigraphy

e
~
~
o}

The geology of the Humphrey deposit consists of a folded
sequence of Kaniapiskau Supergroup metasedimentary rocks
(Figure 41). Le Fer Formation quartz—feldspar—biotite gneiss
is located at the base of the sequence and is overlain by Wishart
Formation quartzite. The Sokoman Formation occurs strati-
graphically above the Wishart Formation, and Menihek
Formation graphitic schist has been recorded in the core of syn-
clines. Shabogamo Gabbro sills intrude the Sokoman
Formation.

At the deposit, the stratigraphy of the Sokoman Formation
has been described in detail by Muwais (1974), who subdi-
vided the iron formation into three members: Lower Iron
Formation (LIF), Middle Iron Formation (MIF) and Upper Iron
Formation (UIF), each of which was further subdivided into a
number of sub-members. The LIF is primarily composed of
carbonate-facies iron formation, with lesser silicate and oxide Figure 40. Aerial photograph of the Humphrey deposit,
facies. The MIF, predominantly composed of oxide-facies iron  showing location of the active and dormant pits discussed in
formation, has been subdivided into four sub-members based text (image courtesy of I0C).
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Figure 41. A) Geological map of the Humphrey deposit showing location of active and dormant pits discussed in text and of
former Smallwood mine (adapted from Cotnoir et al., 2002); B) Airborne magnetics (second vertical derivative) showing extent
of iron formation (data from Cotnoir et al., 2002).

on variations in the ratios of magnetite and hematite (Muwais, 1974). The UIF is predominantly composed of carbonate- and
silicate-facies iron formation (Plate 33B), with rare oxide-facies bands.

Mineralization

Oxide-facies iron formation consists of magnetite, hematite and gangue quartz, carbonates and minor Fe-silicates (antho-
phyllite). The proportion of magnetite and hematite is variable, with most samples containing magnetite and hematite in variable
proportions (Plate 34). However, there is a general vertical zonation observed in the MIF. The lowest sub-member is magnetite
rich (Plate 33C, D), and is overlain by two hematite-rich sub-members (Plate 33E, F; Muwais, 1974). A thin magnetite-rich
sub-member is recorded at the top of the MIF (Muwais, 1974).

Although the oxide-facies iron formation is typically fresh to weakly altered, localized zones of strong alteration are recorded
throughout the deposit (e.g., at the north end of the Sherwood Pit and at the southern end of the Humphrey South pit (Magy
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Plate 33. 4) View of the Humphrey Main pit, looking north from observation point; B) Silicate-facies iron formation; C)
Magnetite-rich oxide-facies iron formation with gangue carbonate and quartz (drillhole SW-10-69 @, 48.5 m),; D) Oxide-facies
iron formation, with medium- to coarse-grained magnetite and hematite and cream-coloured carbonate (drillhole SP-11-27 @,
77 m); E) Oxide-facies iron formation, with coarse-grained specular hematite and quartz-filling vug; F) Hematite-rich oxide-

facies iron formation with gangue quartz (jasper) (drillhole HW-10-45 @ 13.3 m).
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Plate 34. A) Photomicrograph of specular hematite and magnetite replacing possible ooliths in parent iron formation (drillhole
HS-10-72 @ 218 m, reflected light); B) Photomicrograph of co-existing euhedral to subhedral hematite and magnetite (drillhole
HS-10-72 @ 218 m, reflected light); C) Oxide-facies iron formation, with disseminated magnetite (light grey) and hematite (pink
grey) and gangue quartz (drillhole LO-10-04 @ 60.3 m); D) Same view as (C), in cross-polarized light.

Pit)). The alteration consists of abundant secondary goethite leaching carbonate and silica. Alteration is associated with broken
ground (faulting) and is attributed to groundwater flow along permeable fault zones. Altered material was previously considered
waste material, but recent work has shown that this this material can be effectively processed at IOC’s concentrator (Iron Ore
Company of Canada, 2017, 2018).

Ore from the Humphrey deposit is processed at IOC’s concentrator and pellet plant. The bulk ore characteristics, including
RMI determination, minus 200 mesh weight fraction and iron weight recovery values, were documented by Cotnoir et al. (2002).
Crushed ore is conveyed to the concentrator, where it is ground and upgraded to 65—67% Fe in the spiral, magnetite and hematite
plants.

Structure
The dominant structural trends in the Humphrey deposit are controlled by a series of northeast-trending F, folds (Hulstein
and Lee, 2001), which form overturned synclines with thin limbs and thickened fold hinges. These F, folds refold earlier F,

folds, and the interference of F, and F, folds is responsible for repetition of the ore horizons resulting in significant structural
thickening (Cotnoir et al., 2002).
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The presence of north—south-trending shear zones and normal faults is associated with alteration of the iron formation due
to the ingress of groundwater along permeable structures. Such shear zones have been recorded at the north end of the Sherwood
Pit and at the southern end of the Humphrey South pit (Magy Pit).

Geophysics

The Humphrey deposit is associated with a strong magnetic anomaly (Figure 41) on regional acromagnetic surveys (Cotnoir
et al., 2002), which is associated with the high magnetite content of the lower section of the MIF.

Resource and/or Reserves
NI 43-101 compliant reserves, Iron Ore Company of Canada, 2014.

*  Humphrey Main

o Proven reserves: 248 Mt at 39% Fe

o Probable reserves: 253 Mt at 38% Fe
*  Humphrey South

o Proven reserves: 205 Mt at 39% Fe

o Probable reserves: 89 Mt at 38% Fe
e Lorraine South

o Proven reserves: 33 Mt at 38% Fe

o Probable reserves: 2 Mt at 36% Fe
e Spooks

o Proven reserves: 15 Mt at 43% Fe

o Probable reserves: 3 Mt at 44% Fe

NI 43-101 compliant resource, Iron Ore Company of Canada, 2014. Mineral resources exclude Mineral reserves.

*  Humphrey Main
o  Measured resources: 65 Mt at 41% Fe
o Indicated resources: 317 Mt at 39% Fe
o Inferred resources: 191 Mt at 37% Fe
e Humphrey South
o  Measured resources: 65 Mt at 40% Fe
o Indicated resources: 70 Mt at 40% Fe
o Inferred resources: 125 Mt at 38% Fe
e Spooks
o  Measured resources: 18 Mt at 39% Fe
o Indicated resources: 73 Mt at 43% Fe
o Inferred resources: 19 Mt at 41% Fe

History of Exploration

e 1949: Regional geological mapping, bulk sample (Neal, 1950a)

e 1950: Prospecting and metallurgical testwork (Neal, 1950b), geological mapping (Neal, 1951)

e 1956: Geological mapping, diamond drilling, bulk sample (Mathieson, 1957b)

e 1957: Geological mapping and sampling (Malchelosse, 1957)

e 1958 to 1964: Exploration activity, development of pilot plant and construction of mine facilities

e 1964: Production begins at Humphrey deposit (Humphrey Mine)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1974: Stratigraphic study of Humphrey deposit (Muwais, 1974)

e 2000: Structural synthesis (Hulstein and Lee, 2001)

e 2001: Regional airborne magnetic surveys, structural/ stratigraphic interpretation (Cotnoir et al., 2002)
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14. IRONSTONE

Alternate Name: Throne Lake, Ironstone River
MODS Showing(s): 023B/14/Fe018
Status: Showing

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5867603
Easting (NAD27): 631895
Latitude: 52.9438

Longitude: -67.0371

Object Located: Drillhole KN-10-15

Description of Occurrence
The Ironstone showing refers to a narrow band of Sokoman Formation that stretches from Dispute Lake in the north to the
Walsh River in the south (Figure 42). It is located approximately 8 km east of Labrador City. There are no roads on the property
and access is via small trails or by helicopter.

Geology and Stratigraphy

The Ironstone property geology is dominated by Sokoman Formation iron formation, which has been intruded by a series
of Shabogamo Gabbro sills, occurring both above and below the MIF (Carter, 2011d). Le Fer Formation schists occur in probable

67°‘2' w
9 | Dispute
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- Shabogamo Gabbro I:l Le Fer Formation N
- Sokoman Formation (oxide facies) - Ashuanipi Complex 0 500 1000
D Sokoman Formation (non-oxide facies) @ 2010 drillhole collars (I0C) m

Figure 42. A) Geological map of the Ironstone showing (adapted from Cotnoir et al., 2002), showing location of drillholes from
2010 exploration program (Carter, 2011d); B) Airborne magnetics (second vertical derivative) showing extent of iron formation
(data from Cotnoir et al., 2002).
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conformable contact to the west with the overlying Sokoman Formation (Figure 42). However, due to the relatively sparse out-
crop and lack of drillhole data from below the iron formation, the presence of a thin sequence of Wishart Formation between
the Sokoman and Le Fer formations cannot be discounted.

Drillhole logs indicate that the Sokoman Formation is mainly composed of silicate-facies iron formation (possibly after
metamorphism of carbonate-facies iron formation), with thin (generally <5 m) intervals of oxide-facies iron formation (Carter,
2011d). This is interpreted as the LIF, although this interpretation is only preliminary, given the lack of observed contacts with
underling or overlying formations and the intense structural deformation. Significant thicknesses of oxide-facies (>5 m) were
only recorded at the top of drillhole KN-10-15, and this may represent the base of the MIF (Carter, 2011d).

Mineralization

The oxide-facies iron formation consists predominantly of fine-grained magnetite and quartz, and minor iron silicates
(Carter, 2011d). Assay data show Mn contents of <1%.

Two composite samples were chosen from the best intersections and sent for SAG Power index (SPI) and iron recovery
testing (TT), which showed that the oxide-facies iron formation is realtively hard with moderate iron recoveries (Carter, 2011d).

Only eight samples were collected for assay from the 2010 drilling program, with the best results returned from the top of
drillhole KN-10-15, with 9 m grading 36.5% Fe (from 8 to 17 m).

Structure

Structural deformation in the area is intense, with multiple generations of folding evident. Early northwest—southeast-
orientated isoclinal folds (F,) have been refolded by a later event, resulting in broad open F2 folds and the creation of dome and
basin interference structures (Carter, 2011d).

Geophysics

Regional airborne magnetic surveys (Cotnoir ef al., 2002) show that the ironstone showing is coincident with a strong mag-
netic anomaly (Figure 42).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1953: Geological mapping (Crouse, 1954)

e 1960: Geological mapping and prospecting, magnetic and gravity surveys (Love, 1961)

e 1972: Aeromagnetic survey (unpublished IOC report)

*  1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, geological mapping and prospecting, ground gravity survey, regional airborne magnetic surveys,
structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2010: Diamond drilling (2 drillholes, 297 m, Carter, 2011d)

e 2011: Aerial photography program (Wallace and Leriche, 2012)
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15. JULIENNE 1

Alternate Name: n/a

MODS Showing(s): 023G/02/Fe013
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5894668
Easting (NAD27): 648571
Latitude: 53.1825

Longitude: -66.7767

Object Located: Drillhole J2-06-05

Description of Occurrence

The Julienne 1 property is located on the western shore of Goethite Bay (Figure 43), approximately 29 km north of Labrador
City. Access is by boat from Julienne Lake, or by helicopter.
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Figure 43. A) Geological map of the Julienne 1 prospect (adapted from Cotnoir et al., 2002) showing location of drillholes
Sfrom 2006 and 2012 exploration programs (Clark, 2007a; Goldner et al., 2013); B) Airborne magnetics (second vertical deriv-
ative) (data from Cotnoir et al., 2002).

Geology and Stratigraphy

The geology in the Julienne 1 area is composed of Sokoman Formation iron formation conformably underlain by quartzite
of the Wishart Formation (Figure 43). Diamond drilling has shown appreciable thicknesses of iron formation (>109 m; Clark,
2007a). Due to strong alteration of the iron formation, stratigraphic interpretations are difficult, but Clark (2007a) indicates that
a full sequence of Sokoman Formation (UIF, MIF and LIF) is preserved. The UIF and LIF are very similar in appearance and
are differentiated based on their stratigraphic position above and below the MIF. They are predominantly composed of quartz—
carbonate schist, and lesser specular hematite. Large, euhedral garnet crystals occur near to the contact with the underlying
Wishart Formation (possible Ruth Formation, Plate 35A). The MIF consists of oxide-facies iron formation, with alternating
bands of hematite and quartz (Plate 35B) and minor carbonate bands and carbonate spotting.
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Plate 35. A) LIF close to the contact with Wishart Formation quartzite, with large euhedral garnets (drillhole J2-06-05 @ 117.3
m); B) Quartz—hematite oxide-facies iron formation (drillhole J2-06-05 @ 103.1 m).

Mineralization

The oxide-facies iron formation is composed of friable quartz bands and hard hematite bands; magnetite content is very
low (<0.5%). The iron formation is commonly friable and alteration is strong to moderate throughout, with goethite and limonite
on fractures. Surface sampling has also noted common pyrolusite on fracture surfaces (Darch et al., 2003b), but overall Mn
contents are low (<0.6% Mn).

There is no published metallurgical testwork available from the Julienne 1 prospect.

Assay results from the 2006 drilling program returned significant thicknesses of mineralized iron formation (Clark, 2007a),
with highlights including 41.3% Fe over 72 m in drillhole J2-06-06 (21 to 93 m), 41.1% Fe over 44 m in drillhole J2-06-05 (6
to 50 m) and 40% Fe over 39 m in drillhole J2-06-02 (18 to 57 m).

Structure

The Julienne 1 prospect is located in an asymmetrical synclinal structure. Structural mapping indicates that the oxide-facies
iron formation is located in the keel of a southeast-plunging (18°) and south-dipping (10 to 20°) overturned F, syncline intersected
by an F, anticlinal axis (Darch ef al., 2003b). A north—northwest-trending (345°) fault having an approximate 80° dip has been
recognized on aecromagnetic data, and coincides with a pronounced valley at the Julienne 1 prospect (Darch et al., 2003b). The
fault offsets the LIF and Wishart Formation, and may be related to the Julienne Lake Fault Zone, a north—northwest-trending
ductile shear zone mapped by van Gool (1992) directly south of the Julienne 1 prospect. These faults would have provided a
conduit for fluid flow responsible for the moderate to strong alteration of the iron formation.

Geophysics
Due to the high hematite content and very low magnetite content of the oxide-facies iron formation, the Julienne 1 prospect
is not characterized by a magnetic anomaly on the regional airborne magnetic survey (Figure 43; Cotnoir et al., 2002). A very
weak gravity response has been recorded over the Julienne 1 prospect (Darch ef al., 2003b).
Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates based on limited data of 90 Mt grading 33% Fe were reported by Hulstein and
Lee (2001).
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History of Exploration

1950: Geological mapping (Neal, 1951)

1953: Geological mapping and prospecting (Almond, 1953), diamond drilling (9 drillholes, 201 m, Neal, 1953)
1972: Aeromagnetic survey (unpublished IOC report)

1982: Airborne geophysical surveys (radiometrics, Johnson, 1982)

1985: Diamond drilling (1 drillhole, 88 m, Simpson et al., 1985)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, ground gravity survey,
structural/stratigraphic interpretation (Cotnoir et al., 2002)

2003: Geological mapping and prospecting (Darch et al., 2003b)

2006: Diamond drilling (4 drillholes, 456.5 m, Clark, 2007a)

2011: Airborne electromagnetic, magnetic, and gravity surveys (Wallace, 2012c)

2012: Diamond drilling north of Julienne 1 prospect (1 drillhole, 309 m, Goldner ef al., 2013)

96



16. JULIENNE 2

Alternate Name: Julienne #2
MODS Showing(s): 023G/02/Fe010
Status: Prospect

Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5891224
Easting (NAD27): 653250
Latitude: 53.1503

Longitude: -66.7083

Object Located: Drillhole J2-10-10

Description of Occurrence

The Julienne 2 prospect is located on a peninsula in Julienne Lake, between Goethite Bay and Scott Bay (Figure 44). It is
approximately 29 km north of Labrador City. Access is by boat from Julienne Lake, or by helicopter.

Geology and Stratigraphy

Based on acromagnetic data, the Julienne 2 prospect is interpreted to be a northerly extension of the Julienne Lake deposit
(Cotnoir et al., 2002), and the stratigraphy of the peninsula supports this correlation. Rocks of the Kaniapiskau Supergroup pre-
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Figure 44. A) Geological map of the Julienne 2 prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2001 and 2010 exploration programs (Cotnoir et al., 2002, Carter, 2011d); B) Airborne magnetics (second vertical de-
rivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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dominate the area (Figure 44), with Denault Formation dolomite (outcropping at the southern tip of the peninsula) overlain by
Wishart Formation quartzite. The Wishart Formation is conformably overlain by the Sokoman Formation, which outcrops along
the centre of the peninsula. Minor Menihek Formation schist has been reported from one drillhole along the eastern shore of the
peninsula, but the formation does not outcrop (Darch ef al., 2003b). Diamond drilling has also recorded the presence of numerous
Shabogamo Gabbro sills that intrude the Sokoman Formation.

The UIF is a banded carbonate-facies iron formation, where the carbonate minerals are altered and replaced by goethite
(Darch et al., 2003b). Oxide-facies iron formation of the MIF outcrop extensively on the northern half of the peninsula, and di-
amond drilling has intercepted up to 268 m of oxide-facies iron formation. The composition of the MIF is variable across the
peninsula, with magnetite-rich iron formation common at the southeastern end of the peninsula, and hematite content increasing
to the northwest (Plate 36) interpreted to be related to late-stage alteration of magnetite to martite. The LIF is composed of a
thin unit of quartz and goethite-rich schist, and in drillhole J2-10-10, the base of the LIF is garnet-bearing and characterized by
high Al,0O; content (up to 3.2% Al203; Carter, 2011e). It has a transitional contact with the underlying Wishart Formation, and
is similar to the Basal Silicate Member recognized in the Rose and Scully deposits.

Mineralization

The oxide-facies iron formation is composed of quartz
and variable proportions of magnetite and hematite, with
hematite content increasing with increased alteration (due to
transformation of magnetite to martite). The iron oxides are
generally fine to medium grained, but very coarse-grained
hematite has also been recorded (Carter, 2011e). The oxide-
facies iron formation is friable and sandy in places, with mul-
tiple brecciated zones.

Alteration is moderate to strong in places and is char-
acterized by the presence of goethite and limonite on fracture
CAL SURVEY surfaces, increased hematite content, and leaching of carbon-
— S— : - ate and iron silicate minerals. The alteration is strongest in the
Plate 36. Quariz—hematite oxide-facies iron formation (drill-  most northerly drillhole (J2-10-13), and generally decreases
hole J2-10-08 @ 153.2 m). to the southeast. Manganese-oxides, primarily pyrolusite, are
locally common, with Mn contents ranging up to 11.7% over
3 m (drillhole J2-10-10 @ 87 m, Carter, 2011¢).

Carter (2011e) reported on iron weight recovery and SAG Power Index (SPI) from 57 composite drillcore samples from
the 2010 IOC drill program, with results indicating that iron weight recovery is similar to the range of IOC ore from the
Humphrey deposit (Cotnoir et al., 2002).

Assay results from the Julienne 2 prospect have shown significant thickness of oxide-facies iron formation, with highlights
including 37.3% Fe over 268.5 m in drillhole J2-10-08 (4.5 to 273 m), 37.8% Fe over 191 m in drillhole J2-10-11 (9 to 200 m)
and 33.7% Fe over 138.5 m in drillhole J2-10-10 (12 to 150.5 m).

Structure

The Julienne 2 prospect is located in a complexly folded sequence, where the MIF horizon occurs within a series of tight
northwest—southeast-trending F, synclinal folds that run along the centre of the peninsula. The UIF (and possible Menihek
Formation) forms the core of a F, syncline at the northern part of the peninsula, whereas the LIF and Wishart Formation form
the core of a F, anticline in the southern portion of the peninsula (Darch ef al., 2003). The F, folds plunge between 30 and 45°
to the south-southeast, are northeast verging (30-50°) and are overturned (Darch et al., 2003b). The F, folds were subsequently
refolded around a broad F, anticlinal structure.
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North-northeast-trending faults, similar to those recorded in the Julienne Lake deposit, are evident in the acromagnetic data
especially through the central portion of the Julienne 2 prospect (Darch ef al., 2003b). These faults likely provided conduits for
late-stage fluid flow associated with alteration of the iron formation.

