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Summary

In 2016, the Manitoba Geological Survey (MGS)
continued its study of the Oxford Lake—Knee Lake belt by
extending new 1:15 000 scale bedrock mapping into the
central Knee Lake area with the objective of better under-
standing the belt’s stratigraphy, tectonic evolution and
mineral resource potential. Building on results of MGS
mapping in 1997-1998 and unprecedented bedrock expo-
sure due to exceptionally low water levels, salient results
of the 2016 mapping are as follows: 1) definition of two
sedimentary sequences in the structural basin at Opis-
chikona Narrows, including an older marine sequence and
younger shallow-marine to subaerial sequence; 2) delin-
eation and comprehensive documentation of the contact
relationships of the younger sequence, including defini-
tion of a basal angular unconformity and faulted upper
contact, interpreted to represent an early thrust, with
potential implications for gold prospectivity; 3) improved
understanding of the structural geology and deformation
history of the greenstone belt in general, including better
documentation of several generations of ductile deforma-
tion structure; 4) discovery of a carbonate dike swarm in
west-central Knee Lake, tentatively interpreted to repre-
sent carbonatite magmatism related to the adjacent Cinder
Lake alkaline intrusive complex, with potential implica-
tions for rare-metal prospectivity; and 5) identification of
numerous lamprophyre dikes throughout south-central
Knee Lake, which will be assessed as potential sources of
mantle-derived minerals (i.e., ‘kimberlite indicator min-
erals’), which have previously been identified in surficial
sediments at Knee Lake. These results represent impor-
tant progress toward a comprehensive geological synthe-
sis of the Oxford Lake—Knee Lake belt and an up-to-date
assessment of its economic potential.

Introduction

In 2012, the Manitoba Geological Survey began a
renewed study of the Oxford Lake—Knee Lake belt, the
largest contiguous greenstone belt in the northwestern
Superior province. An improved understanding of the
stratigraphy, tectonic evolution and metallogeny of this
belt is critical to unlocking the resource potential of the
region, which is highly prospective yet underexplored.
New bedrock mapping, augmented by structural, litho-
geochemical, Sm-Nd isotopic, U-Pb geochronologi-
cal and high-resolution aeromagnetic datasets, is being

used to upgrade existing maps,
with the goal of a comprehensive
regional synthesis and seamless geological compilation
for the entire Oxford Lake—Knee Lake belt.

Early work in the belt included route surveys of the
Hayes River and reconnaissance mapping by the Geo-
logical Survey of Canada, most notably by Wright (1926,
1932). Subsequent work by the MGS involved system-
atic mapping (Barry, 1959, 1960, 1964; Gilbert, 1985;
Hubregtse, 1985)—the latter two studies as part of the
‘Greenstone Project’ (1970-1973)—with the objective
of improving the geological context for mineral explora-
tion. Follow-up studies described alkaline rocks at Oxford
Lake (Hubregtse, 1978; Brooks et al., 1982) and pegma-
tite in the Knee Lake area (Lenton, 1985). Mineral occur-
rences in the area were described by Wright (1926, 1932),
Barry (1959, 1960), Southard (1977), and Richardson and
Ostry (1996).

In 1997-1998, shoreline outcrops on Knee Lake were
remapped at 1:20 000 scale by the MGS under the aus-
pices of the Western Superior NATMAP Project. New
stratigraphic, geochemical, structural and geochronologi-
cal data collected during this project provided important
new insights into the complexities of the belt (Syme et al.,
1997, 1998; Lin et al., 1998; Corkery et al., 2000; Lin and
Jiang, 2001). Regional MGS multimedia geochemical
and mineralogical surveys (Fedikow et al., 2000, 2001,
2002a, b) identified anomalous abundances of kimberlite
indicator minerals in surficial sediments (glacial till and
beach sand), prompting a brief surge in diamond explora-
tion (1999-2004). More recent studies have addressed the
Cinder Lake alkaline intrusive complex (Chakhmoura-
dian et al., 2008; Kressall et al., 2010; Kressall, 2012) and
regional surficial geology (Trommelen, 2014a, b, c, d).

Shoreline mapping for the present study took place at
Oxford Lakein2012 and 2013 (Andersonetal.,2012a,b,c;
2013a, b, ¢, d), and continued at the southern basin of Knee
Lake in 2015 (Anderson et al., 2015a, b; Figure GS-1-1).
The goal of the 2016 fieldwork at central Knee Lake was
to: 1) examine key localities identified by previous map-
ping; 2) remap areas of incomplete data coverage; and
3) unravel the complex stratigraphic and structural rela-
tionships in the area of Opischikona Narrows (between
southern and central Knee Lake). Results of the new
shoreline mapping were augmented by data from inland
mapping (Gilbert, 1985) and industry high-resolution
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Figure GS-1-1: Regional geological setting of the Oxford Lake—Knee Lake belt, showing the locations of the 2012, 2013,
2015 and 2016 study areas. Thicker black lines on the map indicate major faults.

aeromagnetic surveys to generate a new 1:15 000 scale
map of south-central Knee Lake (PMAP2016-1, Ander-
son et al., 2016), covering an area of 100 km?.

Regional setting and stratigraphic context

Knee Lake is situated in the eastern portion of the
Oxford Lake—Knee Lake greenstone belt (Figure GS-1-1)
in the Oxford—Stull domain of the western Superior prov-
ince (Stott et al., 2010). As described by previous work-
ers, supracrustal rocks in this belt are overprinted by at
least two generations of tight to isoclinal folds, intruded
by granitoid plutons, and segmented by shear zones and
faults; consequently, stratigraphic and structural relation-
ships of adjacent and often dissimilar map units have
proven difficult to establish. Major discordant structures
are part of a regional array that merges into the Stull-
Wunnummin fault, which is thought to represent a funda-
mental tectonic boundary and metallotect in the Superior
province, separating an older protocontinental terrane
to the south from a juvenile oceanic terrane to the north
(e.g., Skulski et al., 2000; Stott et al., 2010).

