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Figure 1. Generalized sill stratigraphy in the Crystal Lake-Pigeon River 
area. Sills are designated A to F from lowest to highest. Dashed lines en- 
close areas of subcrop and outcrop associated with topographic highs.
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MARGINAL NOTES

LOCATION AND ACCESS

The Crystal Lake-Pigeon River area is centred approximately 
40 km southwest of Thunder Bay. Road access to the area 
from Thunder Bay may be gained by travelling south on High 
way 61 . A network of all-weather highways and logging roads 
provides access to outcrop on the mainland. Exposures on the 
northern shore of Lake Superior and on the offshore islands are 
accessible by boat from Pine Bay and Cloud Bay.

A private gravel road extending west from Highway 61 
north of Crystal Lake provides access to the mineralized zone 
of the Great Lakes Nickel Limited occurrence.

MINERAL EXPLORATION

Economic interest in the Crystal Lake-Pigeon River area was 
initially for silver and barite mineralization in calcite-barite veins 
and copper-nickel sulphide mineralization in mafic hypabyssal 
and gabbroic intrusive rocks. Recent exploration interest has 
focussed on platinum group element (PGE) mineralization in 
the Crystal Lake Gabbro and the Pine River-Mount Mollie Intru 
sion.

Great Lakes Nickel Limited and Boliden Aktiebolag of Swe 
den have outlined a 2one of PGE-bearing copper-nickel sul 
phide mineralization in olivine gabbro at the base of the Lower 
Zone in the Crystal Lake Gabbro. Proven and indicated re 
serves in the sulphide zone were outlined at 41, 4 million 
tonnes grading 0.334 percent Cu, 0.183 percent Mi, 0.69 g/t 
Pd, 0.21 g/t Pt, 0.01 g/t Rh, 0.07 g/t Au, and 2.06 g/t Ag 
(Postle ei at. 1986).

Increasing interest in PGEs, beginning in 1985, has resulted 
in extensive claim staking within mafic intrusive rocks in the 
map area. Exploration work in 1986 and 1987 has resulted in 
the discovery of several zones of anomalous PGE values.

Information on mineral exploration reported here, unless 
otherwise indicated, is taken from the Assessment Files Re 
search Office, Ontario Geological Survey, Toronto.

SILVER AND BARITE

Silver was first discovered in the area during the mid-1800s by 
the Montreal Mining Company, and was eventually mined from 
three localities. Steeply dipping to vertical calcite-barite-quartz 
veins hosting silver mineralization at the Jarvis Istend Mine, 
Spar Island Mine, and the Prince Mine (on the northern shore of 
Lake Superior, southwest of Jarvis Point) saw limited exploita 
tion from adits and shallow shafts.

Continued surface and underground exploration in the late 
1800s and early 1900s failed to outline any additional economic 
silver reserves. Barite was, however, recovered during this 
time from zoned calcite-barite veins on Jarvis Island and 
McKellar Island. Silver and barite production was eventually 
suspended as a result of diminishing grades and deposit size.

CRYSTAL LAKE GABBRO

Copper and nickel ware reportedly discovered at the turn of the 
century in gabbroic boulders along the western border of 
Pardee Township by J. A. McCuaig. At approximately the same 
time, native copper was discovered in amygdaloidal basalt 
boulders in the northwestern part of Crooks Township. Pros 
pecting activities in the early 1900s to determine the source of 
these mineralized boulders led to the discovery of the Great 
Lakes Nickel Limited occurrence in the Crystal Lake Gabbro.

The original property consisted of 1 1 claims which were 
staked in 1952 by J. S. Brodie and T. W. Page, and sold to Mat 
tawin Gold Mines Limited. Falconbridge Nickel Mines Limited 
optioned the property in the same year, and after discovering 
only low grade ores, allowed the option to lapse. In 1954, an 
option was taken out on the property by R. Barker and 
W. Dawdowich, who drilled 6 holes totalling 1057 m. In the 
same year, the property was optioned to Mogul Gold Mining 
Limited. Seven drill holes totalling 1693 m were completed.

In 1964, the property was optioned by Great Lakes Nickel 
Corporation Limited. Between 1965 and 1967, a total of 28 drill 
holes (9656 m) were completed to test the copper-nickel mi 
neralization at the base of the intrusion. A group of claims on 
the eastern side of the intrusion was acquired from the Ren- 
shaw Brothers by the Thunder Bay Nickel Mining Corporation 
Limited, which in 1969 amalgamated with Great Lakes Nickel 
Corporation Limited to form Great Lakes Nickel Limited. In 
1969, Great Lakes Nickel Limited drove a 27 m adit eastwards 
into the mineralized zone from a cliff section exposure, and 
completed 19 underground drill holes totalling 392 m.