Geophysics

Regional acromagnetic data (Cotnoir et al., 2002) show that the southwestern part of the Julienne 2 prospect is associated
with a significant magnetic high, interpreted to be related to the high magnetite content of MIF in that area (Figure 44). The
magnetic signature decreases to the northwest, which is consistent with the decrease in magnetite content and stronger alteration.
A gravity anomaly of 14 milligals has been delineated in the centre of the peninsula (Cotnoir ef al., 2002), which is coincident
with the thickest intersections of oxide-facies iron formation.

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates based on limited data of 306 Mt grading 32% Fe were reported by Hulstein and
Lee (2001), whereas Cotnoir ef al. (2002) suggested that the Julienne 2 prospect could host a geological resource exceeding
1000 Mt of iron ore.

History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1952: Geological mapping and prospecting (Beemer, 1952)

e 1953: Geological mapping and prospecting (Almond, 1953)

e 1958: Diamond drilling (12 shallow drillholes, described in Hulstein and Lee, 2001)

e 1959: Ground gravity survey (Branch, 1959a)

e 1972: Aeromagnetic survey (unpublished IOC report)

* 1979 Ground magnetometer survey, prospecting (Grant, 1979d; Price, 1979f)

e 1982: Airborne geophysical surveys (radiometrics) (Johnson, 1982)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, geological mapping and prospecting, diamond drilling (3 drillholes, 693 m), regional airborne
magnetic surveys, ground gravity survey, structural/ stratigraphic interpretation (Cotnoir et al., 2002)

e 2003: Geological mapping and prospecting (Darch et al., 2003b)

e 2010: Diamond drilling (7 drillholes, 1146 m) (Carter, 2011e)

e 2011: Airborne electromagnetic, magnetic, and gravity surveys (Wallace, 2012c)
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17. JULIENNE LAKE

Alternate Name: Boyko No. 1; Julien Ore Deposit
MODS Showing(s): 023G/02/Fe009
Status: Developed Prospect
Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5889776
Easting (NAD27): 648142
Latitude: 53.1368

Longitude: -66.7854

Object Located: Drillhole JL-10-06

Description of Occurrence

The Julienne Lake deposit (and offshore extension) is located on the Julienne Lake peninsula between Wabush Lake to the
west and Julienne Lake to the east (Figure 45). The deposit is approximately 23 km north of Labrador City, and access is by an
unpaved road off the TLH (Route 500).
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Figure 45. A) Geological map of the Julienne Lake deposit (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2010 and 2012 exploration programs (Coates et al., 2012; Seymour et al., 2012); B) Airborne magnetics (second vertical
derivative) of Julienne Lake Peninsula, showing extent of iron formation and extension of the deposit into Julienne Lake (data
from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Sokoman Formation outcrops extensively in the centre of the Julienne Lake peninsula (Figure 45), occurring in the
shallowly exposed trenches and at the Pleistocene raised beach level (Plate 37A, B). Wishart Formation quartzite is located to
the north and south of the peninsula, and is believed to either conformably underlie the Sokoman Formation, or lie in fault
contact with the iron formation (Coates ef al., 2012; Conliffe, 2013).

The stratigraphy of the Sokoman Formation in the Julienne Lake Deposit is poorly understood because of its structural
complexity, absence of recognizable marker horizons and late-stage alteration. Diamond drilling has recognized a thick (up to
575 m) sequence of oxide-facies iron formation (dominantly coarse-grained, friable quartz specularite schist; Plate 37C, D), in-
terbedded with thin (generally less than 5 m) layers of lean white quartzite and Mn-rich oxide-facies iron formation (Plate 37E;
Conliffe, 2013). The base of the Sokoman Formation is marked by strongly altered and brecciated iron formation and most of
the primary textures and mineralogy have been destroyed. However, disseminated garnet is recorded in this member (Plate 37F)
and Conliffe (2013) interpreted this as representing an altered equivalent of the Basal Silicate Member recognized in the Rose
and Scully deposits.

Mineralization

The mineralogy of the oxide-facies iron formation is predominantly composed of medium- to coarse-grained specular
hematite and quartz (with minor red granular hematite, goethite and limonite). Magnetite is generally rare, although several
magnetite-rich horizons have been identified (Conliffe, 2013). These magnetite-rich horizons most likely represent remnant
magnetite remaining after the transformation of magnetite to martite.

Alteration ranges from minor hematization to intense and pervasive alteration to hematite, goethite and limonite. Zones of
intense alteration are distributed through the deposit, even at depths beyond 500 m. Alteration is strongest in brecciated zones
or along foliations in banded quartz—specularite schist, and is interpreted to be related to late-stage (post-metamorphic) fluid
flow, secondary leaching and/or deep weathering (Conliffe, 2013).

Manganese-rich oxide-iron formation is composed of disseminated specular hematite, quartz and pyrolusite and numerous
pyrolusite-bearing veinlets, with Mn contents of up to 26.3% over 0.45 m (drillhole JL-10-27 @ 285.2 m; Coates et al., 2012).

Coates et al. (2012) reported the results of metallurgical testwork on a bulk sample from drillholes JL-10-05 and JL-10-
05A (total of 190 kg of core). This work demonstrated that it is possible to produce an iron-ore concentrate with an iron content
of >66% Fe and a silica content of <5%, with ~75% Fe recovery and ~40% iron weight recovery. Bond Work Index results
show that the ore is soft, and autogenous or semi-autogenous grinding was proposed as the preferred approach to milling the
ore.

Structure

Based on variations in structural complexity, lithology, and alteration the deposit has been subdivided into southeastern
and northwestern zones (Conliffe, 2013), separated by a north-northeast-trending vertical fault that can be identified on regional
aeromagnetic data. The southeastern zone is interpreted as an overturned syncline having a maximum thickness of iron formation
of 320 m. The northwestern zone is more structurally complex, and has complicated folding and thrust repetition responsible
for thickening of the iron formation to >575 m. This zone is also characterized by more intense alteration and the presence of
Mn-rich iron formation.

In all drillholes examined, the lower contact of the Sokoman Formation is strongly brecciated and commonly faulted, pos-
sibly representing a basal thrust (Conliffe, 2013). Coates et al. (2013) indicated that the southern margin of the deposit was
marked by a high-angle fault.

Geophysics

Regional airborne magnetic surveys (Cotnoir ef al., 2002) and ground magnetometer surveys (Seymour et al., 2011; Coates
et al., 2012) clearly outline the extent of the Julienne Lake deposit and show that the iron formation extends into Julienne Lake
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Plate 37. A) Aerial view of the Julienne Lake peninsula, looking south. Historic trench (T62-01) exposed on hilltop and
Pleistocene-raised beach clearly visible; B) Historical trench (T62-01), with large boulder of folded oxide-facies iron formation;
C) Massive, friable oxide-facies iron formation; D) Banded oxide-facies iron formation, with quartz-rich and hematite-rich
layers (drillhole JL10-16 @ 53.6 m); E) Gently dipping bed of Mn-rich iron formation, from north end of Trench 10-01; F)
Strongly altered Basal Silicate member, with large altered garnets (drillhole JL12-08 @ 85.6 m).
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to the east and Wabush Lake to the west (Figure 45). Interpretation of the ground magnetometer survey shows that the magnetic
response throughout the deposit is highly variable, and a magnetically elevated trend within the iron formation may represent
a single magnetic member (Coates et al., 2012).

Resource and/or Reserves
NI 43-101 compliant resource (Coates et al., 2012).

e Measured resources: 66 Mt at 34.7% iron, 0.38% Mn (cut-off grade = 15% Fe)
* Indicated resources: 801 Mt at 33.6% iron, 0.20% Mn (cut-off grade = 15% Fe)
* Inferred resources: 299 Mt at 34.1% iron, 0.12% Mn (cut-off grade = 15% Fe)

History of Exploration

e 1953: Geological mapping and prospecting (Boyko, 1953)

*  1956: Geological mapping and prospecting, magnetic survey (Gastil, 1956)

* 1957: Diamond drilling (4 drillholes, 562 m, Pickand Matthews & Co., 1959a)

e 1958: Diamond drilling (5 drillholes, 479 m, Pickand Matthews & Co., 1959b)

e 1959: Geological mapping, mineralogical studies and magnetometer surveying (Knowles, 1960), and ore reserve calculation
(Canadian Javelin Ltd., 1959)

e 1962: Trenching, test pits and metallurgical study (Knowles et al., 1962)

e 1963: General geological study (Knowles, 1963), ground magnetometer survey (Knowles and Blakeman, 1963) and bulk
sample (Knowles, 1967a)

e 1966: Bulk sample (Knowles, 1967b)

e 1970: Prefeasibility study (Magyar, 1970)

e 1975: Julienne Lake Deposit reverts to Exempt Mineral Land (EML)

e 1982: Offshore diamond drilling: 1 drillhole, 66.2 m (Simpson and Bird, 1982)

e 2001: Regional airborne magnetic surveys (Cotnoir et al., 2002)

e 2010: Diamond drilling (42 drillholes, 9238 m), trenching, geological mapping, ground magnetometer survey, metallurgical
studies and NI 43-101 compliant resource estimate (Coates et al., 2012)

e 2011: Offshore ground gravity and magnetic survey (Seymour et al., 2011)

e 2012: Offshore diamond drilling (9 drillholes, 1268 m, Seymour ef al., 2012; 2013)

e 2013: Concept development study (Churchill et al., 2014)
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18. KNIGHT

Alternate Name: Knights Brook, Knight Main, Northwest Canning Lake, Tup Lake East (and South)
MODS Showing(s): 023B/14/Fe028
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5868315
Easting (NAD27): 633501
Latitude: 52.9498

Longitude: -67.0130

Object Located: Drillhole KN-06-11

Description of Occurrence

The Knight prospect is located to the north of Tup Lake (Figure 46), approximately 6.5 km west of Labrador City.
Access to the area is by helicopter or by foot via a former lumber road off the TLH.

Geology and Stratigraphy
The geology of the area north of Tup Lake consists of Sokoman Formation iron formation conformably underlain by

quartzite of the Wishart Formation (Figure 46). The Sokoman Formation is intruded by Shabogamo Gabbro sills, particularly
in areas close to the contacts between the UIF, MIF and LIF.
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D Sokoman Formation (oxide facies) @ 2001 drillhole collars (IOC) N S—

D Sokoman Formation (non-oxide facies) @ 2006 drillhole collars (IOC) m

Figure 46. A) Geological map of the Knight prospect (adapted from Cotnoir et al., 2002), showing location of drillholes from
2001 and 2006 exploration programs (Cotnoir et al., 2002, Clark, 2007b); B) Airborne magnetics (second vertical derivative)
showing extent of iron formation (data from Cotnoir et al., 2002).
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Diamond drilling at the Knight prospect intersected significant thicknesses (>250 m) of Sokoman Formation (Clark, 2007b).
Carbonate- and silicate-facies iron formation are recorded at the top of some drillholes, or as infolded sections in oxide-facies
iron formation, and is interpreted as UIF. Oxide-facies iron formation of the MIF ranges in thickness from 32.6 to 227.75 m,
with the thicker sequences interpreted to result from significant structural thickening (Clark, 2007b). Underlying carbonate-
and silicate- facies iron formation can be greater than 50 m thick (drillhole KN-06-10), and is interpreted to represent the LIF,
based on its stratigraphic position between the MIF and Wishart Formation (Clark, 2007b).

Mineralization

The oxide-facies iron formation is generally magnetite-rich (Plate 38B, C) with some sections of quartz—magnetite-hematite
schists also recorded (Plate 38D—F; Cotnoir et al., 2002; Clark, 2007b). Quartz—hematite schist with accessory anthophyllite
and talc was also recorded in some drillholes (Clark, 2007b). Magnetite varies from being fine to coarse grained (Plate 38B),
but very coarse-grained magnetite has also been recorded (Plate 38C). Specular hematite is medium to coarse grained. In outcrop,
the oxide-facies iron formation is generally weathered, with secondary goethite and limonite staining, whereas in drillcore the
oxide-facies iron formation is generally fresh and unaltered. Manganese contents of up to 2.7 wt. % have been recorded, but no
pyrolusite or other Mn-oxides have been observed; suggesting that the Mn may be contained within as Mn-carbonate minerals.

Metallurgical testwork available from the Knight prospect includes RMI determination, minus 200 mesh weight fraction
and iron weight recovery values from drillcore samples (Cotnoir et al., 2002). Results indicate that oxide-facies iron formation
from the Knight prospect is amenable for beneficiation, and has similar or slightly better than the chemical and physical char-
acteristics of [OC ore from the Humphrey deposit (Cotnoir et al., 2002).

Assay results from the Knight prospect have shown significant thickness of ore-grade oxide-facies iron formation, with the
highlights including 42.5% Fe over 94.4 m in drillhole KN-01-01 (2.7 to 97.1 m), 37.6% Fe over 66 m in drillhole KN-06-10
(165 to 231 m) and 42.5% Fe over 82 m in drillhole KN-06-11 (151 to 258 m).

Structure

The structure in the area of the Knight prospect is complex, with an early generation of northwest—southeast-oriented iso-
clinal folds (F,) refolded by a later more open northeast—southwest structural event (F,) (Darch and Goodman, 2003). Rock
units are moderately to steeply southeast dipping, and are interpreted to lie with a shallowly south-southwest-plunging (28—
60°) F, synclinal structure (Cotnoir et al., 2002). This syncline refolds F, isoclinal folds in a west-verging F2 fold, with the F,
and F, fold axis’ roughly parallel (Cotnoir et al., 2002).

Geophysics

Regional aecromagnetic surveys show that the Knight prospect is located within a strong magnetic high, due to the high
magnetite content of oxide-facies iron formation (Cotnoir et al., 2002; Figure 46). Ground gravity surveys show a significant
gravity high that is coincident with the acromagnetic anomaly (Darch and Goodman, 2003).

Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.

Preliminary interpretation based on geological mapping, structural interpretation and regional aeromagnetic survey results
have been used to estimate a possible geological resource of 450 Mt with grades ranging from 40 to 45% Fe (Cotnoir ef al.,
2002).

History of Exploration
e 1949: Geological mapping (Neal, 1950a)
e 1953: Geological mapping (Crouse, 1954)

*  1960: Geological mapping and prospecting, magnetic and gravity surveys (Love, 1961)
e 1972: Aeromagnetic survey (unpublished IOC report)
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Plate 38. 4) Typical carbonate—silicate-facies iron formation from the LIF (drillhole KN-06-4 @ 227.7 m); B) Typical quartz—
magnetite oxide-facies iron formation (drillhole KN-06-A @ 161.5 m); C) Quartz—magnetite oxide-facies iron formation with
very coarse-grained clots of magnetite (drillhole KN-06-A @ 219.5 m); D) Quartz—carbonate—magnetite—hematite oxide-facies
iron formation (drillhole KN-06-A @ 166.5 m); E) Photomicrograph of oxide-facies iron formation with magnetite and hematite
and gangue quartz, carbonate and minor Fe-silicates (drillhole KN-06-A @ 166.5 m, reflected light); F) Same view as (E), in
cross-polarized light.
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1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, geological mapping and prospecting, diamond drilling (2 drillholes, 459 m), ground gravity survey,
regional airborne magnetic surveys, structural/ stratigraphic interpretation (Cotnoir et al., 2002)

2002: Geological mapping and prospecting, structural interpretation, ground gravity survey (Darch and Goodman, 2003)
2006:Diamond drilling (6 drillholes, 1373 m, Clark, 2007b)
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19. KNIGHT NORTH

Alternate Name: Knights Brook, West Leg Lake, Leg Lake
MODS Showing(s): 023B/15/Fe006
Status: Showing

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5869906

Easting (NAD27): 634155

Latitude: 52.9639

Longitude: -67.0026

Object Located: 2001 I0C sample location

Description of Occurrence

The Knight North showing is located west of Leg Lake (Figure 47), and approximately 6 km northwest of Labrador City.
There is no road access, and access is by foot via a former lumber road off the TLH, or by helicopter.

Geology and Stratigraphy

The Knight North showing is located ~3 km to the north of the Knight showing, along strike in the same belt of Sokoman
Formation iron formation. The stratigraphy consists of Sokoman Formation conformably overlying Wishart Formation quartzite
and schists of the Le Fer Formation. The Sokoman Formation is intruded by a number of Shabogamo Gabbro sills.

- Shabogamo Gabbro D Wishart Formation N
0 500 1000

- Sokoman Formation (oxide facies) I:l Le Fer Formation P —

|:| Sokoman Formation (non-oxide facies) ® 2001 outcrop sample (I0C) m

Figure 47. A) Geological map of the Knight North showing (adapted from Cotnoir et al., 2002), showing outcrop sample loca-
tions from 2001 exploration programs (Cotnoir et al., 2002),; B) Airborne magnetics (second vertical derivative) showing extent
of iron formation (data from Cotnoir et al., 2002).
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No information is available on the stratigraphy of the Sokoman Formation at the Knight North showing, but it is likely
similar to the stratigraphy described from the Knight showing (Cotnoir et al., 2002).

Mineralization

Oxide-facies iron formation outcrops sporadically throughout the Knight North area, and consists of friable quartz—mag-
netite—hematite.

There is no published metallurgical testwork available from the Knight North showing, but the minus 200 mesh weight
percent fraction and iron weight recovery of outcrop samples are similar to the Knight prospect, and within IOC’s chemical and
physical crude-ore characteristics (Cotnoir ef al., 2002).

No drillholes have been completed on the Knight North showing. A number of oxide-facies iron formation samples were
collected as part of a regional assessment in 2001 (Cotnoir ef al., 2002). A total of 7 samples were collected, with an average
Fe content of 38.9% and 22.95% magnetite (determined by Satmagan).

Structure

Mapping and aecromagnetic data suggest that the Knight North showing occurs in a similar structural setting to the Knight
showing, with oxide-facies iron formation located along the flank or limbs of F, folds, within a northeast-plunging F, synclinal
structure. Cotnoir ef al. (2002) suggested that the presence of tight F|—F, interference structures at the Knight North showing
may have resulted in structural thickening.

Geophysics

Regional aeromagnetic surveys show that the Knight North showing is located within a strong magnetic high (Cotnoir et
al., 2002; Figure 47). Ground gravity surveys show a gravity high that is coincident with the aeromagnetic anomaly (Darch and
Goodman, 2003).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1953: Geological mapping (Crouse, 1954)

e 1960: Geological mapping and prospecting, magnetic and gravity surveys (Love, 1961)

e 1972: Aeromagnetic survey (unpublished IOC report)

*  1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

*  2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, structural/stratigraphic
interpretation (Cotnoir et al., 2002)

e 2002: Structural interpretation, ground gravity survey (Darch and Goodman, 2003)
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20. KNIGHT SOUTH

Alternate Name: n/a

MODS Showing(s): 023B/14/Fe019
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5866416
Easting (NAD27): 632802
Latitude: 52.9329

Longitude: -67.0242

Object Located: Drillhole KN-02-06

Description of Occurrence

The Knight South prospect surrounds Throne Lake, approximately 8 km west of Labrador City. It is located ~1 km to the
west of the TLH (Figure 48), with access on foot via small trails or by helicopter.

Geology and Stratigraphy

The geology of the Knight South area is similar to that of the Knight area, located 2—3 km to the north along strike. The
surface geology consists predominantly of Sokoman Formation iron formation, with the UIF and LIF intruded by gabbro sills
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Figure 48. A) Geological map of the Knight South prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2002 exploration program (Darch and Goodman, 2003); B) Airborne magnetics (second vertical derivative) showing
extent of iron formation (data from Cotnoir et al., 2002).
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of the Shabogamo Gabbro (Darch and Goodman, 2003). The Sokoman Formation conformably overlies the Wishart Formation
south of Throne Lake (Figure 48).