In the original stratigraphic scheme of Wright
(1932), supracrustal rocks in the Oxford Lake—Knee Lake
belt were divided into two stratigraphic units: the older,
volcanic Hayes River group (HRG) and the younger,
sedimentary Oxford group (OG). Based on subsequent
detailed mapping, Barry (1959) subdivided the HRG into
a lower unit of mostly mafic flows and an upper unit of
mostly intermediate—felsic volcanic rocks, and inferred an
unconformable contact relationship between the HRG and
OG based on map patterns. Of relevance to the present

study, clastic sedimentary rocks and iron formation
exposed north and south of Opischikona Narrows at
Knee Lake were included in the upper HRG by Barry
(1959), although he noted that their stratigraphic position
remained ambiguous, despite excellent exposure due to
an “exceptionally low” water level at Knee Lake during
the 1958 field season.

Gilbert (1985) and Hubregtse (1985) further revised
the stratigraphy, defining the HRG to consist of pillowed
and massive basalt flows and related gabbro, with minor
intermediate—felsic volcanic rocks, and fine-grained
sedimentary rocks, constituting five mafic—felsic volca-
nic cycles (Hubregtse, 1978). At Knee Lake, the entire
HRG section was estimated to be 9.7 km thick. Neither
the base nor top was identified: the base is everywhere
defined by granitoid plutons of the Bayly Lake complex
(BLC), whereas the top is defined by faults or an uncon-
formity at the base of the ‘Oxford Lake group’ (OLG).
Included in the redefined OLG was a lower unit of mostly
fragmental volcanic rocks (mainly constituting the “upper
HRG?’ of Barry, 1959), conformably overlain by sedimen-
tary rocks containing clasts derived from the HRG and
BLC. The volcanic unit consisted of porphyritic volcanic
rocks of calcalkalic to shoshonitic (high-K) affinity, rang-
ing in composition from basalt to rhyolite, intercalated
with locally derived epiclastic rocks (Hubregtse, 1978,
1985; Brooks et al., 1982; Gilbert, 1985). Greywacke-
mudstone turbidite, iron formation, crossbedded sand-
stone and polymictic conglomerate, deposited in marine
and subaerial settings, were included in the sedimentary
unit. In keeping with Barry (1959), the sedimentary rocks
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exposed north and south of Opischikona Narrows were
included in the HRG, although Gilbert (1985) noted that
contact relationships were not observed.

The stratigraphic scheme of Gilbert (1985) was
largely adopted by Syme et al. (1997), with the exception
that the Opischikona Narrows sedimentary rocks were
depicted as having unknown stratigraphic affinity, due to
the fact that the stratigraphic and structural relationships
with the underlying HRG remained equivocal. Like Barry
(1959) and Gilbert (1985), these authors described a com-
plex synclinal basin, the contacts of which were unex-
posed; Syme et al. (1997) inferred that contacts on both
limbs of the structure were intruded by gabbro. These
authors further concluded that the sedimentary unit of the
OLG is not a simple continuous sequence, but noted that
the complexities could not be resolved given the avail-
able data. Based on the results of additional mapping at
central Knee Lake the following summer, Syme et al.
(1998) provisionally correlated the Opischikona Narrows
sedimentary rocks with the OLG and, on the basis of map
patterns, interpreted them to overlie previously deformed
HRG units across an angular unconformity. These authors
described two northwest-trending synclines cored by sed-
imentary rocks and bounded by the folded unconformity.

Subsequent U-Pb zircon dating of felsic volcanic
rocks at Knee Lake (Corkery et al., 2000; Lin et al., 2006)
demonstrated that volcanism in the HRG (ca. 2835-—
2825 Ma) predates that in the OLG (ca. 2720 Ma) by over
100 million years, and indicates that both are overlain
across a significant unconformity by younger (<2707 Ma)
sedimentary rocks. As suggested by Syme et al. (1997),
these data indicate that the OLG is not a simple continu-
ous sequence.

New detailed mapping of the structural basin at Opis-
chikona Narrows (reported herein) supports this inference
and indicates two distinct stratigraphic units: an older
marine sequence consisting of greywacke-mudstone tur-
bidites, iron formation, mafic volcanic rocks and gabbro,
and a younger shallow-marine to subaerial sequence of
turbiditic and trough-crossbedded sandstone and pebble—
boulder conglomerate. Apparently unprecedented low
water levels in 2016 provided an exceptional opportunity
to document stratigraphic and structural relationships that
were previously ambiguous due to poor exposure, and
also facilitated discovery of carbonate and lamprophyre
dikes, with potential economic implications.

Local geology

Supracrustal and intrusive units in south-central Knee
Lake are described below in general order of decreasing
known or apparent age. Unit codes in the text correspond
to those on PMAP2016-1 (Anderson et al., 2016). As most
of the key map units were described in some detail by
Syme et al. (1997, 1998) and Anderson et al. (2015b), this
report is focused mainly on describing PMAP2016-1 and

new results from fieldwork in 2016. Greenschist-facies
metamorphic assemblages characterize rocks throughout
the study area. In the interest of brevity, the prefix ‘meta’
is not used in this report and the rocks are described in
terms of protoliths.