Boliden Aktiebolag of Sweden acquired partial ownership of 
Great Lakes Nickel Limited in 1972. In this year, the first adit 
was deepened to 37 m and a second adit/decline of 1052 m 
was excavated in the mineralized zone. By 1974, 58 674 m of 
surface diamond drilling and 25 268 m of underground dia 
mond drilling had been completed. This drilling program out 
lined reserves of 45.6 million tons grading 0.517 percent cop 
per -h nickel, along with anomalous quantities of PGEs, gold, 
and silver. Boliden placed the development work, which in 
cluded ore treatment and feasibility studies, on standby in 
1974.

In 1985, renewedHnterest in PGEs prompted Great Lakes 
Nickel Limited to complete preliminary studies on some of their 
drill core. This work indicated the presence of PGEs in narrow 
chromite-rich bands above the delineated copper- nickel sul 
phide zone (Postle et a/. 1986).

In 1986, Great Lakes Nickel Limited and Boliden Aktiebolag 
terminated their 1972 financing agreement. Later in the same 
year, Fleck Resources Limited optioned the property. Between 
September 1986 and February 1987, Fleck Resources Limited 
completed geological mapping and sampling, as well as the 
re-logging and assaying of more than 9144 m of drill core. Six 
holes were drilled to test for PGE mineralization.

Numerous small copper nickel occurrences were discovered in 
northeast trending olivine diabase dikes, and in the Pine River- 
Mount Mollie Intrusion, between 1950 and 1970. These occur 
rences have been tested for copper, nickel, and PGE minerali 
zation by stripping, trenching, geophysical surveys and, in 
some cases, diamond drilling.

A limited amount of exploration work has been completed 
to date on the Pine River-Mount Mollie Intrusion. In 1966, 
Whiteciate Mining Company Limited staked a claim block in 
gabbro south of the Pine River. A magnetometer survey was 
completed, along with six diamond-drill holes totalling 1252 rn. 
This work outlined the presence of disseminated copper-nickel 
sulphide mineralization in gabbro of the Pine River-Mount Mollie 
Intrusion.

In 1968, Phelps Dodge Corporation of Canada Limited op 
tioned a group of 60 claims covering part of the Pine River- 
Mount Mollie Intrusion in Crooks Township. Geological and geo 
physical surveys outlined the extent of mafic rock beneath the 
overburden cover. Seven diamond-drill holes totalling 3027 m 
were completed to test for copper-nickel mineralization. Dis 
seminated sulphide mineralization consisting of nickeliferous 
pyrrhotite and chalcopyrite was discovered to contain grades 
up to 0.46 percent copper + nickel.

Recent claim staking and prospecting activity has centred 
on various copper nickel occurrences within the Pine River- 
Mount Mollie Intrusion.

GENERAL GEOLOGY

The Crystal Lake-Pigeon River area was first mapped on a re 
connaissance scale (1:63360) by Tanton (Tanton 1936a, b, 
c); this information forms the basis of ODM Geological Compi 
lation Map 2065 (Pye and Fenwick 1965). More recent maps 
and geological reports were completed by Geul (1970, 1973) 
at a scale of 1:31 680.

The area lies within the Southern Province of the Canadian 
Shield. Early Proterozoic sedimentary racks exposed in the 
area form a nearly unrnetamorphosed cratonic cover over un- 
exposed Archean rocks of the Superior Province. The sedi 
ments have been intruded by Middle Proterozoic igneous rocks 
during the Keweenawan rifting event.

The stratigraphic thickness of Proterozoic rocks in the 
Crystal Lake-Pigeon River area is approximately 770 m. The 
Rove Formation sedimentary rocks reach a thickness of 
457 m, as inferred by diamond-drill holes (Geul 1970). The to 
tal thickness of diabase sill material as measured from sill sec 
tions is 1 57 rn.

Keweenawan volcanic rocks which overlje the diabase sills 
and sedimentary rocks are exposed in northern Minnesota on 
Luclite Island, approximately 4 km south of the map area. The 
pillowed to porphyritic basalt flows which comprise the Grand 
Portage Lavas are characterized by reversed magnetic polarity 
(Palmer 1970}, and may form part of the North Shore Volcanic 
Group.