Geological mapping and diamond drilling record a full sequence of Sokoman Formation iron formation at the Knight South
prospect. The UIF intercepted in all of the drillholes completed in 2002, consists of quartz—carbonate—grunerite/ actinolite—
magnetite schists. The upper and lower parts of the UIF are rich in Fe-silicates and fine-grained bands and disseminations of
magnetite, and the middle portion of the UIF is rich in carbonate minerals with rare magnetite (Darch and Goodman, 2003).
Thin (17.7 to 24 m) oxide-facies iron formation, interpreted as representing MIF, has been reported from four of the five 2002
drillholes. These intervals consist of well-banded, fine- to medium-grained quartz—-magnetite—hematite schists. The LIF was
not intercepted during drilling in 2002, but mapping shows the silicate and carbonate facies LIF outcrops to the south and west
of Throne Lake, where it conformably overlies quartzite of the Wishart Formation (Darch and Goodman, 2003).

Mineralization

The oxide-facies iron formation is magnetite-rich, with only minor specular hematite (Darch and Goodman, 2003). The
magnetite is generally fine to medium grained, and occurs in discrete bands alternating with quartz, carbonate, grunerite and
actinolite. No significant alteration of the iron formation has been recorded, and assay data from drillcore show that the Mn
content of oxide-facies iron formation is generally <1%.

Darch and Goodman (2003) reported on RMI determination, minus 200 mesh weight fraction and iron weight recovery
values from drillcore samples. These data show that oxide-facies iron formation is relatively hard grinding (high RMI) and has
lower minus 200 mesh weight fraction and iron weight recovery values than IOC’s chemical and physical crude-ore character-
istics (Cotnoir ef al., 2002).

Assay results from the 2002 drilling program indicate thick sequences of iron-rich rocks (up to 106.6 m of 35.4% Fe in
drillhole KN-02-06; Darch and Goodman, 2003). However, these include thick sequences of silicate- and carbonate-facies iron
formation. The best results from oxide-facies iron formation included 42.2% Fe over 24 m in drillhole KN-02-03 (67.9 to 91.9
m), 37.3% Fe over 20.3 m in drillhole KN-02-06 (232.3 to 252.6 m) and 40.2% Fe over 22.5 m in drillhole KN-02-07 (57.5 to
80 m).

Structure

The structural geology of the Knight South prospect has been described, in detail, by Darch and Goodman (2003). The
prospect is located in the central portion of a F,/F, interference structure, which is a result of F, folding of a large
(several hundred metres wide), southwest-verging, F, synclinorium (Darch and Goodman, 2003). The synclinorium is composed
of a number of minor syncline/anticline pairs that follow the main structure around the broad F, folds, with Shabogamo Gabbro
sills and UIF occurring in the keels of isoclinal F, folds. Although only thin sequences of MIF were encountered during drilling,
this interpretation indicates that relatively thick sequences of MIF may have formed by structural thickening (Darch and
Goodman, 2003).

Geophysics
Regional airborne magnetic surveys (Cotnoir et al., 2002) have shown a large magnetic anomaly around Throne Lake
(Figure 48), which coincides with abundant iron formation in outcrop. A ground gravity survey has identified a broad, strong
gravity anomaly over Throne Lake representing a thick sequence of MIF (Darch and Goodman, 2003).
Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

History of Exploration

e 1949: Geological mapping (Neal, 1950a)
e 1953: Geological mapping (Crouse, 1954)
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1960: Geological mapping and prospecting, magnetic and gravity surveys (Love, 1961)

1972: Aeromagnetic survey (unpublished IOC report)

1979: Diamond drilling (3 drillholes, 107 m) (Grant, 1979¢)

1982: Airborne geophysical surveys (EM, magnetics, radiometrics; Johnson, 1982)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, structural/stratigraphic
interpretation (Cotnoir et al., 2002)

2002: Geological mapping and prospecting, petrographic study, structural interpretation, ground gravity survey, diamond
drilling (5 drillholes 1161.2 m, Darch and Goodman, 2003)
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21. LORRAINE 4

Alternate Name: Lorraine No. 4
MODS Showing(s): 023G/02/Fe008
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5883410
Easting (NAD27): 642180
Latitude: 53.0832

Longitude: -66.8772

Object Located: MODS Occurrence

Description of Occurrence
The Lorraine 4 prospect is located on a ridge between Lorraine Lake and Wabush Lake (Figure 49), to the west of IOC’s
Carol Lake Mine. It is approximately 15 km north of Labrador City. There is no road access to the area, and access is by boat
from Wabush Lake, helicopter or by foot or ATV from the IOC mine area.
Geology and Stratigraphy

The Lorraine 4 prospect occurs at the northern end of a belt of Sokoman Formation iron formation (Figure 49), which also
encompasses the Wabush 6 deposit and Mill Basin, Wabush 4 and Canning prospects (Darch et al., 2003a). The Sokoman
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Figure 49. 4) Geological map of the Lorraine 4 prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 1985 exploration program (Simpson et al., 1985); B) Airborne magnetics (second vertical derivative) showing extent of
iron formation (data from Cotnoir et al., 2002).
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Formation is conformably underlain by Wishart Formation quartzite, which in turn overlies schist of the Le Fer Formation. A
number of Shabogamo Gabbro sills occur to the north of the prospect.

Little is known about the stratigraphy of the Sokoman Formation in this area, but it is likely similar to the stratigraphy of
the Sokoman Formation at the Wabush 6 deposit located 8 km south of the Lorraine 4 prospect.

Mineralization

Outcrops of oxide-facies iron formation in the Lorraine 4 area consist predominantly of quartz—hematite—-magnetite schist,
with hematite > magnetite (Neal, 1951; Thorniley, 1959). Diamond drilling in the Wabush Lake area to the east of the property
has intersected predominantly oxide-facies iron formation over 112 m, with thin (<5 m) intervals of carbonate-facies iron for-
mation and Shabogamo Gabbro (Simpson et al., 1985).

Geological mapping and diamond drilling have shown that the Sokoman Formation is commonly moderately altered, with
abundant goethite recorded in outcrop at the northern portion of the prospect (Thorniley, 1959) and Simpson et al. (1985) re-
porting on multiple goethite-rich zones intercepted during diamond drilling.

There is no published metallurgical testwork available from the Lorraine 4 prospect.

No assay data is available from drilling on the Lorraine 4 prospect. Thorniley (1959) reported assay data from 262 chip
and outcrop samples from across the orebody, which averaged 37.88% Fe.

Structure

Geological mapping at Lorraine 4 indicates that the prospect is located in a north-trending F, syncline, with outcrops uni-
formly dipping to the east (Thorniley, 1959). Thorniley (1959) noted numerous drag folds in outcrop, and correlations with the
Wabush 6 deposit suggest that F,/F, fold interference may be associated with structural thickening of the MIF.

Geophysics

The Lorraine 4 prospect is associated with a moderate magnetic anomaly on regional airborne magnetic surveys (Figure
49; Cotnoir et al., 2002). However, the intensity of the magnetic anomaly decreases toward the north of the prospect, which is
likely due to the relatively high proportion of hematite in the MIF. This is consistent with results of a ground magnetometer
survey that identified a subdued anomaly across the Lorraine 4 prospect (Price, 1979).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates, based on limited data, of 218 Mt grading 37% Fe were reported by Elliot ef al.
(1980).

History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1950: Geological mapping (Neal, 1951)

e 1957: Geological mapping (Mumtazuddin, 1957)

e 1959: Geological mapping, sampling and dip needle survey (Thorniley, 1959)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1978: Ground magnetometer survey (Price, 1979g)

e 1985: Diamond drilling (1 drillhole, 112.1 m, Simpson et al., 1985)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)
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22. LUCE

Alternate Name: Luce No. 1, Hakim Lake Showing, Luce South, Luce Main, Luce Basin

MODS Showing(s): 023G/02/Fe005

Status: Producer

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5874676

Easting (NAD27): 637970

Latitude: 53.0058

Longitude: -66.9438

Object Located: Approximate centre of Luce Pit

Description of Occurrence

The Luce deposit is located in IOC’s Carol Lake Mine area, directly south of Luce Lake (Figure 50) and approximately 8
km north of Labrador City. Access to the deposit is via a series of mine roads that extend north from IOC’s Concentrator and
Pellet Plant. The deposit is subdivided into three pits, Luce South (Plate 39A), Luce Main and Luce Basin (Figure 50).

Geology and Stratigraphy

The bedrock geology of the Luce deposit is dominated by Sokoman Formation iron formation, and is conformably underlain
by quartzite of the Wishart Formation (Figure 51). The Sokoman Formation is intruded by a number of Shabogamo Gabbro sills.

Figure 50. Aerial photograph of the Luce deposit, showing
location of the Luce South, Luce Main and Luce Basin pits
(image courtesy of 10C).
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The stratigraphy of the Sokoman Formation has been de-
scribed by Muwais (1974) and is similar to the stratigraphy of
the Humphry deposit. The lower and upper iron formations
are predominantly composed of carbonate- and silicate-facies
iron formation, with a band of oxide-facies iron formation lo-
cated in the LIF. The MIF is an oxide-facies unit, and has a
vertical zonation with a magnetite-rich lower section and a
hematite-rich upper section.

Mineralization

Oxide-facies iron formation consists predominantly of
hematite, magnetite and gangue quartz and carbonate minerals
(Preziosi, 2001). The relative proportions of hematite and
magnetite vary throughout the deposit. There is a general ver-
tical zonation with high-magnetite ore (Plate 39B) at the base
of the MIF and low-magnetite, hematite-rich ore (Plate 39C,
D) in the upper part of the MIF. The Luce Main pit has a higher
proportion of coarser grained, hematite-rich low-magnetite
ore, whereas the Luce Basin and Luce South have a higher
proportion of finer grained, high-magnetite ore (Preziosi,
2001; Bulled et al., 2009).

Alteration is variable, with a high limonite (goethite-rich)
zone in the western portion of the ore body (Plate 39E), pos-
sibly associated with late-stage fluid movement along faults.

Ore from the Luce deposit is processed at 10C’s
Concentrator and Pellet Plant. Preziosi (2001) stated that bulk
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Plate 39. A) View of the Luce deposit, looking north from observation point above Luce South pit; B) Typical fine-grained, mag-
netite-rich oxide-facies iron formation (drillhole LU-10-62 @ 91 m); C) Medium-grained, friable hematite-rich oxide-facies
iron formation (drillhole LU-10-77 @ 62 m); D) Photomicrograph of hematite-rich oxide-facies iron formation, with hematite
(light grey) and magnetite (pink grey) crystals (drillhole LU-10-77 @ 62 m), E) Strongly altered, goethite-rich iron formation
from west wall of Luce Main pit (drillhole LU-13-364 @ 207 m).
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Figure 51. A) Geological map of the Luce deposit (adapted from Cotnoir et al., 2002); B) Airborne magnetics (second vertical
derivative) showing extent of iron formation (data from Cotnoir et al., 2002).

sample testing in 1996 and 1997 indicated good mineral liberation, wet mill grinding and throughput parameters, and spiral
concentrates had similar values to ore from the Humphrey deposit, with 67% Fe and low concentrations of SiO, (3.7%), Mn
(0.1%), Al,05 (0.21%) and TiO, (0.05%). Bulled et al. (2009) reported that the coarser grained, low-magnetite ore was generally
softer than the finer grained, high-magnetite ore (average SAG Power Index of 11 and 23 minutes, respectively).
Structure

The Luce deposit is located in a broad, open north—northeast-trending syncline that plunges gently to the north, with a
minor anticline separating the Luce Main pit to the west and the Luce Basin pit to the east. Detailed examination illustrates that
the structure of the deposit is complex with interference of F, and F, folds resulting in significant structural thickening of the
MIF oxide-facies iron formation in the keels of the synclines (Cotnoir ef al., 2002).

Geophysics

The Luce deposit is associated with a strong magnetic anomaly on regional aeromagnetic surveys (Cotnoir et al., 2002;
Figure 51), which is due to the high magnetite content of the lower section of the MIF.

Resource and/or Reserves
NI 43-101 compliant reserves (Iron Ore Company of Canada, 2014).

¢ Proven reserves: 350 Mt at 37% Fe
¢ Probable reserves: 212 Mt at 37% Fe
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NI 43-101 compliant resource (Iron Ore Company of Canada, 2014). Mineral Resources exclude Mineral Reserves.

Measured resources: 38 Mt at 37% Fe
Indicated resources: 62 Mt at 37% Fe
Inferred resources: 37 Mt at 36% Fe

History of Exploration

1949: Geological mapping (Neal, 1950a)

1950: Geological mapping (Neal, 1951)

1957: Geological mapping (Mumtazuddin, 1957)

1958: Geological mapping (referenced in Klein, 1959)

1959: Sampling, dip needle survey (Klein, 1959)

1960: Diamond drilling (4 drillholes, 371 m, MacDonald, 1961)

1972: Aeromagnetic survey (unpublished IOC report)

1973: Geological mapping, diamond drilling (20 drillholes, 3262 m), clearing and overburden stripping (Stubbins, 1974),
ground gravity and magnetometer surveys (Iron Ore Company of Canada, 1973)

1974: Diamond drilling (20 drillholes, 5292 m, Stubbins, 1975), stratigraphic interpretation (Muwais, 1974)

1975: Diamond drilling (28 drillholes, 6542 m, Stubbins, 1976), ground gravity and magnetometer survey (Iron Ore
Company of Canada, 1975)

1995: Revised geological interpretation, diamond drilling (12 drillholes, 3189 m)

1996: Diamond drilling (26 drillholes, 4911 m)

1997: Diamond drilling (58 holes, 9408 m), bulk sample

1999: Production commences at Luce South Pit

2001: Development plan for Luce Pit registered (Preziosi, 2001), regional airborne magnetic surveys, structural/stratigraphic
interpretation (Cotnoir et al., 2002)
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23. MILL BASIN

Alternate Name: Wabush 8, Wabush #8, Wabush No. 8, Mile 2, Mill
MODS Showing(s): 023B/15/Fe005, 023B/15/Fe011
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5871055

Easting (NAD27): 641925

Latitude: 52.9722

Longitude: -66.8865

Object Located: Drillhole MD-02-02

Description of Occurrence

The Mill Basin prospect refers to a large exposure of iron formation that outcrops to the north and west of the IOC’s
Concentrator and Pellet Plant. It was previously subdivided into the Wabush 8, Mile 2 and Mill prospects (Figure 52), but as
these represent limbs of the same syncline they are grouped together here as the Mill Basin prospect. The prospect is located
approximately 3 km north of Labrador City, and access is via a series of gravel roads accessing the IOC’s Concentrator and
Pellet Plant (Mill and Mile 2 showings) and the Menihek Nordic Ski Club.

Dumbell

- Shabogamo Gabbro D Le Fer Formation N
D Menihek Formation @ 2002 drillhole collars (I0C) 0 500 1000

] sokoman Formation (oxide facies) %  Location of named occurrence _m:

D Sokoman Formation (non-oxide facies) / Railway

D Wishart Formation / Roads

Figure 52. A) Geological map of the Mill Basin prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2002 exploration programs (Darch et al., 2003a); B) Airborne magnetics (second vertical derivative) showing extent of
iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Mill Basin prospect is located along strike from the Wabush 4 prospect to the south and Wabush 6 deposit to the north.
The bedrock geology is dominated by Sokoman Formation iron formation (Figure 52), and diamond drilling has shown that it
is conformably overlain by graphitic schist of the Menihek Formation (Darch et al., 2003a). Wishart Formation quartzite con-
formably underlies the iron formation, and forms a series of prominent hills to the west of the Mill Basin prospect, whereas Le
Fer Formation quartz—feldspar—biotite gneiss occurs at the base of the stratigraphy. Shabogamo Gabbro sills have been mapped
to the east of the Mill Basin prospect, where they intrude the upper part of the Sokoman Formation.

The stratigraphy of the Sokoman Formation iron formation is similar to that recorded in the Wabush 4 prospect and Wabush
6 deposit. The UIF is predominantly composed of carbonate-facies iron formation, with minor silicate- and oxide-facies intervals.
The MIF is subdivided into an upper unit of hematite-rich oxide-facies iron formation and a lower magnetite-rich unit (Darch
et al., 2003a). These are separated by a 15- to 35-m-thick interval of coarse-grained silicate-facies iron formation (Darch et al.,
2003a). The LIF consists of carbonate- and silicate-facies iron formation, with numerous thin (<10 m) intervals of oxide-facies
iron formation (Darch et al., 2003a).

Mineralization

Thick (>400 m) intervals of oxide-facies iron formation have been intersected during diamond drilling on the eastern part
of the Mill Basin prospect, with drilling farther west intersecting only thin (typically <40 m) sequences of oxide-facies iron for-
mation. This is consistent with structural thickening on the eastern limb of the syncline (see below). The upper, hematite-rich
part of the MIF is generally lower grade (28-32% Fe), with the lower, magnetite section having higher grades (generally 36%
Fe; Darch et al., 2003a).

In drillcore, the oxide-facies iron formation is generally fresh and unaltered. Manganese-contents are highly variable, but
generally increase toward the base of the MIF. Rhodochrosite was visually identified in drillcore and is associated with Mn
values of 9.85% Mn over 8 m (drillhole MD-02-10 @ 29.5 m; Darch et al., 2003a).

Metallurgical testwork available from the Mill Basin prospect includes RMI determination, minus 200 mesh weight fraction
and iron weight recovery values from drillcore samples (Darch et al., 2003a). These data show that oxide-facies iron formation
has low to moderate —200 mesh weight fraction and iron weight recovery values and highly variable RMI values, with high
values (hard grinding ore) associated with carbonate and Fe-silicate rich sections.

Assay results from the Mill Basin prospect have shown that the Fe grade is extremely variable, with the highlights including
35.8% Fe over 293.8 m in drillhole MD-02-01 (94.2 to 300 m) and 31.8% Fe over 161.8 m in drillhole MD-02-02 (240.2 to
400.2 m).

Structure

The Mill Basin prospect is located in a broad, open F, synform, with the Wabush 8 prospect located on the western arm of
the synform and the Mill and Mile 2 prospects located on the eastern arm. Geological mapping and diamond drilling have shown
that the structure is complicated by interference of the F, and F, folds, with frequent in-folded sections of both LIF and UIF in
the MIF. Structural thickening along the eastern limb of the synform has resulted in substantial thickening of the MIF (Darch
et al.,2003a).

Geophysics
A strong aeromagnetic anomaly coincides with the Mill Basin prospect (Figure 52; Cotnoir ef al., 2002). Ground gravity
surveys have identified a strong gravity anomaly along the eastern limb of the synform that corresponds to the thickest inter-

sections of oxide-facies iron formation encountered during drilling, and modelling of gravity data indicates that the greatest po-
tential for a viable large tonnage iron deposit is along the structurally thickened eastern limb (Darch et al., 2003a).
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Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates, based on limited data, of 150 Mt grading 35% Fe for the Wabush 8 prospect
and 39 Mt grading 32.8% Fe for the Mile 2 prospect were reported by Elliot ez al. (1980). However, these estimates may un-
derestimate the tonnage potential of Mill Basin prospect, particularly on the eastern limb of the synform where there is significant
structural thickening of the MIF (Darch ef al., 2003a).

* 1949:

* 1950:
1957:
*  1959:
1961:
e 1972:
e 1977:

*  1978:

History of Exploration

Geological mapping (Neal, 1950a)

Geological mapping (Neal, 1951)

Geological mapping (Mumtazuddin, 1957)

Geological mapping, dip needle survey (Leuner and Skimmer, 1959)

Geological mapping, ground magnetometer survey (Macdonald and Hogg, 1962)

Aeromagnetic survey (unpublished IOC report)

Ground magnetometer survey (Price, 1977), diamond drilling (3 drillholes, 270 m, Atkinson, 1978)
Ground magnetometer survey (Price, 1979)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2002: Geological mapping and prospecting, diamond drilling (12 drillholes, 2960 m), ground gravity survey (Darch et al.,
2003a)
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24. MILLS LAKE

Alternate Name: Kami, Mills No. 1, Mills Lake No. 1, Kelly-Clavin Showing, Molar Lake
MODS Showing(s): 023B/14/Fe002
Status: Developed Prospect
Structural Basin: Mills Lake

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5851399
Easting (NAD27): 634485
Latitude: 52.7976

Longitude: -67.0053

Object Located: Drillhole K-10-95

Description of Occurrence

The Mills Lake deposit is located between Mills Lake and Molar Lake (Figure 53), approximately 17 km south of Labrador
City and 6 km east of Fermont. The area is accessible via a number of small 4x4 roads from Labrador City.