Hayes River group

The HRG in south-central Knee Lake consists mainly
of mafic volcanic rocks, with lesser ultramafic—mafic sills,
felsic volcaniclastic and volcanic sedimentary rocks, and
is disposed in three north- or northwest-trending struc-
tural panels (Figure GS-1-2). The HRG in the ‘southwest’
panel forms an east-younging homocline more than 4 km
in thickness that is intruded at its base, beyond the limits
of the map area, by the Whitemud Lake pluton and Cin-
der Lake alkaline intrusive complex, and is overlain to the
east by sedimentary rocks of the Opischikona Narrows
basin. The HRG in the ‘central’ panel is tightly folded and
largely bounded by faults, but is also locally overlain to
the northeast by a thin homocline of sedimentary rocks.
In the ‘northeast’ panel, the HRG defines a tight to iso-
clinal, northwest-facing, anticline-syncline fold pair and
is intruded to the east by the Seller Lake pluton. Strati-
graphic relationships between the HRG sections of each
panel are ambiguous.

Mafic volcanic rocks (unit 1)

Pillowed and massive flows of basalt, basaltic andes-
ite and lesser andesite dominate the HRG in the Oxford
Lake—Knee Lake belt (Figure GS-1-2). As described by
previous workers, stratigraphic units have been identified
in seemingly monotonous sections of subaqueous basaltic
flows on the basis of field characteristics such as weath-
ering colour, phenocryst or variole content, pillow mor-
phology and flow organization (Gilbert, 1985; Hubregtse,
1985; Syme et al., 1997, 1998; Anderson et al. 2013d,
2015b). Based on the dominant textural types of flow,
three basaltic map units have been identified in the HRG
at south-central Knee Lake.

Plagioclase-phyric flows (subunit 1a) are composed
of basalt, basaltic andesite and andesite, and consist
mostly of pillowed flows, with minor massive flows and
local intercalations of coarse flow breccia. Pillows are
typically large (up to 4 m in length), with thick selvages.
Plagioclase phenocrysts up to 6 mm are concentrated in
pillow cores and the proportion of phenocrysts (up to
40%) decreases outward toward the selvage. These flows
occur near the base of the stratigraphic section in the
southwest and northeast panels, and are associated with
felsic volcanic sedimentary rocks in both locations, sug-
gesting a possible correlation.

Variolitic flows (subunit 1b) are also composed of
basalt-andesite, but consist almost entirely of pillowed
flows, with very minor massive flows and almost no flow
breccia. The pillows tend to be very large and bulbous,
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with thick selvages, and are characterized by centimetre-
scale varioles that coalesce to dense masses in pillow
cores. These flows define important marker units in each
of the structural panels. Associated aphyric flows (sub-
unit Ic) are composed of basalt and basaltic andesite, and
consist mostly of pillowed flows, with subordinate com-
posite and massive flows, and minor flow breccia. The
pillows tend to be smaller (<1 m) and are bun shaped to
irregular, with thin dark green selvages and interpillow
hyaloclastite. Aphyric flows dominate in each structural
panel and are locally intercalated with variolitic flows.
Identical major- and trace-element signatures (primitive
arc-tholeiite; E.C. Syme et al., unpublished data, 1998)
suggest a common magma source. The variolitic flows,
which are thought to represent severely under-cooled
basaltic melts (Sandsté et al., 2011), suggest that differ-
ences in flow texture and morphology may be related to
transient changes in eruption temperature.

Felsic volcaniclastic rocks (unit 2)

Felsic volcaniclastic rocks are exposed in a single
outcrop in the southwest panel, where they appear to
occur as a large raft in an ultramafic—mafic sill. The out-
crop consists of monolithic felsic breccia thickly interbed-
ded with variably reworked felsic tuff breccia, lapilli tuff
and tuff (subunit 2a). The breccia consists of very coarse,
angular clasts of quartz- and feldspar-phyric rhyolite in a
felsic matrix, suggesting a proximal depositional setting
with respect to a felsic volcanic centre. The stratigraphic
position of this unit roughly corresponds to the felsic vol-
canic rocks exposed in Pain Killer Bay in southern Knee
Lake, suggesting a probable correlation.

Volcanic and chemical sedimentary rocks (unit 3)

Volcanic sedimentary rocks of the HRG are only
extensive in the southwest panel, where they define a
map unit that ranges from 600 m to 1.2 km in thickness
(Figure GS-1-2). This unit is exposed in southwest-cen-
tral Knee Lake and is inferred to be under-represented
in outcrop due to preferential erosion; commonly, these
rocks are only exposed low on the flanks of outcrop ridges
underlain by gabbro. This unit is stratigraphically equiva-
lent to similar rocks exposed 5 km along strike in south-
ern Knee Lake (Gilbert, 1985; Syme et al., 1997, 1998).
Similar rocks define a thin map unit in the eastern portion
of the northeast panel. Chemical- and volcanic-sedimen-
tary rocks occur locally in the central panel but are only
exposed on isolated small islands, with the result that their
stratigraphic context is ambiguous.

The volcanic sedimentary rocks in the southwest and
northeast panels consist mainly of sandstone and mud-
stone (subunit 3a), interlayered with pebble conglomer-
ate (subunit 3b). The sandstone is typically light grey to
white, feldspathic and pebbly, and includes minor quartz
grains or granules. Beds vary from thin to very thick

(2-3 m), with turbidite bedforms that include scours,
normal grading, rip-up clasts and load structures. Clast
populations in the conglomerate are typically hetero-
lithic but are dominated by aphyric or porphyritic (feld-
spar +quartz) intermediate—felsic volcanic material, with
subordinate clasts of mudstone, chert, basalt and gabbro.
Well-rounded clasts indicate significant transport in a sub-
aerial or shallow marine setting, whereas well-developed
turbidite bedforms indicate deposition in a basinal marine
setting. As described by Syme et al. (1997), the section
in the southwest panel appears to represent a more distal
facies of a clastic apron that extends north from southern
Knee Lake and records erosion of an intermediate—felsic
volcanic edifice.