Early Proterozoic (Aphebian) sedimentary rocks in the map 
area consist of arenaceous and argillaceous units of the Rove 
Formation of the Animikie Group (Geul 1970). A lower unit con 
sisting of shales, siltstones, and mudstones forms the base of 
the formation, which grades upward into a unit of greywacke 
with argillaceous interbeds. The interbedded greywacke and 
argillite unit has been shown by drilling to be 381 m thick, and 
together with the lower argillite unit provides a total thickness of 
approximately 457 m (Geul 1970).

Thinly bedded, grey to black, fissile argillites display local 
sole and ripple marks. Greywacke beds 5 to 40 cm thick are 
grey to buff in colour. Most beds are massive; however, cross 
bedding and grain-size grading are locally observed. Thin 
quartzite beds (10 to 20 cm thick), which occur in outcrop in 
the central part of the map area, are situated in the upper part 
of the sedimentary sequence. A single 20 cm thick limestone 
bed was discovered in the south-central part of the area, just 
north of Pigeon River.

Paleocurrent directions indicate that the Rove Formation 
sedimentary rocks were derived from Archean basement ter 
rain to the north and deposited in moderately deep basins by 
southward-flowing turbidity currents (Franklin 1970).

Middle Proterozoic rocks which intrude sedimentary units of 
the Rove Formation consist of plutonic to hypabyssal 
Keweenawan intrusions. These rocks represent the first of a 
series of major intrusive events in the Crystal Lake-Pigeon 
River area.

LOGAN SILLS

Sills and sheets of diabase and granophyre dip gently south- 
westward and form large cuestas which protect the underlying 
sedimentary rocks from erosion. The sills have a reversed 
magnetic polarity (Palmer 1970) and are probably of similar 
age to sills in the Nipigon area, which have been dated at 
1108.8 !;Ma by Davis and Sutcliffe (1985) using the U Pb zir 
con method. As in the Nipigon area, the Thunder Bay Logan 
Sills were intruded at an early stage of Keweenawan rifting. The 
petrology of similar Logan Sills in adjacent Cook County. Min 
nesota, has been reported by Jones (1984).

Six major sills (those greater the 5 m thick) were traced 
throughout the study area and account for much of the 
stratigraphic section. Individual sill thicknesses can reach a 
maximum of 50 m. The combined thickness of all major sills in 
the map area is estimated at 157 m, from measurements of 
exposed sill sections.

Sills are, for the most part, conformable, but they pinch 
and swell along strike and locally cut the underlying sedimen 
tary rocks. In cross section, a lobe of one sill on Spar Island 
appears to terminate in interbedded greywacke and argillite. 
North of the Crystal Lake Gabbro, a series of diabase fingers, 
which have elliptical cross sections with long axes of approxi 
mately 1 m, are intruded into interbedded greywacke and argil 
lite. These features appear to represent a stage in the growth 
of a sill. The fingers are similar to those documented by Pollard 
era/. (1975) in the Shonkin Sag Laccolith, where evidence sug 
gests that sill propagation occurs as intruding lobes of diabase 
coalesce into continuous sheets.

The sills are primarily composed of fine- to medium- 
grained, equigranular quartz diabase. They exhibit chilled con 
tact zones against host sedimentary rocks, which display only 
weak contact metamorphism. Typical sill sections are charac 
terized by basal, aphanitic to fine-grained chill zones a few 
centimetres thick, which grade upward into fine-grained ophitic 
diabase. The central portion of a sill often consists of fine- to 
medium-grained diabase with medium- to coarse-grained pla 
gioclase phenocrysts. This porphyritic diabase grades upward 
into a medium- to fine-grained, red weathering, iron oxide-rich 
diabase. Additional megascopic features observed within sills 
include well-developed vertical columnar jointing, leucocratic 
lenses and layers, and rare sedimentary rock inclusions.

The composite sill exposed in Jarvis Township (Sill B on 
Figure 1) is composed of, from base to top, a chilled diabase 
margin, a lower zone of diabase grading upward into plagio 
clase- and pyroxene-phyric, altered diabase, and an upper 
most hematitized granophyre. The diabase at the base of the 
sill varies from ^.5 m thick on Victoria Island to 5-0 m thick 
along the shore of Crystal Bay. The upper granophyric part of 
the sill varies in thickness from 12 m in the Jarvis Road area to 
19 m on Victoria Island.

A north-trending diabase dike situated southeast of Crystal 
Lake may represent a feeder dike for Logan sill material. This 
dike, measuring 2 km in length and 80 m in thickness, con 
tains diabase which is similar in mineralogy and composition to 
diabase in the Ldgan Sills. This dike is crosscut by younger, 
northeast-trending, Pigeon River diabase dikes.