Geology and Stratigraphy

The area between Mills Lake and Molar Lake is predominantly underlain by Denault Formation marble and Sokoman
Formation iron formation (Figure 53A). Previous geological mapping had indicated that the Le Fer Formation schist outcropped
on the western shore of Mills Lake (Figure 53B); however, recent re-interpretations indicate that Le Fer Formation is not present
(Figure 53A; Lyons and Velcic, 2013). The Wishart Formation, which conformably underlies the Sokoman Formation, is gen-
erally thin (<20 m; Grandillo ef al., 2012) and is not represented on the geological maps.

The base of the Sokoman Formation is defined by a thin (<20 m) silicate-facies iron formation member overlain by car-
bonate-facies iron formation with minor disseminated magnetite. Two main oxide-facies iron formation members can be traced
through the deposit, a lower 30- to 130-m-thick oxide-facies iron formation member and an upper oxide-facies iron formation
member, which is generally <25 m thick. These two oxide-facies iron formation members are separated by 20 to 50 m of car-
bonate-facies iron formation. The upper oxide-facies iron formation member is overlain by >50 m of carbonate-facies iron for-
mation at the top of the Sokoman Formation. Zones of silicate-facies iron formation are reported from within the carbonate-
facies iron formation, which are thought to represent products of metamorphic reactions (Lyons et al., 2013a).

Mineralization

The lower oxide member is subdivided into three stratigraphic domains or levels (Lyons et al., 2013a) composed of mag-
netite-rich upper and lower domains separated by a middle domain containing abundant hematite (Lyons et al., 2013a). The
upper and lower magnetite domains are semi-massive to banded (Plate 40A), and contain fine- to medium-grained magnetite,
quartz and minor hematite and carbonate minerals (Lyons et al., 2013a). The middle, hematite-rich domain is much more vari-
able, but hematite is >> magnetite (Plate 40A) and secondary martite has been recorded in thin section (Plate 40C). Quartz,
rhodonite, rhodochrosite and Mn-rich aegirine are common gangue minerals (Plate 40D).

The upper oxide member is generally more diffuse, of a lower grade than the lower member and predominantly composed
of fine- to medium-grained disseminated magnetite and quartz and carbonate gangue minerals.

In drillcore, the oxide-facies iron formation is generally fresh and unaltered. Manganese contents are variable throughout,
with Mn contents of up to 18.4% in grab samples of the hematite-rich iron formation (Lyons et al., 2013a), and Mn contents of
hematite-rich measured and indicated resources averaging 4.58% Mn (Grandillo et al., 2012). The magnetite-rich iron formation
generally has lower Mn values (measured and indicated resources averaging 0.57% Mn; Grandillo et al., 2012), although Mn
contents are generally higher in the lower magnetite-rich domain of the lower oxide member (Lyons et al., 2013).
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Figure 53. Geological maps and aeromagnetic data from the Mills Lake deposit (see text for discussion). A) Geological map
based on Alderon mapping and diamond drilling (adapted from Lyons and Velcic, 2013); B) Geological map based on I0C
mapping and interpretation of regional airborne magnetic surveys (adapted from Cotnoir et al., 2002); C) Airborne magnetics
(second vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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GEOLOGICAL SURVEY

Plate 40. A) Banded, magnetite-rich oxide-facies iron formation from the lower domain of the lower oxide member (drillhole
K-10-95 @ 93.6 m); B) Hematite-rich oxide-facies iron formation with pink rhodonite, from middle domain of lower oxide mem-
ber (drillhole K-10-95 @ 76.25 m),; C) Photomicrograph of hematite replacing a euhedral grain of magnetite, forming martite
(rim) and kenomagnetite (core) (drillhole K-10-95 @ 76.25 m, reflected light); D) Photomicrograph of gangue carbonate and
Mn-rich aegirine with minor hematite (drillhole K-10-95 @ 76.25 m, plane-polarized light).

Metallurgical testwork of a single composite drillcore sample is reported by Grandillo ef al. (2011). This work included
mineralogical analysis, Heavy Liquid Separation (HLS) and Davis Tube (DT) magnetic separation. The Fe-oxide liberation of
90% was achieved only at a particle size of less than 75 pm, and therefore no other metallurgical tests were carried out.

Structure

Multiple generations of folding and faulting have been recognized in the Mills Lake area (Lyons and Velcic, 2013). The
deposit is located in an east-northeast-trending asymmetrical open anticline that plunges to the east-northeast. The Elfie Lake
Thrust, located approximately 3 km north of the Mills Lake Deposit, marks the northern limit of the Mills Lake Basin. A later,
north-trending thrust fault is interpreted to run through Mill Lake, thrusting the Denault Formation marble over the Sokoman
Formation from the east (Lyons and Velcic, 2013). A number of northwest-trending extensional faults have also been recorded
in the Mills Lake area, which postdate Grenvillian deformation.

Geophysics

Airborne magnetic surveys (Figure 53C) have identified significant anomalies associated with the Mills Lake deposit
(Cotnoir et al., 2002; Seymour et al., 2008; Lyons ef al., 2011). The magnetic anomaly is strongest on the western side of the
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deposit, where the highly magnetic lower oxide member is closest to the surface. Ground and airborne gravity surveys show
that the Mills Lake deposit is also associated with a moderate gravity anomaly (Seymour et al., 2009; Lyons et al., 2011).

Resource and/or Reserves

NI 43-101 compliant resource (Grandillo ef al., 2012).

e Measured resources: 50.7 Mt at 30.5% Fe, 0.97% Mn (cut-off grade = 15% Fe)
* Indicated resources: 130.6 Mt at 29.5% Fe, 0.80% Mn (cut-off grade = 15% Fe)
* Inferred resources: 74.8 Mt at 29.3% Fe, 0.67% Mn (cut-off grade = 15% Fe)

* 1949:
*  1953:
1957:
e 1959:
e 1972:

e 1979:

e 2000:
e 2001:
e 2006:
e 2007:

e 2008:

History of Exploration

Geological mapping (Neal, 1950a)

Geological mapping and prospecting (Crouse, 1954)

Diamond drilling (6 drillholes, Mathieson, 1957a)

Geological mapping, magnetometer survey (Nincheri, 1959)

Aeromagnetic survey (unpublished IOC report)

Ground magnetometer survey (Price, 1979h)

Data compilation, structural synthesis (Hulstein and Lee, 2001)

Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)
Geological mapping and prospecting (Way et al., 2007)

Geological mapping and prospecting, airborne magnetic survey (Seymour et al., 2008)

Diamond drilling (6 drillholes, 834.2 m), ground geophysical survey (gravity and total field magnetics) (Seymour et

al., 2009)

e 2010:
e 2011:

Diamond drilling (16 drillholes, 4310.9 m), airborne geophysical survey (gravity and magnetics, Lyons et al., 2011)
Diamond drilling (18 drillholes, 2844.4 m, Lyons et al., 2013a), metallurgical testwork and resource estimate

(Grandillo et al., 2011)

e 2012:
e 2013:

Resource estimate (Grandillo et al., 2012)
Sterilization report (Lyons and Velcic, 2013)
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25.NEAL1

Alternate Name: Lac Virot, Neal #1, Neal No. 1
MODS Showing(s): 023B/14/Fe008
Status: Showing

Structural Basin: n/a

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5868104
Easting (NAD27): 624167
Latitude: 52.9501

Longitude: -67.1519

Object Located: Drillhole LV-004

Description of Occurrence

The Neal 1 showing is located to the northeast of Lac Virot (Figure 54), approximately 16 km west of Labrador City. There
are no roads on the property, and access is via helicopter.

Geology and Stratigraphy
The Neal 1 showing occurs in a thin (<700 m) thrust-bound band of Kaniapiskau Supergroup metasedimentary rocks

(Sokoman and Menihek formations) surrounded by basement rocks of the Ashuanipi Complex (Figure 54). Garnet—biotite—
graphite schist of the Menihek Formation stratigraphically overlie the Sokoman Formation iron formation. The base of the

- Menihek Formation - Ashuanipi Complex
. . . 0 1 2
- Sokoman Formation (undifferentiated) @ 2012 drillhole collars (Ridgemont) P I
km

Figure 54. A) Geological map of the Neal 1 showing (adapted from Cotnoir et al., 2002), showing location of drillholes from
2012exploration programs (Steele, 2013); B) Airborne magnetics (second vertical derivative), showing extent of iron formation
(data from Cotnoir et al., 2002).
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Sokoman Formation was not intercepted in any drillholes, and no outcrops of Wishart Formation quartzites have been recorded
on the property (Steele, 2013). Thin (<10 m) Shabogamo Gabbro sills are rare, and intrude the Menihek and Sokoman formations
as well as the Ashuanipi Complex basement rocks (Steele, 2013).

The Sokoman Formation is composed of carbonate, silicate and oxide-facies iron formation in varying proportions. The
stratigraphy of the iron formation is difficult to determine due to complex folding, but silicate- and carbonate-facies iron for-
mation predominately occur close to the contact with the Menihek Formation, whereas oxide-facies iron formation is more
common with increasing stratigraphic depth (Steele, 2013).

Mineralization

Oxide-facies iron formation is composed of medium-grained quartz and magnetite, with lesser hematite, carbonate and Fe-
silicate minerals (Steele, 2013). The oxide-facies members are generally <20 m thick with rare intervals up to 30 m thick, and
are interbedded with thin (<5 m) silicate- and carbonate-facies members.

There is no published metallurgical testwork available from the Neal 1 showing.

Assay results show that most of the iron formation grades <30% Fe, with some intervals of higher grade oxide-facies iron
formation (e.g., 32.8% Fe from 82.8 to 116 m in drillhole LV-001). The thickest intervals of oxide-facies iron formation were
recorded in drillhole LV-004 (24.6% Fe over 101.8 m at 4.5 m depth) and drillhole LV-011 (25.6% Fe over 106.6 m at 78 m
depth).

Structure

Bedding and foliations at the Neal 1 showing dip moderately to the south, and the iron formation is located in an overturned
F1 fold with axial planes dipping ~30—40° southeast (Steele, 2013). Menihek Formation schist forms the core of the fold, and
the Sokoman and Menihek formations have been thrust onto the basement rocks by a series of regular-sequence, and out-of-
sequence, thrusts (similar to the Emma Lake showing).

Geophysics

The Neal 1 showing is located within a prominent magnetic high, which is evident on regional acromagnetic surveys (Coates
et al., 2011; Figure 54). An airborne gravity gradiometer survey showed that this magnetic high coincided with a large gravity
anomaly, which was targeted by the 2012 drilling program (Steele, 2012).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates based on limited data of 15.84 Mt grading 36.9% Fe were reported by Hulstein
and Lee (2001).

History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1953: Geological mapping (Jackson, 1954)

e 1972: Aeromagnetic survey (unpublished IOC report)

*  1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Regional airborne magnetic surveys (Cotnoir et al., 2002)

e 2011: Airborne resolution magnetic, radiometric and VLF-EM survey, geological mapping and prospecting (Coates et al.,
2011)

e 2012: Airborne gravity gradiometer survey (Steele, 2012), diamond drilling (15 drillholes, 3744.1 m, Steele, 2013)
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26. POLLY LAKE

Alternate Name: Polly No. 1, Duley No. 1, Kissing Lake
MODS Showing(s): 023B/14/Fe001, 023B/14/Fe025
Status: Developed Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5859963

Easting (NAD27): 631068

Latitude: 52.8755

Longitude: -67.0525

Object Located: Drillhole PL-11-24

Description of Occurrence

The Polly Lake prospect straddles the Labrador—Québec border, with the southern part of the showing located around Polly
Lake (Figure 55; Plate 41A). It is approximately 12 km southwest of Labrador City, and can be accessed via a series of gravel
roads to the south of the TLH (access road to Exploration Québec/Labrador Inc. quartzite quarry).

Shabogamo Gabbro Ashuanipi Complex

2001 drillhole collars (I0C)

2005 drillhole collars (I0C) 0 1
2011/2012 drillhole collars (I0C) km

Trans-Labrador Highway

Menihek Formation
Sokoman Formation (oxide facies)

Sokoman Formation (non-oxide facies)

Wishart Formation

Le Fer Formation Provincial boundary

EOO0ED .

Denault Formation

Figure 55. 4) Geological map of the Polly Lake prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2001, 2005 and 2011/2012 exploration programs (Cotnoir et al., 2002; Darch, 2005b, Bineli Betsi, 2012); B) Airborne

magnetics (second vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Polly Lake area is predominantly underlain by Sokoman Formation iron formation (Figure 55). Menihek Formation
schist has been recorded in drillcore conformably overlying the Sokoman Formation, but has not been recognized in outcrop
(Darch, 2005b). The Sokoman Formation is conformably underlain by Wishart Formation quartzite, outcropping extensively to
the east of the showing where a number of silica quarries are operational. The Wishart Quartzite is, in turn, conformably underlain
by Le Fer Formation schist. A number of Shabogamo Gabbro sills (up to 70 m thick) intrude the Sokoman Formation, usually
occurring stratigraphically above and below the MIF (Darch, 2005b).

The stratigraphy of the Sokoman Formation is similar to that described from the Humphrey deposit by Muwais (1974), but
stratigraphic thicknesses are difficult to determine due to complex folding and structural thickening and attenuation. The UIF
and LIF are composed of variable silicate- and carbonate-facies iron formation, with thin oxide-facies layers. The MIF is pre-
dominantly composed of oxide-facies iron formation, with a magnetite-rich basal section (Darch, 2005b).

Mineralization

Diamond drilling has shown that thick (>300 m) sequences of oxide-facies iron formation occur at the Polly Lake prospect
(Cotnoir et al., 2002; Darch, 2005b; Bineli Betsi, 2012). Oxide-facies iron formation has variable magnetite and hematite con-

CENTIMETRES
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‘35;.» 2y ; a Newfoundland and Labrador ' ; s R U s »
Plate 41. A) Overview of the Polly Lake area, overlooking Polly Lake; B) Outcrop of banded quartz—hematite—actinolite—
carbonate iron formation (close to collar of drillhole PL-11-05); C) Banded magnetite-rich oxide-facies iron formation (drillhole
PL-11-14 @ 41.2 m); D) Folded oxide-facies iron formation, with quartz-rich and magnetite-rich layers (drillhole PL-11-14 @
71.2 m).

GEOLOGICAL SURVEY
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tents, with hematite-rich iron formation common near the top of the MIF (Plate 41B) and magnetite content increasing with
depth (Plate 41C, D) (Darch, 2005b; Bineli Betsi, 2012). Magnetite and hematite range from fine grained to very coarse grained,
and gangue minerals include quartz, Fe-silicate (grunerite and actinolite) and carbonate minerals.

Strong to moderate alteration is recorded in the upper 50—150 m of most drillholes. Manganese contents are generally high
(>0.5 % Mn), with some intervals returning up to 8.45% Mn over 4 m (drillhole PL-11-24 from 214 to 218 m; Bineli Betsi,
2012).

Cotnoir et al. (2002) reported RMI determination, minus 200 mesh weight fraction and iron weight recovery values from
a total assayed length of 288.7 m in two drillholes. These showed that weight recovery values are comparable to IOC’s chemical
and physical crude ore characteristics, but the RMI and minus 200 mesh weight fraction are higher. Despite this, Cotnoir ef al.
(2002) concluded that iron ore from the Polly Lake prospect should be amenable for beneficiation to produce a high-grade iron
concentrate. During the 2011-2012 drilling program, 393 composite drillcore samples were sent for SAG Power index (SPI)
and iron recovery testing (TT).

Assay data from diamond drilling show significant thicknesses of ore-grade iron formation, with highlights including 38.9%
Fe over 258.3 m in drillhole PL-05-04 (38.7 to 297 m), 35% Fe over 309 m in drillhole PL-12-51 (39 to 348 m) and 31% Fe
over 388.8 m in drillhole PL-12-53 (92 to 480.8 m).

Structure

The Polly Lake prospect is located in a shallowly plunging (18 to 35°), northeast-trending and northwest-verging syncline
(Cotnoir et al., 2002). At least two generations of folding have been recorded, an early generation of northwest—southeast-
oriented isoclinal folds (F,), which have been refolded by a broader, more open, northeast—southwest structural event (F,)
(Cotnoir et al., 2002; Darch, 2005b). Detailed structural analysis based on 2012 drilling indicates that the F, synform is composed
of two different synforms, rather than one continuous synform (Bineli Betsi, 2012). This complex folding has resulted in nu-
merous repetitions of the mineralized MIF horizon (Darch, 2005b).

Geophysics

The Polly Lake prospect is located within a strong magnetic high on regional airborne magnetic surveys (Figure 55), which
outline the synclinal structure of the showing and can be correlated with the magnetite-rich basal part of the MIF (Cotnoir et
al., 2002; Darch et al., 2003b). Cotnoir ef al. (2002) also recorded a number of large gravity anomalies in the Polly Lake area,
with a 5-8 milligal anomaly surrounding Polly Lake and corresponding to the thickest intersections of ore-grade oxide-facies
iron formation encountered during drilling.

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates, based on limited data, of 115.5 Mt grading 38% Fe were reported by Hulstein
and Lee (2001). Preliminary interpretation based on gravity data and assay results indicated the potential for a geological resource
of greater than 300 Mt with grades ranging from 35 to 45% Fe (Cotnoir et al., 2002), and geophysical modelling suggested that
the Polly Lake prospect could host a geological resource of 1000 Mt of iron ore (Cotnoir et al., 2002).

History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1953: Geological mapping and prospecting (Crouse, 1954)

e 1957: Diamond drilling (20 drillholes) and geological mapping (Mathieson, 1957a)

*  1958: Geological mapping and diamond drilling (12 drillholes, 286.1 m) on the Québec portion of deposit (Tuffy, 1958)
e 1972: Aeromagnetic survey (unpublished IOC report)

e 1973: Geological mapping, ground gravity and magnetic surveys (Hamilton, 1973)
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1979: Ground magnetometer survey (Price, 19791)

1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, geological mapping and prospecting, diamond drilling (2 drillholes, 621 m), ground gravity survey,
regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)

2003: Geological mapping and prospecting (Darch et al., 2003b)

2004: Geological mapping and prospecting (Darch, 2004)

2005: Diamond drilling (2 drillholes, 547 m, Darch, 2005b)

2011-2012: Diamond drilling (65 drillholes, including 48 drillholes in Labrador, 12 418 m, Bineli Betsi, 2012)
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27. ROSE

Alternate Name: Rose Central, North Rose, Rose Lake, Elfie Lake, Narrow Lake South
MODS Showing(s): 023B/14/Fe020
Status: Developed Prospect
Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5855360
Easting (NAD27): 632907
Latitude: 52.8336

Longitude: -67.0271

Object Located: Drillhole K-10-39A

Description of Occurrence

The Rose deposit is located north of Elfie Lake (Figure 56), approximately 14 km southwest of Labrador City and 6 km
northeast of Fermont. The area is accessible via a number of small 4 x 4 roads from Labrador City.

Geology and Stratigraphy

The area north of Elfie Lake has poor outcrop exposure, (Plate 42A) and most information on the geology and stratigraphy
of the Rose deposit comes from diamond drilling and interpretation of geophysical data. Previous geological mapping had in-
dicated that the Rose deposit was located in the same belt of Sokoman Formation iron formation as the Mills Lake deposit to
the south (Figure 56B; Rivers, 1985; Cotnoir ef al., 2002). However, recent geological interpretations, based on exploration ac-
tivity since 2006, have shown that the Rose deposit is located north of a major thrust fault (Elfie Lake Thrust; Figure 56A),
which separates the Wabush Basin from the Mills Lake Basin to the south (Lyons and Velcic, 2013).

Diamond drilling has shown that a folded sequence of Kaniapiskau Supergroup metasedimentary rocks occurs north of the
Elfie Lake Thrust (Lyons et al., 2013b). Menihek Formation graphitic schist occurs at the top of the sequence, and is strati-
graphically underlain by the Sokoman Formation with a transitional contact (Lyons et al., 2013b). The Sokoman Formation
conformably overlies Wishart Formation quartzite, which outcrops near the centre of the Rose deposit and has been recorded
in drillcore along the northwestern boundary of the deposit (Lyons ef al., 2013b). Diamond drilling has also intersected Denault
Formation dolomite below the Wishart Formation (Lyons ef al., 2013b), and numerous thin (<20 m) sills of Shabogamo Gabbro
are also recorded intruding the Menihek, Sokoman and Wishart formations (Lyons et al., 2013a, b).