Included in unit 3 are isolated outcrops of chemi-
cal and volcanic sedimentary rocks in the central panel.
Banded chert and magnetite iron formation (subunit 3c)
underlies a single island, roughly 80 by 120 m, in west-
central Knee Lake and is complexly folded (Figure GS-
1-3a). A very prominent circular aeromagnetic anomaly
centred just south of the island indicates that this unit
lacks strike continuity; coupled with the structural com-
plexity, this is inferred to be due to interference folding
and intense structural transposition in the central panel.
Mafic volcanic sedimentary rocks of subunit 3d are
similarly exposed on two isolated islands approximately
700 m southeast of the island described above and are
also complexly folded. They consist of interlayered, dark
grey-green pebbly sandstone, heterolithic pebble con-
glomerate and minor mudstone. Beds are generally thick
to very thick and massive to normally graded. Intervals of
planar-bedded sandstone and mudstone up to 5 m thick
contain turbidite bedforms. Conglomerate beds, ranging
up to 5 m in thickness, are matrix-supported, unsorted and
massive to crudely stratified, with diffuse contacts. Clasts
are angular to subrounded (<15 cm) and consist mostly
of aphyric basalt, with minor gabbro and felsic (chert or
aphyric rhyolite) pebbles (Figure GS-1-3b). On the west-
ern island, the volcanic sedimentary rocks are intercalated
with pillowed and massive flows of aphyric basalt. The
marked contrast to the felsic-derived volcanic sedimen-
tary rocks in the southwest panel indicates a significantly
different, more proximal provenance for these rocks.

Ultramafic—mafic sills (unit 4)

Ultramafic—mafic sills intrude the HRG in each of
the structural panels, but are thickest and most extensive
within the southwest panel, where they range up to 1.3 km
in thickness and are traced continuously along strike to
southern Knee Lake (Figure GS-1-2). These intrusions
are typically fine to medium grained and equigranu-
lar, and are subdivided into four subunits: quartz diorite
(subunit 4a); mesogabbro, leucogabbro, quartz gabbro
(subunit 4b); pyroxenite and melagabbro (subunit 4c);
and peridotite (subunit 4d). Some sills contain sparse
phenocrysts or glomerocrysts of pyroxene or plagioclase.
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Figure GS-1-3: Outcrop photographs of sedimentary
rocks in the Hayes River group (central panel): a) banded
chert-magnetite iron formation showing complex fold in-
terference (F -F,-F, arrow indicates pencil for scale); b)
mafic volcanic conglomerate containing minor pebbles of
chert or aphyric rhyolite (white).

The arrangement of subunits in individual sills typically
shows a progression to more felsic compositions in the
local direction of stratigraphic younging, indicating in-
situ differentiation within a volcanic sequence that was
horizontal at the time of emplacement. The thickest sills
in the southwest panel include discontinuous basal lay-
ers of peridotite or pyroxenite that transition upward into
mesogabbro, leucogabbro, and quartz gabbro or quartz
diorite. These sills are presumed to be broadly synvolca-
nic—this hypothesis will be tested using lithogeochemis-
try and U-Pb geochronology.

Opischikona Narrows basin

New detailed mapping in 2016, aided by excellent
bedrock exposure due to low water levels, indicates that
the Opischikona Narrows basin (ONB) includes two
sedimentary sequences: an older marine sequence that
overlies the HRG either conformably or disconformably
and defines a structurally complex isoclinal syncline;

and a younger shallow-marine to subaerial sequence that
defines a northeast-younging homocline and overlies both
the HRG and older sequence across an angular uncon-
formity. The unconformity was well-exposed in 2016
and cuts downsection toward the northwest, through the
folded older sequence, such that the younger sequence
directly overlies the HRG in the northwestern portion
of the map area (Figure GS-1-2). Gabbro intrusions and
early isoclinal folds in the older sequence do not continue
upward into the younger sequence, demonstrating both
the presence and angular nature of the unconformity. Both
sequences are truncated to the northeast by a fault that is
interpreted to represent an early thrust, along which the
central panel was thrust over the southwest panel. A thin
homocline of the younger sequence and its basal uncon-
formity are also exposed along the northeastern margin of
the central panel, indicating the presence of another early
thrust, along which the central panel was, in turn, over-
thrust by the northeast panel, thus defining a southwest-
verging thrust stack (Figures GS-1-2, -4). U-Pb ages of
detrital zircons in the younger sequence indicate the max-
imum age of deposition and thrust faulting (ca. 2710 Ma;
E.C. Syme et al., unpublished data, 2008). U-Pb ages are
not available for the older sequence, although a sample of
greywacke was collected in 2016 for this purpose.

Marine (older) sequence

The older sequence of the ONB is best exposed
immediately north and south of the narrows. The con-
tacts are nowhere exposed: the western contact with the
HRG is inferred to represent either a conformity or dis-
conformity, whereas the eastern contact is inferred to be
an early thrust fault, which defines the boundary between
the southwest and central panels. Toward the south, the
sequence is truncated by a major shear zone that trends
along the northeastern arm of southern Knee Lake and
curves inland toward the east, just south of the narrows.
To the north the older sequence is unconformably over-
lain and cut-out (i.e., eroded through) by the younger
sequence.