PIGEON RIVER DIKES

Logan Sills and Rove Formation sedimentary rocks are cut by a 
swarm of diabase dikes, which dip steeply to the south- 
southeast and trend east-northeast to northeast. These dikes 
are referred to as the Pigeon River Dikes (Geul 1970) and rep 
resent the second major intrusive event in the Crystal Lake-Pi 
geon River area. They differ from the sills in that they are oli 
vine tholeiitic in composition and are characterized by normal 
magnetic polarity (Pesonen 1979). Pigeon River Dikes average 
50 to 70 m in thickness, but may be as much as 150 m thick 
and can be traced semi-continuously for up to 15 km along 
strike.

A consistent pattern of upwarping of sedimentary rock 
beds against the steeply dipping southern sides of the Pigeon 
River Dikes was observed. This upwarping probably reflects 
normal faulting along fracture zones prior to dike emplace 
ment. Slickensides on some dike-sedimentary rock contacts 
suggest later reactivation of these faults.

Fine- to medium-grained ophitic diabase is the most com 
mon rock type in the dikes, with 0.5 to 1.5 cm oikocrystic 
pyroxene grains clearly visible in outcrop. Plagioclase-phyric, 
glomeroporphyritic, and megacrystic diabase locally occurs in 
the cores of dikes. Othe r megascopic features noted in the 
dikes include pegmatitic patches, leucocratic segregations, 
lenses of massive sulphide minerals, and granitic inclusions. 
Horizontal columnar jointing is well developed in many dikes. 
Locally, as on Victoria Island, the presence of multiple patterns 
of columnar jointing indicates the occurrence of composite 
dikes,

Two types of contacts have been observed between the 
diabase dikes and sedimentary rocks. Most commonly, the 
contact is characterized by a margin (usually ^ cm thick) of 
aphanitic to fine-grained, chilled diabase. However, some dike 
contacts are more gradational and are characterized by fine- 
to medium-grained, hematitized, dioritic margins which are 0.5 
to 1.0 m thick and contain xenoliths of pa/tially assimilated 
greywacke and shale. Granophyric patches are locally present 
in the contact zone. Uralitization, carbonatization, and saus 
suritization appear to be more pervasive in the marginal zones 
of the dikes. Contact metamorphism of the host sedimentary 
rock is restricted to baked hornfels zones less than 10 crn wide 
adjacent to sharp contacts, and broader zones adjacent to 
gradational contacts.

In one location, immediately north of the Crystal Lake Gab 
bro, a 3 rn wide, near vertical, diabase dike with a trend similar 
to that of the Pigeon River Dikes projects through sedimentary 
rocks and turns to a horizontal attitude, forming a 1.5 rn wide 
sill near the top of the exposed section.

ARROW RIVER DIKES

A major northwest-trending diabase dike can be traced inter 
mittently for 15 km in the central part of the map area. A 
mineralogically and texturally similar north-northwest-trending 
dike occurs on McKellar Point on Lake Superior. These dikes, 
here referred to as the Arrow River Dikes, appear to crosscut 
olivine diabase dikes of the Pigeon River dike swarm.

Arrow River diabase dikes are petrographically similar to 
the Logan Sills.,In gontast to the Pigeon River Dikes, the Arrow 
River Dikes contain quartz and a higher modal abundance of 
pyroxene. Texturally, the diabase is equigranular in appear 
ance, with local plagioclase-phyric to glomeroporphyritic tex 
tures.

CRYSTAL LAKE GABBRO

The fourth major intrusive event recorded in the map area is 
the emplacement of the Crystal Lake Gabbro and the Pine 
River-Mount Mollie Intrusion. These intrusions postdate the 
Logan Sills, Pigeon River Dikes, and Arrow River Dikes.

The geology of the Crystal Lake Gabbro has previously 
been described by Geul (1970) and Whittaker (1986). The in 
trusion was mapped st a scale of 1:7920. (1 inch to 1/8 mile) 
during the 1987 field season to document the igneous stratig 
raphy and to determine the distribution of copper, nickel, and 
PGE mineralization.

The intrusion is approximately y-shaped in plan and can be 
divided into a west-northwest-striking northern limb 5 km long, 
and an east-northeast-striking southern limb 2.75 km long. 
Measurements of layering and foliation suggest that the sur 
face geometry of the northern limb may result from the tilting 
of a canoe-shaped body which is open on the western end.

The Crystal Lake Gabbro exhibits fresh, primary, igneous 
mineralogy. Four major lithologic zones, based on field charac 
teristics, were defined in the northern limb of the intrusion: the

Basal, Lower, Middle, and Upper zones. They are best ex 
posed on the cliff face at the western end of the northern limb 
of the intrusion. The following descriptions are based on obser 
vations of this section.