The deposit is subdivided into three main zones (Rose North, Rose Central and South Rose/Elfie Lake zones), and the
stratigraphy of the iron formation is correlated across these zones despite variations in the thickness of individual members and
degrees of alteration (Lyons et al., 2013b). The Sokoman Formation is strongly attenuated in the South Rose/Elfie Lake Zone
(Lyons et al., 2013b), and the following stratigraphic description is based on the Rose North and Central zones. A thin silicate-
facies iron formation member marks the base of the Sokoman Formation, and is correlated with basal silicate-facies iron for-
mation recorded along strike to the north at the Duley prospect and the Scully Mine deposit. There are three main oxide-facies
members of the Sokoman Formation observed at the Rose deposit, and from the base to the top are called RC-1, RC-2 and RC-
3 in the Rose Central Zone, and RN-1, RN-2 and RN-3 in the Rose North Zone (Lyons ef al., 2013b). These oxide-facies iron
formation members are separated by thin (<10 m), discontinuous silicate and carbonate members with low contents of Fe-oxide
minerals. The upper part of the Sokoman Formation is predominantly composed of silicate- and carbonate-facies with thin
bands of oxide-facies iron formation.

Mineralization
The three main oxide-facies members at the Rose Central (RC-1, RC-2 and RC-3) and Rose North (RN-1, RN-2, RN-3)

zones are distinguished based on their various mineralogical contents and degrees of alteration. At Rose Central, the lower
oxide-facies member (RC-1) is hematite-rich (Plate 42B) with <5% magnetite and gangue rhodonite (Grandillo ef al., 2012;
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Figure 56. Geological maps and aeromagnetic data from the Rose deposit (see text for discussion). A) Geological map based
on Alderon mapping and diamond drilling (adapted from Lyons and Velcic, 2013); B) Geological map based on I0C mapping

and interpretation of regional airborne magnetic surveys (adapted from Cotnoir et al., 2002); C) Airborne magnetics (second
vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002)
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Plate 42. A) View of the Rose Central Zone of the Rose deposit, looking west; B) Banded quartz—hematite from RC-1 member
(drillhole K-11-171 @ 232 m); C) Quartz—magnetite—hematite iron formation from RC-2 member (drillhole K-11-171 @ 205.6
m),; D) Moderately altered quartz—hematite from RN-2 member (drillhole K-11-115 @ 329.2 m); E) Quartz—magnetite—carbonate
iron formation from RC-3 member (drillhole K-11-171 @ 140.6 m); F) Strongly altered basal silicate-facies iron formation
from Rose North Zone (drillhole K-11-115 (@ 401.4 m).
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Lyons et al., 2013b). At Rose North the lowest oxide-facies member (RN-1) is moderately altered and friable with secondary
goethite, psilomelane and, rarely, pyrolusite (Lyons et al., 2013b).

The middle oxide-facies member at Rose Central (RC-2) is highly variable, with interlayered hematite-rich and magnetite-
rich oxide-facies iron formation (Lyons et al., 2013b). Magnetite-rich iron formation is more common than in RC-1, and gangue
minerals are quartz, Fe-carbonate and Fe-silicate minerals and minor rhodochrosite (Plates 42C and 43 A, B). In the Rose North
zone, the RN-2 oxide member is moderately altered, with an increase in the hematite content compared to RC-2 (Plate 42D),
and rhodochrosite commonly oxidized to psilomelane and pyrolusite.

Plate 43. A) Photomicrograph of quartz—hematite—magnetite schist from RC-2, with hematite replacing magnetite and gangue
quartz and carbonate (drillhole K-11-171 @ 205.1 m, reflected light); B) Same view as (A), in cross-polarized light.

RC-3 and RN-3 are the upper oxide members in the Rose Central and Rose North zones, respectively. These members are
both similar with fine-grained magnetite >> hematite within a fine-grained Fe-silicate gangue (Plate 42E). RN-3 displays a
much lower degree of secondary alteration compared to RN-2 and RN-1. Manganese-bearing minerals are rare in both RC-3
and RN-3, and the proportion of Fe-silicate and Fe-carbonate minerals increase toward the top of this member.

Manganese concentrations are highest in the lower and middle oxide-facies members in the Rose Central Zone, with Mn
concentrations in Measured and Indicated resources of 2.59% in RC-1 and 1.52% in RC-2, dropping to 0.69% Mn in RC-3
(Grandillo et al., 2012). Manganese is typically hosted in Mn-silicate and Mn-carbonate minerals, with >23% of the Mn chem-
ically bonded to magnetite (Grandillo et al., 2013). Manganese concentrations in the Rose North Zone are generally lower than
the equivalent stratigraphic members in the Rose Central Zone, with Mn concentrations in Measured and Indicated resources
of 1.21% in RN-1, 0.72% in RN-2 and 0.55% in RN-3 (Grandillo et al., 2012). However, Mn as Mn-oxides is present in signif-
icant quantity in all three members at Rose North, which has metallurgical implications as Mn-oxides are generally heavy min-
erals, which will typically report to gravity concentrate in higher percentages than other Mn minerals (Grandillo ez al., 2012).

Extensive metallurgical work has been carried out at the Rose deposit, which is outlined in detail in recent feasibility studies
(Grandillo et al., 2012, 2018).

Structure

The Rose North, Rose Central and South Rose/Elfie Lake zones of the Rose deposit occur on different limbs of a series of
northeast—southwest-trending, upright to slightly overturned shallow northeast-plunging anticlines and synclines (F,) that refold
smaller scale F, folding (Lyons et al., 2013b). The Rose Central and South Rose/Elfie Lake zones represent limbs of an anticline,
the hinge of which has been outlined by diamond drilling (Lyons et al., 2013b), whereas the Rose North zone is interpreted as
representing the limb of a syncline (although the hinge of this syncline has not been intercepted during drilling; Lyons ef al.,
2013). The oxide-facies iron formation is highly attenuated through the hinge into the South Rose/Elfie Lake zone, and the
entire Rose system also appears to attenuate along strike to the southwest (Lyons et al., 2013b).
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The Rose deposit appears to be dismembered by thrust faulting parallel to the D, deformation from the south-southeast
(Lyons et al., 2013b).In addition, at least three, and possibly five, late extensional faults displace the folded iron formation,
with displacements ranging from 50 to 100 vertical metres (Lyons and Velcic, 2013).

Geophysics

Airborne magnetic surveys show that the Rose deposit is located within a strong magnetic high (Seymour ef al., 2008;
Lyons et al., 2011; Cotnoir et al., 2002; Figure 56C), which correlates with the magnetite—hematite mineralization intersected
during diamond drilling (Lyons ef al., 2013b). Ground and airborne gravity surveys show that the Rose deposit is also associated
with a moderate gravity anomaly (Seymour ef al., 2009; Lyons et al., 2011).

Resource and/or Reserves
NI 43-101 compliant resource (Grandillo ef al., 2012).

Rose Central

*  Measured resources: 249.9 Mt at 29.4% Fe, 1.60% Mn (cut-off grade = 15% Fe)
* Indicated resources: 294.5 Mt at 28.5% Fe, 1.28% Mn (cut-off grade = 15% Fe)
* Inferred resources: 160.7 Mt at 28.9% Fe, 1.43% Mn (cut-off grade = 15% Fe)
Rose North

*  Measured resources: 236.3 Mt at 30.3% Fe, 0.87% Mn (cut-off grade = 15% Fe)
* Indicated resources: 312.5 Mt at 30.5% Fe, 0.96% Mn (cut-off grade = 15% Fe)
* Inferred resources: 287.1 Mt at 29.8% Fe, 0.76% Mn (cut-off grade = 15% Fe)

NI 43-101 compliant reserves (Grandillo et al., 2018).

Rose Central and Rose North (combined)
*  Proven reserves: 392.7 Mt at 29% Fe, 1.20% Mn (cut-off grade = 15% Fe)
*  Probable reserves: 124.5 Mt at 28.2% Fe, 1.07% Mn (cut-off grade = 15% Fe)

History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1953: Geological mapping and prospecting (Crouse, 1954)

e 1959: Geological mapping, magnetometer survey (Nincheri, 1959)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1979: Diamond drilling (1 drillhole, 27.9 m, Grant, 1979¢f)

e 1983: Diamond drilling (1 drillhole, 51.2 m, Avison et al., 1984)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2006: Geological mapping and prospecting (Way et al., 2007)

e 2007: Geological mapping and prospecting, airborne magnetic survey (Seymour et al., 2008)

e 2008: Diamond drilling (12 drillholes, 3549.2 m), ground geophysical survey (gravity and total field magnetics, Seymour
et al., 2009)

e 2009: Metallurgical testwork (Seymour et al., 2010)

e 2010: Diamond drilling (56 drillholes, 20 410.6 m at Rose Deposit; 10 drillholes, 1423.9 m southwest of Rose Deposit),
airborne geophysical survey (gravity and magnetics, Lyons ef al., 2011)

e 2011: Diamond drilling (68 drillholes, 19 408.1 m, Lyons ef al., 2013a), metallurgical testwork and resource estimate
(Grandillo et al., 2011)

e 2012: Diamond drilling (44 drillholes, 12 169.4 m, Lyons et al., 2013b), metallurgical testwork and feasibility study (in-
cluding resource and reserve calculations, Grandillo ef al., 2012)

e 2013: Sterilization report (Lyons and Velcic, 2013)
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28. SCULLY

Alternate Name: Scully Mine, Wabush Mine, Wabush (Lake) Iron Deposit, Burden No. 1
MODS Showing(s): 023B/15/Fe001
Status: Past Producer (Dormant)
Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5864970

Easting (NAD27): 640380

Latitude: 52.9180

Longitude: -66.9121

Object Located: MODS Showing (East Pit)

Description of Occurrence

The Scully deposit is located between Little Wabush Lake and Long Lake (Figure 57), with access via the Wabush Mine
operations. The deposit is located in a band of iron formation that continues to the south along strike to the Duley prospect and
the Rose deposit (Kami property). The Scully deposit was in production from 1965 to 2014, during which time five individual
open pits were in operation (East Pit (east), East Pit (west), South Pit, West Pit and West Pit Extension; Figure 58). In addition,
an area to the north of the West Pit Ext called “The Boot” was stripped in preparation for mining.

Geology and Stratigraphy

The bedrock geology of the Scully deposit is dominated by the Sokoman Formation iron formation (Figure 57). On the
north side of the deposit, the iron formation is conformably underlain by Wishart Formation quartzite, which occurs above a
thick sequence of coarse-grained schist of the Le Fer Formation (O’Leary et al., 1972). To the south of the deposit, a thin se-
quence of quartzite (Wishart Formation) separates the iron formation from a thick sequence of Denault Formation dolomite
(O’Leary et al., 1972). Shabogamo Gabbro sills intrude the base of the iron formation to the east of the Scully deposit, but have
not been recorded in the mine area (O’Leary, 1979). A number of fault-controlled dykes (strongly altered to chlorite) have also
been recorded in the South Pit (O’Leary, 1973).

Shabogamo Gabbro

Sokoman Formation (undifferentiated)
Wishart Formation

Denault Formation

Le Fer Formation

Roads

Railway

\\OEOEE

Figure 57. Geological map of the Scully deposit (adapted
from Cotnoir et al., 2002).
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Figure 58. Google Earth image of mining operations at Scully deposit, showing location of active pits as well as undeveloped
area (The Boot) and plant site. Images taken in 2002 (west) and 2004 (east).

The Sokoman Formation is subdivided into three main oxide-bearing members (Lower, Middle and Upper members) and
two non-oxide members (Basal Silicate facies Iron Formation (BSIF) and Middle Quartzite (MQ) members).The non-oxide
members can be traced throughout the mine area and act as important marker horizons. The BSIF member marks the base of
the Sokoman Formation. It is ~25 m thick and is composed primarily of quartz and grunerite, commonly strongly altered to
goethite (Plate 44A). The Lower Member of the Sokoman Formation is ~50 to 80 m thick and is subdivided into three sub-
members (O’Leary, 1973; Farquharson and Thalenhorst, 2006). From base to top, these are Unit 53 (quartz—hematite + magnetite
with a relatively high Mn content; Plate 44B, C), Unit 52 (predominantly composed of quartz and goethite; Plate 44D), and
Unit 51 (quartz—hematite-magnetite—Mn-oxides). This is overlain by the MQ member (Unit 41; Plate 44E). Conformably above
this marker horizon the oxide-bearing Middle Member occurs, which is ~120 m thick and is divided into four sub-members.
From the base to the top, these are Unit 34 (goethite-rich with occasional Fe-oxide and Mn-oxide bands), Unit 33 (quartz—
hematite), Unit 32 (quartz with lesser magnetite and hematite), and Unit 31 (quartz—hematite; Plate 44F). The oxide-bearing
Upper Member is ~135 m thick and has a much lower iron-oxide content than the Lower and Middle members. It is strongly
altered, and likely represents carbonate-facies iron formation with minor oxide-facies iron formation (O’Leary, 1973).

Mineralization

A number of ore-bearing units have been mined from the Lower and Middle members of the Sokoman Formation. In the
Lower Member, Units 53 and 51 are considered ore units, with high iron weight recovery and relatively high Mn contents in con-
centrate (2.7% Mn; Farquharson and Thalenhorst, 2006). Ore from the Middle Member is considered the best quality ore, with
high iron weight recoveries and lower Mn contents in concentrate than ore units in the Lower Member (Farquharson and
Thalenhorst, 2006). Units 33 and 31 are the main ore units in the Middle Member, with high iron weight recoveries and Mn con-
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Plate 44. A) Strongly altered basal silicate-facies iron formation from West pit; B) Banded quartz—hematite—pyrolusite schist
(Unit 53) from East pit (east); C) Quartz—hematite—pyrolusite schist with circular pits after leached carbonate minerals (Unit
53); East pit (east); D) Quartz—goethite waste unit (Unit 52) from East pit (east); E) Middle quartzite marker horizon from West

pit; F) Banded quartz—hematite schist from West pit (Unit 31)
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tents in concentrates consisting of 1.5 and 1.3% Mn, respectively (Farquharson and Thalenhorst, 2006). Unit 34 is normally con-
sidered waste, but is of ore grade in some places. In the Upper Member, the middle oxide unit (Unit 22) is locally ore grade, with
generally low to medium iron weight recoveries and low Mn (0.8% Mn in concentrate; Farquharson and Thalenhorst, 2006).

Ore units are commonly strongly altered, and where silicate and carbonate minerals are completely leached, and magnetite
oxidized to hematite. Secondary goethite (possibly an alteration product from Fe-carbonate and Fe-silicate minerals) is also
common in some units. This alteration is related to late-stage fluid infiltration. Strongly altered ore is generally friable, except
in areas proximal to late-stage faults (O’Leary, 1973). Remobilization of manganese during alteration is common, with high
Mn grades (up to 7%) recorded close to the major fault zone in the East Pit (Gignac et al., 2018). However, the higher Mn levels
in some stratigraphic units indicates that the the overall Mn distribution is controlled by the Mn content of the unaltered iron
formation (Farquharson and Thalenhorst, 2006).

In the South Pit, alteration is much less pronounced, with relatively fresh equivalents of the units containing relatively
higher magnetite contents and common Fe-silicate and Fe-carbonate minerals.

Ore from the Scully deposit was processed at the Scully Mine mineral processing facility and the ore characteristics and
beneficiation processes have been summarized by Farquharson and Thalenhorst (2006) and Gignac et al. (2018).

Structure

Three generations of folding have been identified in the Scully deposit (O’Leary et al., 1972; O’Leary, 1973; Gignac et al.,
2018). In the West and South pit areas, east-west-trending F, folds form broad open synclinal and anticlinal structures, which
are superimposed on an early generation of tight to isoclinal F1 folds. In the East Pit, northwest-trending F, and F, folds form
a complex interference pattern, which is evident in outcrop patterns (O’Leary ef al., 1972). The F, folds have only been recog-
nized in the West Pit, where a north—south-trending fold rotates the plunging fold axis of F, and F, folds from an easterly to a
westerly direction over <100 m (O’Leary et al., 1972).

Numerous late-stage faults have been recorded in the Scully deposit, divisible into two major sets consisting of an early
set, which strikes 030° and dips at a high angle to the southeast, and a later set, which strikes 150° and dips steeply to the
northeast (O’Leary, 1979). The later fault set is associated with significant displacement, observed by a major northwest-trending
reverse fault in the East Pit that has a displacement of >75 m, resulting in the Middle Member of the Sokoman Formation (east
of the fault) resting against Wishart Formation quartzite (west of the fault) (O’Leary et al., 1972).

Geophysics

There is only limited geophysical data available from the Scully deposit, which was not covered by aecromagnetic surveys
of the Labrador City area (Cotnoir ef al., 2002). Gignac et al. (2018) reported on ground magnetometer surveys of the Boot Pit
that outlined moderate magnetic anamolies that were used to to provide detail for structural interpretation. In addition, ground
gravity surveys on the Boot Pit area, south and north of West Pit Ext, West Pit, South Pit and east of South Pit, revealed several
anomalies suggesting the presence of buried masses of iron beneath shallow cover sediments (Gignac et al., 2018).

Resource and/or Reserves

NI 43-101 compliant resource (Gignac et al., 2018).
e Measured resources: 213.7 Mt at 35.1% Fe, 2.0% Mn (cut-off grade = 20% Fe)
* Indicated resources: 520.8 Mt at 34.3% Fe, 2.4% Mn (cut-off grade = 20% Fe)
» Inferred resources: 237.0 Mt at 34.1% Fe, 2.1% Mn (cut-off grade = 20% Fe)

NI 43-101 compliant reserves, Gignac et al. (2018).

*  Provenreserves: 145.0 Mt at 35.1 % Fe, 2.4% Mn
¢ Probable reserves: 298.6 Mt at 34.7% Fe, 2.7% Mn
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History of Exploration

1953: Geological mapping and prospecting (Boyko, 1953), magnetometer survey (MacLeod, 1954), diamond drilling
(Davidson, 1954)

1954: Diamond drilling and metallurgical testwork (Greer, 1954)

1957 to 1965: Exploration activity, development of pilot plant and construction of mine facilities

1965: Production begins at Scully Mine

2006: Ground gravity survey (described in Gignac et al., 2018)

2010: Ground magnetometer survey (described in Gignac ef al., 2018)

2014: Cessation of mining activities at Scully Mine

2018: Feasibility study (Gignac et al., 2018)
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29. SHABO HILL

Alternate Name: Northwest Arm No 2, Northwest Arm No 3, Northwest Arm No 4
MODS Showing(s): 023G/02/Fe036, 023G/02/Fe037, 023G/ 07/Fe008
Status: Showing

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/07

Northing (NAD27): 5902599

Easting (NAD27): 660827

Latitude: 53.2502

Longitude: -66.5895

Object Located: Drillhole 10LB0004

Description of Occurrence

The Shabo Hill showing is located at the northern end of Northwest Arm, a major inlet of Shabogamo Lake (Figure 59). It
is approximately 42 km northeast of Labrador City, and access is via helicopter or by boat from Julienne Lake.

Geology and Stratigraphy

The Shabo Hill area is mostly till covered, with only a few scattered outcrops to the east of the northern end of Northwest
Arm. These outcrops are of carbonate- and oxide-facies iron formation, and have been assigned to the UIF of the Sokoman

Shabogamo Gabbro |:| Le Fer Formation N
Menihek Formation - Ashuanipi Complex 0_1:$
Sokoman Formation (oxide facies) @ 2010 drillhole collars (Rio Tinto) km

Sokoman Formation (non-oxide facies)

Figure 59. A) Geological map of the Shabo Hill showing (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2010 exploration program (Hovis and Broadbent, 2010; Hovis and Goldner, 2011b); B) Airborne magnetics (second
vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Formation. Interpretation of aeromagnetic data indicates that the Sokoman Formation is likely overlain by the Menihek
Formation, whereas diamond drilling at the eastern portion of the showing intersected thick Shabogamo Gabbro sills intruding
the Sokoman Formation. To the west of the showing, the Kanipiskau Supergroup metasedimentary rocks are in thrust contact
with basement rocks of the Ashuanipi Complex (Darch et al., 2003b).