Mafic volcanic rocks (unit 5)

Mafic volcanic rocks in the older sequence are
exposed along the northeastern shoreline of the large
island at the outlet of Opischikona Narrows, as well as on
several small islands and reefs along strike to the south-
east (Figure GS-1-2). These rocks are also exposed on a
short peninsula of the mainland south of this island and
similar rocks were mapped by Gilbert (1985) in the inland
area south of this peninsula (not examined by the pres-
ent author). These three areas of exposure are interpreted
to represent a single unit that was segmented and offset
by a series of right-lateral faults, which were later folded
(as is observed in the adjacent greywacke). The mafic
volcanic unit consists of massive basalt (subunit 5a) and
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associated breccia (subunit 5b). The basalt weathers dark
green and is fine-grained, aphyric and sparsely vesicular.
Massive portions range up to 15 m in thickness and have
sharp, somewhat irregular contacts with thick (5-10 cm)
chilled margins (Figure GS-1-5a). They are characterized
by irregular networks of recessive fractures filled with
Fe-carbonate and chlorite; the fracturing is considered
to be mostly primary, as the fractures do not extend into
hypabyssal mafic dikes that intrude the basalt or into the
adjacent greywacke. Massive portions transition upward
into clast-supported breccia layers that range up to 20 m
in thickness and are normally graded, particularly near
the top. Clasts are angular, shard-like, less than 15 cm
in size and consist exclusively of basalt. Locally, breccia
occurs as thin discontinuous layers in massive basalt and,
conversely, massive basalt forms thin lenticular bodies
in breccia. The absence of pillows is unusual given the
demonstrably marine depositional setting, but may relate
to atypical lava composition, temperature or eruption
rate. Alternatively, this unit may represent a composite
cryptodome that was emplaced at shallow depth and was
intensely fractured due to quenching.

Feldspathic greywacke (unit 6)

Greywacke is the dominant rock type in the older
sequence and is rhythmically interbedded with mudstone,
with rare lenses of polymictic conglomerate (subunit 6a).

Well-preserved bedforms and ubiquitous younging cri-
teria provide key insights into the complex structure of
the ONB. The greywacke is feldspathic, with up to 10%
quartz locally, and is generally fine to medium grained.
It forms planar, normally-graded beds that are typically
less than 30 cm thick but locally range up to 2 m in thick-
ness. Thicker beds are scoured and pebbly at the base, and
contain abundant mudstone rip-ups. Some intervals con-
tain thin (<5 cm) beds of chert (Figure GS-1-5b). Mud-
stone generally accounts for 10-30% of the section and
is locally black, siliceous and laminated. Load structures
and soft-sediment folds are common. Pebble-conglom-
erate beds range up to 2 m in thickness and are matrix
supported, massive to crudely graded and poorly sorted.
They consist of angular to well-rounded clasts of mud-
stone, chert, gabbro, felsic porphyry and quartz; the clasts
in some beds consist almost entirely of slab-like pebbles
and cobbles of chert (subunit 6b). These features indicate
deposition mainly by low-density turbidity currents in a
basinal marine setting.

Iron formation (unit 7)

Oxide-facies iron formation is a characteristic feature
of the older sequence and is not observed in the younger
sequence, except as clasts in conglomerate; its distribu-
tion is clearly delineated by high-resolution acromagnetic
data. Two subunits are distinguished: banded chert and
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Figure GS-1-5: Outcrop photographs of rock types asso-
ciated with the older marine sequence of the Opischikona
Narrows basin: a) breccia (B) overlain by massive basalt
(M) with an irregular, chilled contact; b) thin-bedded grey-
wacke, mudstone and chert, intruded by hypabyssal mafic
dike.

magnetite (subunit 7a); and bedded mudstone, magnetite
and greywacke (subunit 7b). Both are characterized by
thin, planar beds and multiphase folds. Subunit 7b locally
contains up to 10% disseminated pyrrhotite. Iron forma-
tion occurs near the base of the sequence along the south-
western margin of the basin, suggesting that it, along with
the associated basalt flows, records the earlier increments
of basin infilling, possibly in a rift setting. However, due
to the structural complexity of this sequence, the internal
stratigraphy remains poorly understood.

Gabbro, diorite (unit 8)

The older sequence of the ONB is intruded by abun-
dant dikes and sills of mafic to intermediate composition.
These intrusions are typically fine grained and are subdi-
vided into three textural types, based on phenocryst pop-
ulations: equigranular (subunit 8a); plagioclase-phyric
(subunit 8b); and pyroxene-phyric (subunit 8c). They
typically have well-developed chilled margins and range

up to more than 15 m in thickness, although most are less
than 1 m thick (e.g., Figure GS-1-5b). Some dikes are
compound or heterogeneous, the latter containing zones
of intrusion breccia composed of melanocratic phases in a
more leucocratic matrix. At least some of these intrusions
are likely synvolcanic with respect to the basalt flows.
Included in this unit is a multiphase, plagioclase-phyric
intrusion of probable shoshonitic (high-K) affinity in the
northeast panel, which may be a subvolcanic equivalent to
similar rocks in the overlying Oxford Lake group (Ander-
son, GS-2, this volume).

Shallow-marine to subaerial (younger) sequence

The younger sequence of the ONB consists of sand-
stone and conglomerate, and is best exposed on small
islands in south-central Knee Lake, where it reaches a max-
imum thickness of approximately 500 m (Figure GS-1-2).
It defines an upright homocline that is traced along strike
for 6.5 km and dips steeply to the northeast. This homo-
cline extends inland to the northwest, beyond the present
mapping limits, and is truncated to the southeast by the
fault that defines its upper contact. A thin (<100 m) homo-
cline of the younger sequence is also traced along strike
for 1.2 km at the northeastern margin of the central panel
and is likewise fault bounded along its upper contact. The
basal unconformity was well exposed in several loca-
tions in 2016 and the best sites (one each from the cen-
tral and southwest panels) were mapped in detail. At all
locations, the immediately underlying rocks of the HRG
are fractured, carbonatized and rusty weathering, and con-
tain localized breccia, ‘corestones’ (Figure GS-1-6a; e.g.,
Babechuk and Kamber, 2010) and Fe-carbonate veins;
the latter are truncated at the unconformity (Figure GS-1-
7). At the most spectacular site (Figure GS-1-7), quartz
diorite is overlain by polymictic conglomerate that con-
tains rounded boulders of quartz diorite in a chert-peb-
ble matrix and grades upward into massive chert-pebble
conglomerate (Figure GS-1-6b). The overall features of
this sequence are comparable to late synorogenic clastic
basins in many other Archean greenstone belts.

Conglomerate (unit 9)

Polymictic conglomerate of unit 9 is subdivided into
two subunits based on clast populations: pebble to boul-
der conglomerate containing diverse types of clasts (sub-
unit 9a); and pebble to cobble conglomerate containing
mostly chert clasts (subunit 9b). Subunit 9a is abundant in
the northwestern portion of the southwest panel and is the
dominant rock type of the younger sequence in the central
panel. This conglomerate is typically clast supported and
poorly sorted. It forms massive to normally graded beds
that range up to 10 m in thickness. Clasts are subangular
to well rounded (locally spherical) and consist of various
textural types of mafic, intermediate and felsic volcanic
rock, mudstone, felsic porphyry and chert. The pebbly
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Figure GS-1-6: Outcrop photographs of rock types associated with the younger shallow-marine to subaerial sequence of
the Opischikona Narrows basin: a) massive basalt flow of the Hayes River group immediately beneath the unconformity
in the central panel, showing fractures, carbonatization, breccia and minor corestones (arrow); b) basal unconformity in
the southwest panel, showing quartz diorite (QD) overlain by polymictic conglomerate that contains boulders (B) of quartz
diorite in a chert-pebble matrix and chert-pebble conglomerate (CPC); c) thick-bedded turbiditic sandstone and mudstone
in the southwest panel, showing deep scour filled with pebble conglomerate (arrow); d) trough-crossbedded sandstone in

the southwest panel (same outcrop as in Figure GS-1-6c).

sandstone matrix locally contains wisps of fuchsite. Rounded
clasts of banded chert-magnetite iron formation are locally
abundant and form discrete lag deposits in otherwise mas-
sive beds, particularly in the central panel. The conglomer-
ate also contains minor lenticular interbeds of sandstone or
sulphidic mudstone. Conglomerate of subunit 9b contains
mostly chert clasts and is only abundant near the base of
the sequence in the southwest panel. It forms either mas-
sive clast-supported beds up to several metres thick that
contain mostly well-rounded clasts (e.g., Figure GS-1-6b)
or more diffuse, graded and lenticular beds that are matrix
supported, and contain abundant slabs of chert. These rocks
are interpreted to record uplift and largely subaerial erosion
of the older marine sequence and the underlying HRG.

Sandstone (unit 10)
Sandstone of unit 10 is abundant and well-exposed
in the southeastern portion of the southwest panel (Figure

GS-1-2). It consists of trough-crossbedded (subunit 10a)
and planar-bedded (subunit 10b) sandstone, with minor
mudstone and pebble conglomerate. These subunits are
commonly interlayered on a scale of 5 to 10 m. The sand-
stone is generally medium grained, feldspathic and peb-
bly, with variable quartz content (<15%). Intervals of
planar-bedded sandstone exhibit well-developed turbidite
bedforms, including scours, normal grading, rip-up clasts,
soft sedimentary folds, load structures and ripples. Deep
scours and channels in these sections are locally filled
with crossbedded sandstone or polymictic pebble con-
glomerate (Figure GS-1-6¢). Sections of trough-crossbed-
ded sandstone (Figure GS-1-6d) are commonly associated
with diffuse beds of chert-pebble conglomerate; foresets
indicate that the transport direction was highly variable.
Collectively, these features indicate deposition within the
channelized portion of a shallow-marine to subaerial fan.
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Figure GS-1-7: Outcrop map of the basal unconformity of the younger shallow-marine to subaerial sequence of the Opis-
chikona Narrows basin (southwest panel), showing quartz diorite overlain by quartz-diorite—boulder conglomerate and
chert-pebble conglomerate; the upper 5—-10 m of the quartz diorite is moderately to strongly carbonatized in this location
and contains veins of Fe-carbonate that are truncated by the unconformity.

Late intrusions

Diabase dikes (unit 11)

Thin (<1 m) diabase dikes and sills cut the shallow-
marine to subaerial sedimentary rocks at three locations
in the northwestern extent of the ONB. These intrusions
weather greenish grey, and are fine grained and aphyric.
They typically have thick (up to 5 cm) vesicular chilled
margins consistent with high-level emplacement. Con-
tacts are sharp and locally irregular.

Intermediate—felsic dikes (unit 12)

High-level porphyritic intrusive rocks of intermedi-
ate—felsic composition are sporadically exposed through-
out south-central Knee Lake. These intrusive rocks are
characterized by a pale pink to buff, aphanitic to very fine-
grained groundmass, and are divided into two subunits on
the basis of phenocryst content: feldspar porphyry (sub-
unit 12a); and quartz-feldspar porphyry (subunit 12b).

Quartz and feldspar phenocrysts are typically less than
5 mm in size and account for less than 20% of these rocks.
The dikes have sharp, planar contacts with thick chilled
margins; the largest intrusions of this type form dikes or
sills up to 100 m thick near the southwestern margin of
the northeast structural panel (Figure GS-1-2).