The stratigraphy of the Sokoman Formation in the area is poorly understood, and information on the distribution of oxide-,
silicate- and carbonate-facies is based on 4 diamond-drill holes (Hovis and Broadbent, 2010; Hovis and Goldner, 2011b). Thick
(>85 m) sequences of carbonate- and silicate-facies iron formation occur above and below a package of dominantly oxide-facies
iron formation (up to 38.5 m thick) that may represent the MIF.

Mineralization

Massive to banded oxide-facies iron formation generally contains <40% iron oxides, with magnetite > hematite and gangue
minerals dominated by quartz and carbonate (Hovis and Broadbent, 2010). In drillcore, oxide-facies iron formation is generally
fresh and unaltered, and Mn contents are generally low (<0.5% Mn).

There is no published metallurgical testwork available from the Shabo Hill showing.

Fe grades are generally low (<30% Fe), with the best assay results from drillhole 10LB000S5 (38.5 m at 27.5% Fe from 13
to 51.5 m) and drillhole 10LB0004 (34.2 m at 26.2% Fe from 2.3 to 36.5 m).

Structure

Structural measurements from the few outcrops present display a northeast-striking foliation. Interpretation of acromagnetic
data indicates that the showing is located in a synclinal structure (Hovis and Broadbent, 2010).

Geophysics

The area north and east of Northwest Arm is characterized by a strong magnetic high (Figure 59), which likely correlates
with the highly magnetic oxide-facies iron formation. Ground gravity surveys have identified a number of anomalies, one of
which was tested by drilling in 2010 that intersected interlayered iron formation and Shabogamo Gabbro (Hovis and Goldner,
2011a).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1952: Geological mapping and prospecting (Beemer, 1952)

e 1956: Geological mapping and prospecting (Shklanka, 1956)

e 1972: Aeromagnetic survey (unpublished IOC report)

*  1979: Prospecting (Grant, 1979g)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2003: Geological mapping, ground gravity survey (Darch et al., 2003b)

e 2007: Prospecting, ground gravity survey (Reynolds and Mitchell, 2008)

e 2010: Prospecting, diamond drilling (4 drillholes, 568.2 m, Hovis and Broadbent, 2010; Hovis and Goldner, 2011b)

e 2011: Ground gravity survey (Hovis and Goldner, 2011c), magnetic and electromagnetic airborne survey (Smith et al.,
2012)

e 2012: Airborne gravity gradiometer survey (Sauve et al., 2012)
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30. SHABO PENINSULA NORTH

Alternate Name: Shabogamo South Zone, Block No. 41, Northwest Arm No. 1
MODS Showing(s): 023G/02/Fe035
Status: Showing

Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5897615
Easting (NAD27): 660955

Latitude: 53.2052

Longitude: -66.5902

Object Located: Drillhole 11LB0019

Description of Occurrence

The Shabo Peninsula North showing is located on the southern end of a peninsula between Shabogamo Lake and Northwest
Arm (Figure 60). It is approximately 37 km northeast of Labrador City, and access is via helicopter or by boat from Julienne Lake.

Geology and Stratigraphy
Geological mapping indicates that the property is underlain by graphitic schist of the Menihek Formation, conformably

overlain by the Sokoman Formation iron formation (Figure 60). Although Wishart Formation quartzite does not outcrop, it has
been recorded in cores from diamond drilling to conformably underlie the Sokoman Formation.
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Shabogamo
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53°12'N F -

D Menihek Formation D Trans-Labrador Batholith 0 1 5
- Sokoman Formation (oxide facies) @ 2010 drillhole collars (Rio Tinto) [
D Sokoman Formation (non-oxide facies) @ 2011 drillhole collars (Rio Tinto) km

Figure 60. A) Geological map of the Shabo Peninsula North showing (adapted from Cotnoir et al., 2002), showing location of
drillholes from 2010 and 2011 exploration programs (Hovis and Broadbent, 2010; Hovis and Goldner, 2011c); B) Airborne
magnetics (second vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Diamond drilling has intersected significant thicknesses of Sokoman Formation, but the stratigraphy is difficult to determine
due to complex folding. The base of the Sokoman Formation, close to the contact with the Wishart Formation, is characterized
by a thin (<10 m) silicate-rich member having large garnet porphyoblasts (Hovis and Goldner, 2011c), which is similar to the
Basal Silicate Member recognized in the Rose and Scully deposits. Above this, the Sokoman Formation is composed of sili-
cate-, carbonate- and oxide-facies iron formation in various proportions. Silicate- and carbonate-facies iron formation is more
common close to the top and base of the Sokoman Formation, with oxide-facies iron formation more common in the middle of
the formation.

Mineralization

Oxide-facies iron formation is composed of fine- to medium-grained, disseminated to semi-massive magnetite and hematite
(generally <30% Fe-oxides), with variable proportions of quartz, Fe-silicate (grunerite and actinolite) and carbonate minerals
(Hovis and Goldner, 2011c). Magnetite is typically much more common than hematite, but some hematite-rich sections have
been recorded (Hovis and Goldner, 2011c). Rhodochrosite is locally common, with up to 14.6% Mn over 3 m (drillhole
11LB0033 @ 402 m; Hovis and Goldner, 2011c).

There is no published metallurgical testwork available from the Shabo Peninsula North showing.

In general, Fe contents are low (<30% Fe) and include Fe contents in non-oxide minerals. However, some higher grade in-
tervals of oxide-facies iron formation have been recorded. The best assay data from the main showing are from drillhole
11LB0019, which intersected 124 m of iron formation grading 27% Fe (from 182 to 306 m). Drillhole 11LB0033, located ap-
proximately 4 km northwest of the main showing, also intersected a significant thickness of iron formation at depth (100.7 m
at 29.9% Fe from 248 to 348.7 m).

Structure

Interpretation of diamond-drill hole data, as well as geophysical surveys and rare outcrops, indicate the Shabo Peninsula
North showing is located in a northeast—southwest-trending, northwest-verging anticline (Hovis and Goldner, 2011c¢).

Geophysics

A strong magnetic anomaly is located at the southern tip of the peninsula hosting the showing (Figure 60), illustrating that
the Shabo Peninsula North showing is the northern extension of the Shabogamo showing. Ground gravity surveys show a strong
positive gravity anomaly coincident with the high magnetic values (Reynolds and Mitchell, 2008).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1950: Geological mapping (Neal, 1951)

e 1952: Geological mapping and prospecting (Beemer, 1952)

e 1956: Geological mapping and prospecting (Shklanka, 1956)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1979: Ground magnetometer survey and prospecting (Price, 1979j)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2003: Geological mapping, ground gravity survey (Darch et al., 2003b)

e 2007: Prospecting, ground gravity survey (Reynolds and Mitchell, 2008)

e 2010: Prospecting, diamond drilling (3 drillholes, 652.6 m, Hovis and Broadbent, 2010)

e 2011: Diamond drilling (6 drillholes, 2013.8 m), ground gravity survey (Hovis and Goldner, 2011c¢), magnetic and elec-
tromagnetic airborne survey (Smith et al., 2012)

e 2012: Airborne gravity gradiometer survey (Sauve et al., 2012)

e 2013: Mineralogical testwork (Sauve, 2014)
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31. SHABOGAMO

Alternate Name: Scott Bay, Shabogamo No. 1, Shabogamo No. 2, Shabo Peninsula South
MODS Showing(s): 023G/02/Fe011, 023G/02/Fe012
Status: Prospect

Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5891514

Easting (NAD27): 657826

Latitude: 53.1518

Longitude: -66.6340

Object Located: Drillhole SB-01-01

Description of Occurrence

The Shabogamo prospect is located on a peninsula between Shabogamo Lake and Scott Bay (Figure 61). It is approximately
31 km northeast of Labrador City. Access is by boat from Julienne Lake, or by helicopter.
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Figure 61. 4) Geological map of the Shabogamo prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2001, 2006, 2010 and 2011 exploration programs (Cotnoir et al., 2002, Clark, 2007; Carter, 2011d; Hovis and Goldner,
2011c); B) Airborne magnetics (second vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Shabogamo prospect is along strike from the Julienne 2 prospect. The bedrock is dominated by rocks of the Sokoman
Formation, which are conformably overlain by Menihek Formation graphitic schist (Figure 61). The Sokoman Formation is
underlain by quartzite of the Wishart Formation, which is present along the southern and eastern shores of the peninsula that
hosts the prospect (Cotnoir ef al., 2002). Massive to foliated Shabogamo Gabbro sills outcrop to the north and west of Edluke
Lake where they intrude the Sokoman Formation (Cotnoir ef al., 2002).

Outcrops of the Sokoman Formation are predominantly composed of silicate- and carbonate-facies iron formation, with
some thin oxide-rich bands ranging up to 2 m thick (Cotnoir et al., 2002; Darch, 2004); interpreted to represent the UIF. Thicker
sequences of oxide-facies iron formation, representing the MIF, outcrop to the west of Edluke Lake as well on the southeast of
the peninsula (Figure 61; Carter et al., 2011f). A thin (<10 m) sequence of LIF has been recorded in drillhole SB-01-02, and is
similar in composition to the UIF, but is differentiated due to its stratigraphic position above the Wishart Formation.

Mineralization

Oxide-facies iron formation is predominantly composed of quartz—magnetite schist, medium- to fine-grained disseminated
to semi-massive magnetite, and rare hematite and gangue quartz + actinolite—grunerite—carbonate. Rare pink carbonate (inter-
preted to be rhodochrosite) has also been recorded. In drillcore, the oxide-facies iron formation is generally fresh and unaltered.

There is no published metallurgical testwork available from the Shabogamo prospect.

Although significant thicknesses of oxide-facies iron formation have been reported from diamond drilling (>120 m in drill-
hole SB-06-03), there is no available assay data from IOC’s 2001, 2006 and 2010 drilling programs. A total of 28 grab and chip
samples were collected during IOC’s 2001 and 2004 mapping seasons, averaging 39.2% Fe, and 1.1% Mn (data from Cotnoir
et al., 2002, and Darch, 2004). Diamond drilling by Rio Tinto in 2011 targeted the northern limit of the prospect (Figure 61),
and intersected 55 m of oxide-facies iron formation (25 to 70 m), which graded 29.7% Fe (Hovis and Goldner, 2011c).

Structure

The paucity of outcrop at the Shabogamo prospect makes structural interpretations difficult. At least two recorded folding
events (F, and F,) form a generally asymmetrical anticlinal-synclinal sequence of metasediments (Cotnoir ef al., 2002; Clark,
2007c¢). The axis of the anticline and syncline trends northeast—southwest through the property, and diamond drilling highlights
the complex folding patterns, with sequences of UIF and LIF commonly infolded in MIF sequences (Cotnoir ef al., 2002; Clark,
2007c¢). Indications of possible thrusting have been observed in an area located approximately 1.5 km north of Edluke Lake
where the UIF overlies the Menihek Formation (Cotnoir et al., 2002).

Geophysics

The Shabogamo prospect is defined by a large aeromagnetic anomaly (Figure 61) that covers most of the peninsula and is
the eastern extension of the magnetic anomaly observed at Julienne 1. Ground gravity surveys show that this magnetic anomaly
coincides with a strong gravity anomaly of up to 17.5 milligals (Darch et al., 2003b). This gravity anomaly was interpreted to
represent a thick sequence of buried oxide-facies iron formation (Darch ef al., 2003b), and although subsequent drilling targeted
this anomaly it has not be satisfactorily explained.

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
Non 43-101 compliant historical estimates, based on limited data, of 45 Mt grading 24% Fe were reported by Hulstein and

Lee (2001), whereas a 2001 field evaluation by Cotnoir et al. (2002) suggested that the Shabogamo prospect could host a geo-
logical resource exceeding 500 Mt.
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History of Exploration

1950: Geological mapping (Neal, 1951)

1952: Geological mapping and prospecting (Beemer, 1952)

1953: Diamond drilling (15 drillholes, 330.7 m, Neal, 1953)

1957: Geological mapping (Crouse, 1957), 10 diamond-drill holes (described in Hulstein and Lee, 2001).

1972: Aeromagnetic survey (unpublished IOC report)

1979: Ground magnetometer survey (Price, 1979k), diamond drilling (2 drillholes, 77 m, Grant, 1979h)

1982: Diamond drilling (2 drillholes, 167.6 m, Simpson and Bird, 1982), airborne geophysical surveys (radiometrics,
Johnson, 1982)

1985: Diamond drilling (1 drillhole, 112.8 m, Simpson et al., 1985)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, geological mapping and prospecting, diamond drilling (2 drillholes, 621 m), ground gravity survey,
regional airborne magnetic surveys, structural/ stratigraphic interpretation (Cotnoir et al., 2002)

2003: Geological mapping, ground gravity survey (Darch et al., 2003b)

2004: Geological mapping and prospecting (Darch, 2004)

2006: Diamond drilling (1 drillhole, 151.5 m, Clark, 2007¢)

2007: Ground gravity survey (Reynolds and Mitchell, 2008)

2010: Diamond drilling (2 drillholes, 246 m, Carter 2011e, f)

2011: Diamond drilling (2 drillholes, 414 m, Hovis and Goldner, 2011c¢), airborne electromagnetic, magnetic, and gravity
surveys (Smith ef al., 2012; Wallace, 2012c¢)

2012: Airborne gravity gradiometer survey (Sauve et al., 2012)

2013: Mineralogical testwork (Sauve, 2014)
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32. SITTING BEAR

Alternate Name: Sitting Bear No. 1, Sitting Bear No. 2, Sudbury Lake West No. 2
MODS Showing(s): 023B/14/Fe005, 023B/14/Fe006
Status: Showing

Structural Basin: n/a

UTM Zone: 19

NTS Area: 23B/14

Northing (NAD27): 5859592

Easting (NAD27): 617940

Latitude: 52.8751

Longitude: -67.2476

Object Located: 2011 Rio Tinto sample location

Description of Occurrence

The Sitting Bear showing is located to the north and to the east of Sitting Bear Lake (Figure 62), approximately 23 km
west of Labrador City. There are no roads in the area, and access is via helicopter.

Geology and Stratigraphy

The Sitting Bear showing is located to the southeast of the Green Water Lake showing, along strike (in the same belt) of
Sokoman Formation iron formation. The Sokoman Formation outcrops to the north and east of Sitting Bear Lake, and geological

- Sokoman Formation (oxide facies) - Ashuanipi Complex N
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Figure 62. 4) Geological map of the Sitting Bear showing (adapted from Cotnoir et al., 2002), showing outcrop sample locations
from 2008, 2009 and 2010 exploration programs (Reynolds and Mitchell, 2008, Downing, 2009; Hovis and Goldner, 2011c),
B) Airborne magnetics (second vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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mapping shows it is underlain by a thin sequence of Wishart Formation quartzite. Le Fer Formation schist forms the base of the
stratigraphy in the Sitting Bear Lake area.

No information is available on the detailed stratigraphy of the Sokoman Formation at the Sitting Bear prospect, but geological
mapping and prospecting has identified oxide-, silicate- and carbonate-facies iron formation (Reynolds and Mitchell, 2008).

Mineralization

Oxide-facies iron formation outcrops to the north and to the east of Sitting Bear Lake (Figure 62), with a section at least 20
m thick composed predominantly of oxide-facies iron formation exposed in a cliff face to the northeast of Sitting Bear Lake
(Reynolds and Mitchell, 2008). Both hematite-rich and magnetite-rich oxide-facies iron formation, with up to 40-50% Fe-oxide
minerals, have been recorded at the showing.

There is no published metallurgical testwork available from the Sitting Bear showing.

No drillholes have been completed on the Sitting Bear showing. Geochemical data from a single chip sample collected
during the 2009 Rio Tinto exploration program returned 36.3% Fe (Downing, 2009).

Structure

Geological mapping indicates that the Sokoman Formation at the showing occurs in a syncline, and the area is crosscut by
numerous faults (Hulstein and Lee, 2001).

Geophysics
The Sitting Bear showing is located within a prominent magnetic high on regional aeromagnetic surveys (Cotnoir et al.,
2002; Figure 62). Ground gravity surveys show a moderate gravity high northeast of Sitting Bear Lake (Reynolds and Mitchell,
2008).
Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates based on limited data of 4.05 Mt grading 26% Fe were reported by Hulstein and
Lee (2001).

History of Exploration

1953: Geological mapping and prospecting (Jackson, 1954)

1959: Gravity survey (Branch, 1959a)

1972: Aeromagnetic survey (unpublished IOC report)

1982: Airborne geophysical surveys (EM, magnetics, radiometrics, Johnson, 1982)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)
2008: Geological mapping and prospecting, gravity surveys (Reynolds and Mitchell, 2008)
2009: Geological mapping and prospecting (Downing, 2009)

2010: Geological mapping and prospecting, gravity surveys (Hovis and Goldner, 2011c)
2011: Magnetic and electromagnetic airborne survey (Smith et al., 2012)

2012: Airborne gravity gradiometer survey (Suave et al., 2012)
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33. SMALLWOOD NORTH

Alternate Name: n/a

MODS Showing(s): n/a
Status: Prospect

Structural Basin: Carol
UTM Zone: 19

NTS Area: 23G/02

Northing (NAD27): 5879492
Easting (NAD27): 639555
Latitude: 53.0487
Longitude: -66.9181

Object Located: Drillhole SM-17-10

Description of Occurrence

The Smallwood North prospect is located in IOC’s Carol
Lake Mine area, approximately 13 km north of Labrador City
and northeast of the past-producing Smallwood Mine (Figure
63). Access to the deposit is via a series of mine roads and
bush roads that extend north from IOC’s Concentrator and
Pellet Plant.

Geology and Stratigraphy

The Smallwood North prospect is located in a broad syn-
cline at the north end of the former Smallwood Mine (Figure
64). Wishart Formation quartzites are recorded stratigraphically
below the Sokoman Formation iron formation. Shabogamo
gabbro sills, ranging in thickness from <I to 5 m, intrude the
Sokoman Formation (IOC, personal communication).

The Sokoman Formation is subdivided into three units,
the Lower Iron Formation (LIF), Middle Iron Formation (MIF)
and Upper Iron Formation (UIF) (I0OC, personal communica-
tion.). The LIF consists predominantly of carbonate-facies iron
formation, and variable amounts of magnetite, hematite,
grunerite, tremolite and actinolite. The MIF is predominantly
composed of oxide-facies iron formation, and some strati-
graphically conformable carbonate-facies units. The UIF is
similar to the LIF and it consists of carbonate-facies iron for-
mation with thin oxide-facies units and variable magnetite,
hematite, grunerite, tremolite, and actinolite content.

Mineralization

Lorraine
LLI/\L’

Figure 63 Aerial photograph of the Smallwood North
prospect, showing location of the former Smallwood Mine
(image courtesy of I0C).

Oxide-facies iron formation in the MIF consists of quartz—magnetite schist, with lesser amounts of hematite and siderite
(IOC, personal communication). Magnetite grain size is coarser in the fold hinges and finer in the limbs (IOC, personal com-

munication).

Alteration is variable across the prospect, with the degree of alteration increasing to the northwest (IOC, personal commu-
nication). This alteration occurs as abundant secondary goethite with leaching of carbonate.
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There is no published assay data or metallurgical testwork data from the Smallwood North prospect. However, most of the
2017 drillholes intersected significant intervals of oxide-facies iron formation in the MIF (IOC, personal communication).

Structure

The simplified structure of the Smallwood North prospect is that of a broad syncline, with an east limb approaching vertical
in places. Interpretations suggest that there is a large fault which has superimposed the Wishart Formation over the Middle Iron
Formation in the southeastern portion of the deposit (IOC, personal communication). It is postulated that the Smallwood North
prospect is a faulted extension of the previously mined out Smallwood deposit to the southwest (IOC, personal communica-
tion).

Geophysics

The Smallwood North prospect is associated with a strong magnetic anomaly on regional aeromagnetic surveys (Cotnoir
et al., 2002; Figure 64), which is associated with the high magnetite content of the MIF.

Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimates are available.
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Figure 64. A) Geological map of the Smallwood North prospect (adapted from Cotnoir et al., 2002), showing location of drill-
holes from 2017 exploration programs (IOC, personal communication); B) Airborne magnetics (second vertical derivative)
showing extent of iron formation (data from Cotnoir et al., 2002).
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History of Exploration

1949: Geological mapping (Neal, 1950a)

1950: Geological mapping (Neal, 1951)

1953: Geological mapping and prospecting

1958: Geological mapping

1962: Production begins at Smallwood deposit (Smallwood Mine)

1972: Aeromagnetic survey (Unpublished IOC report)

1979: Ground magnetometer survey (Unpublished IOC report)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)
Pre-2006: Diamond-drill program totalling 23 301 m drilled in 240 holes (IOC, personal communication)
2012: Diamond drilling (3 drillholes, 331 m, IOC, personal communication)

2017: Diamond drilling (14 drillholes, 1962 m, IOC, personal communication)
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34. SQUID

Alternate Name: n/a

MODS Showing(s): 023B/14/Fe029
Status: Showing

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/14, 23B/15
Northing (NAD27): 5873331
Easting (NAD27): 633627
Latitude: 52.9947

Longitude: -67.0087

Object Located: Drillhole SQ-11-01

Description of Occurrence
The Squid showing (Figure 65) is located ~2 km west of the White Lake prospect, and ~9 km northwest of Labrador City.
Access to the showing is by road and bush road from IOC’s Carol Lake Mine, south of Sherwood dump (called the “Maggie
Lake” road), then on foot from the White Lake prospect.
Geology and Stratigraphy
The geology at the Squid showing comprises a series of anticlines and synclines cored by the Sokoman Formation iron for-

mation, and is underlain by the Wishart and Le Fer formations (Figure 65). The Sokoman Formation is intruded by sills of
Shabogamo Gabbro.
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Figure 65. A) Geological map of the Squid showing (adapted from Cotnoir et al., 2002), showing location of drillholes from
2011 exploration programs (Duvergier, 2012); B) Airborne magnetics (second vertical derivative) showing extent of iron for-
mation (data from Cotnoir et al., 2002).
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The detailed stratigraphy of the Sokoman Formation at the Squid showing is poorly understood due the lack of drillhole
data and structural complexity. Diamond drilling has identified oxide-, carbonate- and silicate-facies iron formation. Drillhole
SQ-11-02 intersected a >175 m sequence of dominantly oxide-facies iron formation (and lesser carbonate- and silicate-facies
iron formation), which likely represents the MIF (Duvergier, 2012). Other drillholes have intersected predominantly silicate-
and carbonate-facies iron formation with thin (generally <15 m) intervals of oxide-facies iron formation (Duvergier, 2012),
which may represent the LIF. The UIF was not intersected during diamond drilling, but geological mapping to the north of the
Squid showing has identified quartz—grunerite—-magnetite schist that has been interpreted as UIF in the core of a syncline (Cotnoir
et al.,2002).

Mineralization

Oxide-facies iron formation is predominantly composed of quartz—magnetite schist, where magnetite is concentrated in
bands or as disseminations (Duvergier, 2012). Gangue Fe-silicate minerals (grunerite and actinolite) are common, and contacts
between oxide- and carbonate-facies are generally gradational. In drillcore, the oxide-facies is generally fresh and unaltered.
Manganese contents of up to 1.5 wt. % have been recorded (Duvergier, 2012), but no pyrolusite or other Mn-oxides have been
visually observed.

Duvergier (2012) report on SAG Power index (SPI) and iron recovery testing (TT) on composite drillcore samples from
the Squid showing, which show that ore samples have similar hardness (SPI) to ore from elsewhere in the Carol Lake Mine
area, but have lower iron recovery.

Assay data from drillcore indicate that the oxide-facies iron formation is generally lower grade than ore material from the
Carol Lake area (<30 wt. % Fe). Thin sequences of ore-grade material were encountered in drillhole SQ-11-02, with the best
interval returning 31.7% Fe over 12 m (150 to 162 m).

Structure
Geological mapping and interpretation of regional aecromagnetic data indicate that the Squid showing lies within an east-

dipping, north- to northeast-trending syncline that plunges to the northeast, and is flanked by two anticlines (Cotnoir et al.,
2002).

Geophysics

The Squid showing was identified based on regional airborne magnetic data, which recognized a north—northeast-trending
moderate to high-intensity magnetic anomaly that is 150 to 700 m wide and 3000 m long (Cotnoir ef al., 2002; Figure 65).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration
e 1949: Geological mapping (Neal, 1950a)
e 1972: Aeromagnetic survey (unpublished IOC report)
e 2001: Data compilation, geological mapping and prospecting, regional airborne magnetic surveys, structural/ stratigraphic

interpretation (Cotnoir et al., 2002)
*  2011: Diamond drilling (3 drillholes, 625 m, Duvergier, 2012)
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35. WABUSH 1

Alternate Name: Wabush #1, Wabush No. 1
MODS Showing(s): 023B/15/Fe002
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5869718
Easting (NAD27): 636305
Latitude: 52.9616

Longitude: -66.9677

Object Located: Drillhole W1-02-01

Description of Occurrence
The Wabush 1 prospect is located on a ridge to the east of Leg Lake (Figure 66), approximately 4 km northwest of Labrador

City. It is located to the south of the Wabush 3 deposit, from which it is separated by a low-lying area with limited outcrop ex-
posure. Access is on foot from a series of gravel roads that extend north from the TLH (Figure 66).
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Figure 66. A) Geological map of the Wabush 1 prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2002 exploration program (Darch et al., 2003a); B) Airborne magnetics (second vertical derivative) showing extent of
iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Wabush 1 prospect occurs in the keel and eastern limb of a synclinal structure that preserves the upper part of the
Kaniapiskau Supergroup stratigraphy. Menihek Formation graphitic schist is located in the core of the syncline, and conformably
overlie the Sokoman Formation (Figure 66). Wishart Formation quartzite occurs stratigraphically below the iron formation. The
upper part of the Sokoman Formation is intruded by thick Shabogamo Gabbro sills (Figure 66), with drilling intersecting >150
m of metagabbro (Darch et al., 2003a).

The stratigraphy of the Sokoman Formation is similar to that at the Wabush 3 deposit. The UIF and LIF consist of carbon-
ate- and silicate-facies iron formation with only minor oxide bands. The MIF is dominantly oxide-facies iron formation.

Mineralization

Drilling on the main mineralized outcrop intersected a 105.3-m-thick sequence of oxide-facies iron formation (Darch et
al., 2003a). The oxide-facies iron formation is coarse grained, with magnetite>hematite and gangue quartz, carbonate and acti-
nolite. In drillcore, the MIF is generally fresh, but strongly altered oxide-facies iron formation has been recorded to the east of
the prospect close to the Wabush 4 prospect (I0OC, personal commumication). Manganese contents are generally <1%.

Darch et al. (2003) reported RMI determination, minus 200 mesh weight fraction and iron weight recovery values. When
compared to IOC’s chemical and physical crude-ore characterisitcs (reported in Cotnoir ef al., 2002), these show that ore from
the Wabush 1 deposit has similar or slightly better iron weight recovery values and minus 200 mesh weight. The RMI determi-

nation indicates a hard grinding ore (Darch et al., 2003a).

The best assay results correspond to the thickest oxide-facies intervals in drillhole W1-02-01 (39.1% Fe over 113.3 m at
1.2 m depth).

Structure

The Wabush 1 prospect is located in a north-northeast-trending overturned syncline that extends northward along strike to
the Wabush 3 deposit (Darch ef al., 2003a). The western limb of the fold dips to the east at 25 to 45° whereas the eastern limb
has a much steeper dip (vertical to 70° to the east). The Wabush 1 prospect is located in the keel and eastern limb of the syncline,

where structural thickening of the Sokoman Formation has occurred (Darch et al., 2003a).

Geological mapping indicates that the normal fault observed crossing the Canning prospect may continue northeastward
through the Wabush 1 prospect (Muwais and Broemling, 1971).

Geophysics
Regional airborne magnetic surveys (Figure 66; Cotnoir et al., 2002) show that the Wabush 1 prospect is coincident with
a strong magnetic anomaly that continues northward to the Wabush 3 deposit. Ground gravity surveys (Darch et al., 2003a)
have recorded the presence of a strong gravity anomaly that is coincident with the magnetic anomaly.
Resource and/or Reserves

No NI 43-101 compliant mineral resource or reserve estimate available.

Non 43-101 compliant historical estimates based on limited data of 5 Mt grading 40.4% Fe for the Wabush 1 prospect were
reported by Elliot ez al. (1980).
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History of Exploration

1949: Geological mapping (Neal, 1950a)

1950: Geological mapping (Neal, 1951)

1972: Aeromagnetic survey (unpublished IOC report)

1978: Ground magnetic survey (Price, 1979g)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)
2002: Geological mapping and prospecting, diamond drilling (4 drillholes, 895 m), ground gravity survey (Darch et al.,
2003a)
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36. WABUSH 3

Alternate Name: Moss Pit, Wabush #3, Wabush No. 3, Labrador Ridge
MODS Showing(s): 023B/15/Fe003

Status: Producer

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5872119

Easting (NAD27): 637949

Latitude: 52.9828

Longitude: -66.9459

Object Located: Approximate centre of proposed pit

Description of Occurrence

The Wabush 3 deposit is located approximately 5 km
northwest of Labrador City and is directly south of the Luce
Pit at IOC’s Carol Lake Mine (Figure 67). Access is via a se-
ries of gravel and bush roads that extend north from the TLH.

Geology and Stratigraphy

The bedrock geology of the Wabush 3 deposit is domi-
nated by the Sokoman Formation iron formation, which oc-
cupies the core of a large, open syncline (Figure 68). The
Sokoman Formation is conformably underlain by Wishart
Formation quartzite, which outcrops extensively on high
ridges surrounding the deposit. At the southern end of the
Wabush 3 deposit, the Sokoman Formation is intruded by a
large unit of Shabogamo Gabbro, with drilling intersecting
>200-m-thick intervals of gabbro.

The Sokoman Formation is subdivided into a lower sili-
cate- and carbonate-facies unit (LIF), a middle oxide-facies
unit (MIF) and an upper silicate- and carbonate-facies unit
(UIF). The MIF is subdivided into an upper hematite-rich
member and a lower magnetite-rich member.

Mineralization

Diamond drilling has recorded thick (>400 m) sequences
of oxide-facies iron formation (MIF) at the Wabush 3 deposit

(Pond, 2013). The upper part of the MIF is hematite-rich, with  Figure 67. Aerial photograph of the Wabush 3 and Luce de-

minor disseminated magnetite (Plate 45A) The lower part of posits} Showing outline thheproposed Wabush 3pl[ (image
the MIF is magnetite-dominated, with minor medium- to very courtesy of 10C).

coarse-grained specular hematite (Plate 45B-D). Gangue min-
erals include quartz, carbonate and Fe-silicate minerals
(grunerite and actinolite).

Alteration of the iron formation is generally weak to moderate, with moderate to strong alteration (goethite-rich) associated
with fault zones. Assay data from 20072012 drilling show that Mn contents of ore samples average 0.67% Mn (n = 4128,
Pond, 2013). Manganese contents are generally higher (>1% Mn) at the base of the MIF and top of the LIF, with intervals
ranging up to 5.2% Mn over 32 m (drillhole W3-11-62 from 22 m; Pond, 2013) and 3.3% Mn over 69 m (drillhole W3-12-117
from 19 m; Pond, 2013).
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Figure 68. 4) Geological map of the Wabush 3 deposit (adapted from Cotnoir et al., 2002), showing location of drillholes from
2007 and 2010-2012 exploration programs (Pond, 2013); B) Airborne magnetics (second vertical derivative) showing extent
of iron formation (data from Cotnoir et al., 2002).

Metallurgical testwork from the 1965 feasibility study show that ore from the Wabush 3 deposit is amenable to simple ben-
eficiation processes, producing a dry concentrate with 65.6% Fe and 4.5% silica, and dry pellets containing 64.8% Fe and 5.3%
silica (Labrador Mining and Exploration Company Limited, 1965). Pond (2013) reported on SAG Power index (SPI) and iron
recovery testing (TT) from 1182 composite samples from 2007 to 2012 drilling. These data show that magnetite-rich and
hematite-rich ores have similar iron recovery, but magnetite-rich ore is a harder grinding ore (higher SPI values). Development
plans for the Wabush 3 deposit envisage processing using IOC's existing processing facilities (Iron Ore Company of Canada,
2014).

Assay data from diamond drilling show significant thicknesses of ore-grade iron formation, with Fe contents of ore-grade
samples from 2007-2012 drilling averaging 38.2% Fe (n = 4128). Highlights include 36.5% Fe over 316 m in drillhole W3-11-
65 (15 to 331 m), 37.3% Fe over 315.6 m in drillhole W3-11-63 (2.4 to 318 m) and 39% Fe over 278.2 m in drillhole W3-12-
139 (6.8 to 278.2 m).

Structure
The Wabush 3 deposit is located in an open, broadly folded syncline (Pond, 2013). Fold limbs along the western margins
dip approximately 30° to the east, whereas the eastern most limb of the fold is more steeply dipping with sub-vertical dips. The

main synclinal fold axis plunges to the south at approximately 20°, with a reversal of the plunge toward the southern end of the
deposit (Pond, 2013).
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Plate 45. A) Outcrop of friable, hematite-rich oxide facies iron formation with folded band of Fe-silicates,; B) Outcrop of folded
oxide-facies iron formation, with magnetite-rich bands (dark grey) and quartz-rich bands (light grey); C) Banded magnetite-
rich oxide-facies iron formation, with band of Fe-silicate—quartz and minor coarse-grained hematite (drillhole W3-11-101 @

215.5 m); D) Photomicrograph of oxide-facies iron formation, with magnetite (pink grey) and tabular coarse-grained hematite
crystals (light grey) (drillhole W3-11-101 @ 215.5 m).

Numerous small faults were recorded during diamond drilling, and are associated with moderate to strong alteration of the
iron formation.

Geophysics
Regional airborne magnetic surveys (Cotnoir et al., 2002) show that the Wabush 3 orebody coincides with a strong magnetic
anomaly (Figure 68). This strong anomaly can be correlated with the magnetite-rich unit in the lower part of the MIF. In addition,
gravity surveys have identified a moderate to strong gravity anomaly at the Wabush 3 deposit (Darch et al., 2003a).
Resource and/or Reserves
NI 43-101 compliant resources (Iron Ore Company of Canada, 2014).
e Measured resources: 419 Mt at 38% Fe

¢ Indicated resources: 325 Mt at 38% Fe
e Inferred resources: 66 Mt at 38% Fe
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History of Exploration

1949: Regional geological mapping, bulk sample (Neal, 1950a)

1950: Prospecting and metallurgical testwork (Neal, 1950b)

1951: Diamond drilling (2 drillholes, 60.4 m, Moss, 1952)

1958: Geological mapping and prospecting, dip needle surveys (referenced in Labrador Mining and Exploration Company
Limited, 1965)

1959: Gravity survey (Branch, 1959b), diamond drilling (20 drillholes, 1362 m, Tufty, 1960)

1961: Diamond drilling (48 drillholes, 6582 m) (referenced in Labrador Mining and Exploration Company Limited, 1965),
ground magnetometer survey (Tuffy, 1962)

1949-1963: Metallurgical testwork (referenced in Labrador Mining and Exploration Company Limited, 1965)

1965: Feasibility study (Labrador Mining and Exploration Company Limited, 1965)

1972: Aeromagnetic survey (unpublished IOC report)

1978: Ground magnetometer survey (Price, 1979g)

2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)
2006: Diamond drilling (19 drillholes, 3582.8 m,referenced in Pond, 2013)

2007: Diamond drilling (2 drillholes, 740 m, Pond, 2013)

2010: Diamond drilling (12 drillholes, 2561.7 m), metallurgical testwork (Pond, 2013)

2011: Diamond drilling (71 drillholes, 14 663.25 m), metallurgical testwork (Pond, 2013)

2012: Diamond drilling (50 drillholes, 11 925.7 m), metallurgical testwork (Pond, 2013)

2013: Diamond drilling (9 drillholes, 1147 m)

2014: Diamond drilling (78 drillholes, 18 321 m)

2015: Diamond drilling (69 drillholes, 13 540 m)

2018: Production begins at Wabush 3 deposit (Moss Pit)
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37. WABUSH 4

Alternate Name: Wabush #4, Wabush No. 4
MODS Showing(s): 023B/15/Fe004
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5868890
Easting (NAD27): 638330
Latitude: 52.9537

Longitude: -66.9409

Object Located: MODS Occurrence

Description of Occurrence

The Wabush 4 prospect is located 1.5 km northwest of Labrador City, on a hill directly behind the Labrador West Health
Centre. Access is via numerous gravel roads that extend north from the TLH (Figure 69).

Geology and Stratigraphy

The Wabush 4 prospect is located south along strike from the Mill Basin prospect and Wabush 6 deposit. The bedrock ge-
ology of the Wabush 4 prospect is predominately composed of the Sokoman Formation iron formation, and is conformably

Shabogamo Gabbro [ ] wishart Formation N
Menihek Formation [ ] LeFerFormation 0 500 1000
Sokoman Formation (oxide facies) / Trans-Labrador Highway m

Sokoman Formation (non-oxide facies) / Other roads

Figure 69. A) Geological map of the Wabush 4 prospect (adapted from Cotnoir et al., 2002); B) Airborne magnetics (second
vertical derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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overlain by Menihek Formation schist and underlain by quartzite of the Wishart Formation (Figure 69). Shabogamo Gabbro
sills north of the Wabush 4 prospect, intrude the upper part of the Sokoman Formation.

Stratigraphy of the Sokoman Formation at the Wabush 4 deposit is taken from Darch et al. (2003a) and McDonald (2015),
and is similar to the Mill Basin prospect and Wabush 6 deposit. The LIF is dominantly carbonate-facies iron formation, consisting
of quartz—carbonate + grunerite. The MIF is the main ore-bearing unit, and is subdivided into a lower, high magnetite unit (Plate
46A) and an upper hematite-rich unit; it is overlain by an upper carbonate-facies unit of quartz—carbonate + grunerite (UIF).

Mineralization

Oxide-facies iron formation is predominantly magnetite-rich (Plate 46B), with hematite content increasing in some sections.
Magnetite is generally fine to coarse grained, but very coarse-grained magnetite has also been recorded (Plate 46C).The main
gangue mineral is quartz, with minor Fe-silicate and carbonate minerals. In outcrop, the iron formation is moderately weathered,
with secondary goethite after Fe-silicate and carbonate minerals and limonite staining. In drillcore, the iron formation is generally
fresh to moderately altered in areas with no faulting, but alteration is strong to intense around fault zones. Some intervals have
high Mn contents, with a drillcore sample collected for this study returning 10% Mn (Plate 46D).

There is no published metallurgical testwork available from the Wabush 4 prospect.

2 3 4 5
CENTIMETRES

0 i 2 3 4 5 6 7 8
CENTIMETRES

Plate 46. A) Outcrop of folded quartz—magnetite—hematite oxide-facies iron; B) Quartz—magnetite—hematite oxide-facies iron
formation with coarse-grained magnetite (drillhole W4-10-01 @ 12.8 m); C) Photomicrograph of oxide-facies iron formation
with coarse-grained magnetite bands and fine-grained hematite and quartz (drillhole W4-10-01 @ 12.8 m); D) Moderately al-
tered, friable oxide-facies iron formation with abundant Mn-oxides (drillhole W4-10-01 @ 74.1 m).
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Assay data from drillcore are not available. Outcrop samples (eight in total), which were collected in 2002 as part of an as-
sessment of mineral resources in the Carol Lake mine area (Darch et al., 2003a), returned Fe contents of 26.4 to 62.2% Fe (av-
erage 37.4% Fe).

Structure

The Wabush 4 prospect is interpreted to occur within a tightly folded syncline that is overturned to the west, and plunging
toward the south. Smaller scale folding is also present, complicating the overall structure (McDonald, 2015). The Wabush 4
prospect is also cut by a number of faults that have been identified in drillcore.