Lamprophyre dikes (unit 13)

Lamprophyre dikes cut the HRG and ONB, and
also locally intrude major plutons that bound the Oxford
Lake—Knee Lake belt (Anderson et al., 2015b). These
dikes weather a distinctive dark green or emerald green,
and include equigranular (subunit 13a) and porphyritic
(subunit 13b) subtypes. The latter contains 10-20%
dark brown or black phlogopite/biotite phenocrysts up
to 2.5 cm in size in a fine-grained groundmass, whereas
the former contains fine-grained phlogopite/biotite in
the groundmass. The dikes range up to 3 m in thickness
and are characterized by sharp planar contacts and thick
(35 cm) chilled margins (Figure GS-1-8a); some dikes
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Figure GS-1-8: Outcrop photographs of late intrusive
rocks in the study area: a) lamprophyre dike cutting turbid-
itic sandstone of the younger sedimentary sequence in the
southwest panel; note thick chilled margins and coarsely
porphyritic core, with recessively weathered phlogopite/
biotite phenocrysts; b) discrete swarm of thin carbonate
dikes, tentatively interpreted as carbonatite, cutting Hayes
River group pillowed basalt in the southwest panel (arrows
indicate pillow selvages); note dark green metasomatic
halo surrounding the dikes.

contain apparently exotic granitoid xenoliths. These
rocks, and their potential reworked extrusive equivalents,
are described in a companion report (Anderson, GS-2,
this volume).

Carbonate dikes (unit 14)

One of the salient outcomes of the 2016 mapping was
the discovery of a swarm of carbonate dikes in the west-
ernmost bay of south-central Knee Lake, immediately east
of Cinder Lake (Figure GS-1-2). These dikes are tenta-
tively interpreted to represent carbonatite, perhaps related
to the adjacent Cinder Lake alkaline intrusive complex.
The earthy brown-weathering dikes are typically fine-
grained and equigranular. They consist mainly of carbon-
ate (>80% calcite-dolomite), with lesser silicate, oxide

and sulphide mineral phases; most are magnetic, indi-
cating the presence of fine disseminated magnetite. The
dikes have sharp, planar contacts and vary from massive
(subunit 14a) to flow layered (subunit 14b). The hostrocks
(gabbro, basalt and volcanic sedimentary rocks) adjacent
to the dikes contain dark green metasomatic haloes that
range up to 40 cm in thickness (Figure GS-1-8b). The
dikes trend generally east, dip steeply north or south and
range up to 1 m in thickness; they discordantly cut ductile
deformation fabrics in the hostrock. Some dikes appear to
be controlled by northwest-trending sinistral and north-
east-trending dextral faults, perhaps representing a con-
jugate set, and locally appear to have filled dilation jogs
along these structures. The dikes were identified in four
locations over a north—south distance of approximately
3 km, and generally appear to become thicker and more
abundant toward the south. On the basis of mineralogical
and geochemical evidence, Chakhmouradian et al. (2008)
concluded it was highly probable that the Cinder Lake
alkaline intrusive complex is associated with unexposed
carbonatite—an assertion supported by the discovery
of the carbonate dikes immediately to the east at Knee
Lake. Whole-rock geochemical data indicate these rocks
are strongly enriched in Ba, Sr and light rare-earth ele-
ments, which supports the inference that they crystallized
from primary carbonatitic magmas, rather than represent-
ing remobilized sedimentary carbonate or hydrothermal
veins.

Tectonite

Tectonite (unit 15)

In marked contrast to the southern basin, tectonite
tends to be much thinner and less extensive in the cen-
tral basin of Knee Lake, where zones of phyllonite and
mylonite rarely exceed 5 m in thickness. The most con-
tinuous zones mark the faulted contacts of the three major
structural panels. Kinematic indicators are not well devel-
oped on horizontal outcrop surfaces, suggesting the major
or latest increment of movement was primarily dip-slip.
In most locations, these zones contain weak to moder-
ate chlorite-sericitetankerite alteration and minor, highly
attenuated quartz-carbonate-chlorite veins.

Structural geology

Map patterns, mesoscopic deformation structures and
overprinting relationships indicate a very complex history
of deformation in the Opischikona Narrows area. Analy-
sis of structural data collected in 2016 is ongoing; in the
interest of brevity and for the purpose of understanding
map patterns and structural relationships of the various
map units, only a brief summary of preliminary findings
is provided here.

The main ductile deformation fabric observed in most
outcrops is defined by flattened and stretched primary
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features (e.g., pebbles, pillows, amygdules) and an asso-
ciated penetrative foliation. This fabric generally trends
northwest, dips subvertically and contains a downdip
stretching lineation that varies from oblate to strongly
prolate. In the older sedimentary sequence, this fabric
is axial-planar to macroscopic, tight to isoclinal, upright
folds that trend northwest and plunge steeply to the south-
east (Figure GS-1-9a). This fabric transects earlier tight
to isoclinal folds indicated by younging reversals in the
greywacke turbidites and, for this reason, is assigned to
the second generation (G,) of deformation structure, with
the early folds representing G, structures. Toward the
north, the macroscopic F, folds do not carry across into
the younger shallow-marine to subaerial sequence (i.c.,
macroscopic younging reversals are not observed in the
younger sequence; Figure GS-1-2, -4), which is taken to

indicate that the F, folds are older. Thus, the basal contact
of the younger sedimentary sequence is interpreted to be
an angular unconformity and this sequence can be thought
of as broadly synorogenic.

The younger sequence also contains a planar-linear
(S-L) shape fabric and locally penetrative foliation. These
fabrics also trend northwest but, in contrast to the S-L fab-
ric in the older sequence, are only associated with minor
open S-folds that plunge steeply to the northwest. These
structures are interpreted to result from renewed shorten-
ing subsequent to F, folding of the older sequence and are
therefore considered to be G, structures (the S.-L, fabric
is spectacularly developed in lamprophyre dikes cutting
the younger sequence; Figure GS-1-9b). In this model, the
G, fabric in the older sequence thus represents a composite

Figure GS-1-9: Outcrop photographs of deformation structures in the Opischikona Narrows basin (southwest panel):
a) tight, upright, steeply-plunging F, fold in greywacke turbidites of the older sequence; b) stretching lineation defined by
phlogopite/biotite phenocrysts (arrows) in lamprophyre, which were pulled apart along cleavage planes (same dike as
in Figure GS-1-8a); ¢) example of discrete right-lateral shear zones on the limb of a macroscopic F, isocline in the older
sequence (arrow indicates pencil for scale); the shears crosscut beds (B) and the bedding-parallel G, fabric, and are
overprinted by tight F, folds (dashed line); this is interpreted to represent a small-scale example of the folded right-lateral
structures that offset mafic volcanic rocks of unit 5 (Figure GS-1-2); d) sandstone (S) of the younger sequence juxtaposed
with Hayes River group variolitic pillowed basalt (VPB) across an inferred thrust fault (dashed line); crossbedding and pil-
low cusps indicate a ‘face-to-face’ contact relationship in this location; the fabric associated with the thrust overprints the
regional G, shape fabric, and is itself overprinted by later crenulations.
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G,-G, fabric that records renewed tightening of the mac-
roscopic F, folds during later shortening. Evidence of the
composite nature of this fabric is found in the turbidites
west of the narrows, where discrete right-lateral shear
zones crosscut bedding and the bedding-parallel G, fabric
on the limb of a macroscopic F, isoclinal fold, and are
overprinted by tight F, folds that trend northwest, sub-
parallel to the G, fabric (Figure GS-1-9¢). Both the shear
zones and later folds are attributed to continued G, short-
ening.

The G, shape fabric (S,-L,) is transposed into the
penetrative ductile foliation associated with the faulted
contacts of the major structural panels (Figure GS-1-9d);
hence, these faults and associated fabrics either formed
during a later increment of G, shortening or represent
younger, G, generation structures. All of these fabrics are
in turn overprinted by a northeast-trending crenulation or
fracture cleavage, which is generally the youngest fab-
ric observed in the Opischikona Narrows area, thus cor-
responding to G, or G, structure. Later brittle-ductile or
brittle structures include concordant to highly discordant
faults, some of which are associated with narrow (<1 m)
zones of cataclasite or pseudotachylite.

Major ductile shear zones of the type described at
southern Knee Lake (e.g., Lin et al., 1998; Lin and Jiang,
2001; Anderson et al., 2015b) are not observed in south-
central Knee Lake, suggesting this area was sheltered
from that style of regional deformation, perhaps due to
its location in a north-trending neck of supracrustal rocks
bounded by plutons.

Economic considerations

Based on what is presently known about its geology,
coupled with results of previous exploration, the Knee
Lake area has potential for a number of mineral-deposit
types, including volcanogenic Cu-Zn-Pb-Au-Ag, mag-
matic Ni-Cu-PGE, intrusion-related rare metals, orogenic
Au, and diamonds. Results from this study provide an
improved understanding of the stratigraphic and struc-
tural framework, which can be used to formulate explora-
tion strategies.

Felsic volcanic rocks of the HRG have been explored
in the past for volcanogenic massive sulphide (VMS)
deposits and contain strong evidence of VMS potential,
including: calcalkalic, arc-type geochemistry; vent-prox-
imal volcanic facies associations such as rhyolite flows
and coarse volcaniclastic rocks; drill intercepts of solid
sulphide (massive pyrite-pyrrhotite over core lengths
of 20-33 m); weakly anomalous Zn (0.86%) and Cu
(0.31%); layers of siliceous exhalite; and stringer-style
alteration (e.g., Assessment Files 72612, 94730). Layered
ultramafic—mafic intrusions in the HRG have also been
tested by diamond drilling, presumably as targets for
magmatic Ni deposits, but assay results for Ni were not
reported (e.g., Assessment Files 91190, 91191, 91192);

these remain interesting exploration targets, particularly
where they show evidence of in-situ magmatic differen-
tiation or discordant footwall feeder dikes (e.g., Anderson
et al., 2015b).

The Cinder Lake alkaline intrusive complex, which
intrudes the HRG just west of the map area, exhibits sev-
eral indications of rare-metal potential, including: numer-
ous species of rare-earth element (REE)-bearing minerals
(Kressall et al., 2010); potentially complex internal zon-
ing (as indicated by aeromagnetic data); and a possible
association with carbonatite (Chakhmouradian et al.,
2008; this study), which is the major host of REE deposits
worldwide. Despite these attributes, this complex has not
been systematically explored for rare-metal mineraliza-
tion.

The geology and structure of the Oxford Lake—Knee
Lake belt in general, and south-central Knee Lake in
particular, indicate significant similarities to major gold
districts elsewhere in the Superior province, including
Timmins and Kirkland Lake in Ontario, and Rice Lake
in Manitoba. Commonalities include: early faults and
folds, synorogenic clastic basins, alkaline intrusions and
volcanic rocks, thick-skinned thrusts, and late strike-slip
faults. Of particular note is the structural geometry of
the younger sedimentary sequence, which includes two
homoclinal basins bounded by a footwall unconformity
and hangingwall thrust fault (Figure GS-1-4). This geom-
etry is similar, albeit on a smaller scale, to that described
by Bleeker (2015) for the Kirkland Lake and Timmins
districts in the Abitibi belt, where such basins are thought
to offer a first-order guide to the most favourable por-
tions of the gold metallotect. In the present case, and by
analogy with these districts, chemically favourable rocks
(mafic flows and iron formation) in the immediate foot-
wall of the thrust that bounds the older marine sequence
are logical exploration targets.
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