Geophysics

Regional acromagnetic surveys show that the Wabush 4 deposit is associated with a strong magnetic anomaly (Figure 69;
Cotnoir et al., 2002), which corresponds to the high magnetite content of the oxide-facies iron formation. Ground gravity surveys
have also recognized a moderate to strong gravity anomaly that is coincident with the aeromagnetic anomaly (Darch et al.,
2003a).

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Elliot et al. (1980) reported proven and probable reserves (as of January 1, 1979) of 122.9 Mt at 37.9% Fe. However, no
details were provided on how this reserve estimate was calculated.

History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1950: Geological mapping (Neal, 1951)

*  1959: Geological mapping, dip needle survey (Leuner and Skimmer, 1959; Hird, 1960)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1978: Ground magnetometer survey (Price, 1979g)

e 1985: Diamond drilling (1 drillhole, 51.8 m, Simpson et al., 1985)

e 2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)
e 2002: Geological mapping and prospecting, ground gravity survey (Darch et al., 2003a)

e 2010: Diamond drilling (2 drillholes, 540 m, referenced in McDonald, 2015)

e 2011: Diamond drilling (4 drillholes, 890 m, referenced in McDonald, 2015)

e 2014: Geophysical surveys (direct current resistivity and induced polarization chargeability, McDonald, 2015)
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38. WABUSH 6

Alternate Name: Wabush #6, Wabush No. 6
MODS Showing(s): 023G/02/Fe006
Status: Developed Prospect
Structural Basin: Carol

UTM Zone: 19

NTS Area: 23G/02, 23B/15
Northing (NAD27): 5874670
Easting (NAD27): 640919
Latitude: 53.0050

Longitude: -66.8999

Object Located: Drillhole W6-08-47

Description of Occurrence
The Wabush 6 deposit is located in IOC’s Carol Lake Mine, between the Luce deposit and Wabush Lake (Figure 70). It is

approximately 5 km north of IOC’s Concentrator and Pellet plant, and approximately 7 km north of Labrador City. Access is
via a series of gravel roads.

66°54'

Wabush
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Shabogamo Gabbro 2002 drillhole collars (I0C)
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Sokoman Formation (non-oxide facies)
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Figure 70. 4) Geological map of the Wabush 6 deposit (adapted from Cotnoir et al., 2002), showing location of drillholes from
2002 and 2007-2012 exploration programs (Darch et al., 2003a; Marshall, 2012b); B) Airborne magnetics (second vertical
derivative) showing extent of iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The Wabush 6 deposit is located in a syncline that preserves a complete sequence of Kaniapiskau Supergroup metasediments
(Figure 70). Le Fer Formation quartz—feldspar—biotite gneiss occurs at the base of the stratigraphy and is conformably overlain
by Wishart Formation quartzite, which forms prominent ridges. The Sokoman Formation occurs stratigraphically above the
Wishart Formation, and a thin sequence of graphitic Menihek Formation schist has been recorded in the core of the syncline.
Shabogamo Gabbro sills intrude the Sokoman Formation.

The stratigraphy of the Sokoman Formation is believed to be similar to the stratigraphy described from the Humphrey de-
posit by Muwais (1974) and the Mill Basin prospect along strike to the south (Darch et al., 2003a). However, stratigraphic
thicknesses are difficult to determine because the stratigraphy is complicated by complex folding and structural thickening and
attenuation (Darch ef al., 2003a; Marshall, 2012b). The UIF is dominantly composed of silicate-facies iron formation, with sub-
ordinate carbonate-facies iron formation. The MIF is predominantly composed of oxide-facies iron formation, with a hematite-
rich upper zone and a magnetite-rich lower zone (Darch et al., 2003a). The LIF consists of carbonate-facies iron formation,
with lesser silicate-facies and rare oxide-facies iron formation.

Mineralization

Diamond drilling has intersected thick (>300 m) intervals of oxide-facies iron formation at the Wabush 6 deposit (Marshall,
2012b). The oxide-facies iron formation has highly variable hematite and magnetite contents, generally displaying a hematite-
rich upper zone (Plate 47A) and a magnetite-rich lower zone (Plate 47B). Gangue includes quartz, carbonate and Fe-silicate
mineralss (grunerite and actinolite).

Generally, the iron formation is fresh and unaltered, but some zones display moderate to strong alteration with abundant
secondary goethite. Manganese contents are generally low (<1%), with assay data from 2007-2012 drilling returning Mn contents
of ore samples averaging 0.48% Mn (n = 3167, Marshall, 2012b). However, some drillholes show elevated Mn concentrations
over significant intervals (e.g., 1.79% Mn over 184.2 m in drillhole W6-12-151, 1.29% Mn over 157 m in drillhole W6-12-
171). These intervals of higher Mn concentrations occur where ore horizons are interbedded with lower grade carbonate- and
silicate-facies iron formation, and may represent infolded sections of oxide-facies iron formation from the base of the MIF or
the LIF, which are known to have higher Mn contents (Marshall, 2012b).

Marshall (2012b) reported on SAG Power Index (SPI) and iron recovery testing (TT) from 540 composite samples from
2010 to 2012 drilling. These data show that magnetite-rich and hematite-rich ores have similar iron recovery, but magnetite-
rich ore is a harder grinding ore (higher SPI values).

GEOLOGICAL SURVEY

Plate 47. A) Hematite-rich oxide-facies iron formation (drillhole W6-10-135 @ 31.2 m); B) magnetite-rich oxide-facies iron
formation with gangue quartz and carbonate (drillhole W6-10-135 @ 50.5 m).

167



The Fe contents of ore-grade samples from the 2007-2012 drilling averaged 37.3% Fe (n = 3167, Marshall, 2012b).
Highlights from diamond drilling include 36% Fe over 334 m in drillhole W6-08-47 (5 to 339 m), 36.7% Fe over 308 m in
drillhole W6-12-153 (14 to 308 m), 35.6% Fe over 298.4 m in drillhole W6-12-157 (17.6 to 316 m) and 36.9% Fe over 289.9
m in drillhole W6-12-154 (122.4 to 412.3 m).

Structure

The Wabush 6 deposit occurs at the northern end of a broad open basin (Mill Structural Basin). This broad open basin is
the result of a larger amplitude overturned F,-synclinal fold trend intersecting a series of smaller amplitude F,-synform dominated
folds (Marshall, 2012b). The southern part of the deposit occurs within an open synform, cored by Menihek Formation graphitic
schist, plunging to the north. At the northern end of the deposit, the iron formation occurs in an eastern and western synform,
which are separated by an antiform. On a local scale, the structure of the iron formation is complex due to the interference of
the F, and F, folds and the high frequency of parasitic and disharmonic folds occurring in the iron formation (Darch et al.,
2003a).

Geophysics

Regional acromagnetic surveys show that the Wabush 6 deposit corresponds to a strong magnetic anomaly, which clearly
show the eastern and western synforms at the northern portion of the deposit (Figure 70; Cotnoir et al., 2002). Ground gravity
surveys show strong gravity anomalies associated with the Wabush 6 deposit, consistent with diamond drilling, which shows
significant thicknesses of oxide-facies iron formation (Darch et al., 2003a).

Resource and/or Reserves
NI 43-101 compliant resources (Iron Ore Company of Canada, 2014).

¢ Measured resources: 156 Mt at 37% Fe
¢ Indicated resources: 878 Mt at 37% Fe
e Inferred resources: 268 Mt at 35% Fe

History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1950: Geological mapping (Neal, 1951)

e 1957: Geological mapping (Mumtazuddin, 1957)

e 1959: Geological mapping, sampling and dip needle survey (Thorniley, 1959)

e 1972: Aeromagnetic survey (unpublished IOC report)

e 1977: Ground magnetometer survey (Price, 1977)

e 1978: Ground magnetometer survey (Price, 1979g)

*  2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, regional airborne magnetic surveys, structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2002: Geological mapping and prospecting, diamond drilling (2 drillholes, 555 m), ground gravity survey (Darch et al.,
2003a)

e 2005: Diamond drilling (10 drillholes, 2419 m)

e 2006: Diamond drilling (7 drillholes, 1814 m)

e 2007: Diamond drilling (21 drillholes, 5287 m, Marshall, 2012b)

e 2008: Diamond drilling (93 drillholes, 16 677 m, Marshall, 2012b)

e 2010: Diamond drilling (23 drillholes, 4640 m, Marshall, 2012b)

e 2011: Diamond drilling (9 drillholes, 1941 m, Marshall, 2012b; Wallace, 2012d)

e 2012: Diamond drilling (23 drillholes, 5890 m, Marshall, 2012b)
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39. WABUSH MOUNTAIN

Alternate Name: n/a

MODS Showing(s): 023B/15/Fe010
Status: Showing

Structural Basin: Wabush

UTM Zone: 19

NTS Area: 23B/15

Northing (NAD27): 5869120
Easting (NAD27): 644130
Latitude: 52.9543

Longitude: -66.8545

Object Located: Approximate location of 1962 drilling

Description of Occurrence
The Wabush Mountain showing (Figure 71) is located on the top of Wabush Mountain, a prominent hill overlooking
Labrador City and Wabush. It is located to the east of Wabush Lake, and is approximately 5 km east of Labrador City and 6.5

km north of Wabush. Access is via a well-maintained secondary road.

Geology and Stratigraphy

The Sokoman Formation iron formation outcrops on the western slopes of Wabush Mountain, and diamond drilling shows
that the iron formation is conformably underlain by Wishart Formation quartzite (Hartopp, 1962a). Denault Formation dolomite
underlies this, and is mapped to the east of the mountain. Le Fer Formation schist occurs at the base of the stratigraphic sequence,
and is intruded by Shabogamo Gabbro sills.

Shabogamo Gabbro

Sokoman Formation (oxide facies)

Sokoman Formation (non-oxide facies)
Wishart Formation

Denault Formation

Le Fer Formation

1962 drillhole collars (Pickands Mather & Co.)
Trans-Labrador Highway

SN\ e DJEOCHENE

Other roads
Railway
N
0 750 1500
[ |
m

Figure 71. Geological map of the Wabush Mountain area (adapted from Cotnoir et al., 2002), showing approximate location
of drillholes from 1962 drilling programs (Hartopp, 1962a).
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Little is known about the stratigraphy of the Sokoman Formation, due to limited data from diamond drilling and extensive
alteration of the iron formation. However, the description of drillcore in Hartopp (1962a) suggests that the stratigraphy is similar
to that in the Scully deposit, which is located along strike to the south of the Wabush Mountain showing.

Mineralization

The Sokoman Formation is composed predominantly of quartz—hematite schist, with minor magnetite, in places. Manganese
contents are highly variable, with some intervals strongly enriched in Mn (up to 14.4% Mn over 6.1 m in drillhole WM-4). The
core is generally friable and moderately to strongly altered, with abundant secondary goethite throughout and pyrolusite and
psilomelane common in Mn-rich intervals. Alteration may be associated with late-stage (post-metamorphic) fluid flow, secondary

leaching and/or deep weathering, possibly related to fluid infiltration along the adjacent Flora Lake shear zone.

There is limited metallurgical testwork available from the Wabush Mountain showing, with Hartopp (1962b) reporting on
results from table tests and magnetic tube tests.

The best assay results are from drillholes WM-2 (31.6% Fe over 85.7 m from 28.3 to 114 m) and WM-4 (30.6% Fe over
69.8 m from 7.3 to 87.5 m).

Structure

Geological mapping indicates that the showing is located in a northwest—southeast-trending, northwest-plunging syncline.
The Flora Lake shear zone, a major north-northeast-trending shear zone, is located approximately 1 km east of Wabush Mountain
(van Gool, 1992)
Geophysics

Regional aeromagnetic data for Labrador conducted by the Geological Survey of Canada suggest a strong aeromagnetic
high coincident with the Wabush Mountain showing.

Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.
History of Exploration

e 1953: Geological mapping and prospecting (Boyko, 1953)
e 1962: Diamond drilling (4 drillholes, 397.9 m, Hartopp, 1962a, b)
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40. WHITE LAKE

Alternate Name: Wabush No. 2, Carol West No. 2
MODS Showing(s): 023B/15/Mn001, 023B/15/Mn002, 023G/02/Mn001, 023G/02/Mn002, 023G/02/Mn003
Status: Prospect

Structural Basin: Carol

UTM Zone: 19

NTS Area: 23B/15, 23G/02

Northing (NAD27): 5873457

Easting (NAD27): 634974

Latitude: 52.9956

Longitude: -66.9889

Object Located: Drillhole WL-10-02

Description of Occurrence
The White Lake prospect is located to the west of White Lake (Figure 72), approximately 8.5 km northwest of Labrador

City, and 2 km southeast of the Sherwood Pit of [OC’s Carol Lake mining operation. Access to the prospect is by road and bush
road from IOC Carol Lake Mine, south of Sherwood dump (called the Maggie Lake road), then on foot.

- Shabogamo Gabbro D Le Fer Formation N
- Sokoman Formation (oxide facies) @ 2010 drillhole collars (I0C) 0 500 1000

D Sokoman Formation (non-oxide facies) @ 2011 drillhole collars (I0C) m

D Wishart Formation @ 2012 drillhole collars (I0C)

Figure 72. 4) Geological map of the White Lake prospect (adapted from Cotnoir et al., 2002), showing location of drillholes
from 2010, 2011 and 2012 10C exploration programs (Duvergier, 2012); B) Airborne magnetics (second vertical derivative)
showing extent of iron formation (data from Cotnoir et al., 2002).
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Geology and Stratigraphy

The geology to the west of White Lake is composed of Sokoman Formation iron formation, which conformably overlies
quartzite of the Wishart Formation. Le Fer Formation schist occurs in the cores of anticlines, conformably below the Wishart
Formation. Minor Shabogamo Gabbro sills (generally <I m thick) intrude the Sokoman and Wishart formations.

Geological mapping and diamond drilling show that Sokoman Formation can be subdivided into LIF, MIF and UIF, and
has a similar stratigraphy to that described by Muwais (1974) from the Humphrey deposit. The LIF and UIF are predominantly
composed of silicate- and carbonate-facies iron formation, with lesser oxide-facies iron formation, whereas the MIF is primarily
oxide-facies iron formation (quartz—magnetite—hematite schist; Duvergier, 2012).

Mineralization

Thick sequences of oxide-facies MIF (>175 m) have been recorded during diamond drilling (Duvergier, 2012). The oxide-
facies iron formation consists of hematite—-magnetite schist, with variable proportions of hematite and magnetite. Gangue includes
quartz, Fe-silicate (grunerite and actinolite) and carbonate minerals.

Alteration across the deposit is highly variable, with strong to moderate alteration common in the northeast portion of the
showing, and generally decreasing to the southwest (Cotnoir et al., 2002; Duvergier, 2012). This alteration is identified by the
leaching of carbonate and Fe-silicate minerals, precipitation of secondary goethite and transformation of magnetite to hematite
(martite). The alteration is attributed to fluid flow along late-stage faults that have been recognized during diamond drilling
(Duvergier, 2012), and is similar to alteration observed in the Canning prospect and Scully deposit. Manganese-contents of
oxide-facies iron formation are generally low (<1 % Mn), but values of up to 4% Mn have been recorded around faults in some
drillholes, interpreted to represent the secondary migration of Mn-oxides during late-stage alteration.

Duvergier (2012) report on SAG Power index (SPI) and iron recovery testing (TT) from 233 composite samples from 2010
to 2012 drilling, which show that the ore has similar physical characterisics to ore from other deposits in IOC’s Carol Lake
Mine area.

Assay data from diamond drilling show significant thicknesses of ore-grade iron formation. The thickest sequence of oxide-
facies iron formation is in drillhole WL-10-02, with mineralized intervals of 37.9% Fe over 51.5 m (5.5 to 57 m) and 38.7% Fe
over 90.6 m (87.4 to 186 m). These mineralized intervals are separated by oxide-facies iron formation that was not selected for
assay due to the presence of fibrous amphiboles (Duvergier, 2012). Other highlights from diamond drilling include 39.0% Fe
over 107 m in drillhole WL-12-19 (40 to 147 m), 40.1% Fe over 85.3 m in drillhole WL-12-35 (3 to 92 m) and 42.8% Fe over
87 m in drillhole WL-12-29 (32 to 122 m, very poor core recovery over upper 15.5 m).

Structure

The White Lake prospect is located in a series of northeast-trending, northwest-verging F, anticlines and synclines, imparting
repetition of the MIF stratigraphy (Cotnoir ef al., 2002). The F, folds have also been recognized based on the presence of doubly
plunging F, fold structures, with interference between F, and F, folds believed to be associated with structural thickening
(Cotnoir et al., 2002). North—south-trending faults have been recorded in the eastern portion of the prospect and are associated
with strong to moderate alteration of the iron formation. These faults are likely part of a major fault system, which has been
recognized to the east of White Lake (Azomani and Bineli Betsi, 2012).

Geophysics
Regional airborne magnetic data shows that the White Lake prospect is located within a strong magnetic high, related to
the high magnetite content of oxide-facies iron formation (Cotnoir et al., 2002; Figure 72). A ground gravity survey across the

White Lake prospect produced a gravity anomaly of 8—10 milligals on the west side of White Lake representing a significant
thickness of iron formation (Cotnoir ef al., 2002).
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Resource and/or Reserves
No NI 43-101 compliant mineral resource or reserve estimate available.

Preliminary interpretation based on geological mapping, structural interpretation and regional aeromagnetic survey results
have been used to estimate a possible geological resource of 500 Mt at plus 35% Fe (Cotnoir et al., 2002).

History of Exploration

e 1949: Geological mapping (Neal, 1950a)

e 1950: Geological mapping (Neal, 1951)

e 1957: Geological mapping and prospecting (Duquette, 1957)

e 1958: Geological mapping, diamond drilling (52 drillholes, 732 m, referenced in Duvergier, 2012)

e 1972: Aeromagnetic survey (unpublished IOC report)

*  1979: Ground magnetometer survey (referenced in Duvergier, 2012)

*  2000: Data compilation, structural synthesis (Hulstein and Lee, 2001)

e 2001: Data compilation, geological mapping and prospecting, ground gravity survey, regional airborne magnetic surveys,
structural/stratigraphic interpretation (Cotnoir et al., 2002)

e 2002: Geological sampling program (referenced in Duvergier, 2012)

e 2006: Diamond drilling (referenced in Duvergier, 2012)

e 2010: Diamond drilling (8 drillholes, 1729.6 m, Duvergier, 2012)

e 2011: Diamond drilling (3 drillholes, 621 m, Duvergier, 2012)

e 2012: Diamond drilling (27 drillholes, 5051.3 m, 2012)
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APPENDICES

APPENDIX A: Sample Descriptions
The data are available as a digital comma-separated file (.csv) through this link:
http://www.nr.gov.nl.ca/nr/mines/geoscience/publications/reports/2019 01/Occasional 2019 01 AppendixA.csv

APPENDIX B: Major and Trace Element Data for Outcrop, Drillcore and Pulp Samples
The data are available as a digital comma-separated file (.csv) through this link:
http://www.nr.gov.nl.ca/nr/mines/geoscience/publications/reports/2019 01/Occasional 2019 01 AppendixB.csv

APPENDIX C: Major-element ICP-OES-FUS Standards and Duplicate Data
The data are available as a digital comma-separated file (.csv) through this link:
http://www.nr.gov.nl.ca/nr/mines/geoscience/publications/reports/reports/2019 _01/Occasional 2019 01 AppendixC.csv

APPENDIX D: Trace-element ICP-OES Standards and Duplicate Data
The data are available as a digital comma-separated file (.csv) through this link:
http://www.nr.gov.nl.ca/nr/mines/geoscience/publications/reports/2019 01/Occasional 2019 01 AppendixD.csv

APPENDIX E: Trace-element ICP-MS-FUS Standards and Duplicate Data
The data are available as a digital comma-separated file (.csv) through this link:
http://www.nr.gov.nl.ca/nr/mines/geoscience/publications/reports/2019 01/Occasional 2019 01 AppendixE.csv

APPENDIX F: Exploration Drill-log Database (post-2000)
The data are available as a digital comma-separated file (.csv) through this link:
http://www.nr.gov.nl.ca/nr/mines/geoscience/publications/reports/2019 01/Occasional 2019 01 AppendixF.csv
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