The Basal Zone, which consists of chilled, aphanitic to fine 
grained gabbro, is in contact with argillite and greywacke of the 
Rove Formation at the base of the intrusion. Partly assimilated 
sedimentary wall rock fragments occur, in this chilled border 
phase, which has a maximum thickness of 7 m. Where chilled 
gabbro crosscuts Pigeon River Dikes, oval inclusions of the 
diabase dike are hosted by the gabbro. Some dikes project 
into the gabbro. These projections, however, do not intrude 
the gabbro, but rather appear to be competent remnants of 
dikes which were not completely stoped away by the gabbro.

The Basal Zone is overlain -by medium- to coarse-grained 
gabbro of the Lower Zone, which reaches a thickness of 50 m. 
Abundant patches of gabbro pegmatite and blocks of 
leucotroctolite occur in the lower half of the Lower Zone. The 
copper-nickel mineralization of the Great Lakes Nickel Limited 
occurrence, which consists of patches and disseminations of 
chalcopyrite, pentlandite, and pyrrhotite, also occurs in the 
lower part of the Lower Zone, The upper part of the Lower 
Zone contains segregations of coarse-grained to pegmatitic 
leucogabbro and leucotroctolite with abundant disseminated 
chromite. These chromite-hch segregations are elliptical, and 
tend to be elongate parallel to layering.

The Middle Zone is 30 m thick. It is defined by the begin 
ning of distinct phase layering. Isolated to intermittent layers of 
anorthosite, olivine leucogabbro, chromite-rich anorthosite, 
and melanocratic olivine gabbro occur in the olivine gabbro. 
Anorthosite to leucocratic layers are greater than a decimetre 
thick, while chromite-rich and melanocratic layers are usually 
less than a decimetre thick.

The Upper Zone consists of coarse-grained olivine gabbro 
and an overlying medium-grained troctolite. It is defined by the 
disappearance of distinct chromite-bearing and anorthosite lay 
ers, and the appearance of wispy melanocratic layers. The Up 
per Zone is approximately 80 m thick. Wispy to intermittent 
modal layering defined by changes in modal concentrations of 
plagioclase, olivine, and pyroxene is locally developed in the 
Upper Zone. Other megascopic features observed in the troc 
tolite include a local strong planar lamination of plagioclase and 
lensoid pegmatitic patches, oriented parallel to foliation.

Gabbroic rocks in the Crystal Lake Gabbro are mesocumu- 
lates to orthocumulates, with cumulus plagioclase, chromite, 
and olivine, and intercumulus clinopyroxene, magnetite, and 
copper-nickel sulphide minerals. The modal proportion of oli 
vine increases with increasing stratigraphic height, while cop 
per-nickel sulphide minerals decrease in abundance. The inter 
preted crystallization sequencs is chromite-olivine-plagio- 
clase-clinopyroxene-magnetite-apatite.

PINE RIVER-MOUNT MOLLIE INTRUSION

A major composite dike, here called the Pine River-Mount 
Mollie Intrusion, extends from the western edge of Crooks 
Township in the west to McKellar Island in the east. The intru 
sion, which is 60 to 350 m wide, can be traced for approxi 
mately 35 km. The body strikes easterly on the mainland, and 
northeasterly where it forms a chain of islands in Lake Supe 
rior. The intrusion is comprised of a suite of gabbroic, dioritic, 
and granophyric rocks.

Medium- to coarse grained gabbro and olivine gabbro simi 
lar to that in the Crystal Lake Gabbro locally exhibit steeply dip 
ping modal layering. Patches of pegmatitic gabbro and pods 
containing massive sulphide mineralization occur along the 
margins of the intrusion. With increasing hornblende and quartz 
content, the gabbro grades into diorite. Diorite varies from fine 
to coarse grained, is often hematitized, and contains numer 
ous miarolitic cavities. Rounded to subangular inclusions of 
sedimentary rock and pillow-shaped mafic inclusions occur lo 
cally in the diorite.

Fine- to medium-grained, hematitized granophyre is abun 
dant in the central to western portions of the intrusion. This 
rock contains abundant quartz, alkali feldspar, and miarolitic 
cavities. It occurs in both gradational and sharp contact with 
the diorite. The gradational contact is characterized by net-tex- 
tured rocks with granophyre matrix material surrounding fine 
grained diorite.

Textural evidence in the intrusion suggests that interaction 
occurred between coexisting mafic to felsic magmas. These 
textures include the presence of apophyses and net veins of 
granophyre within diorite and gabbro, hematitized diorite con 
taining patches of quartz diorite and gabbro, and the presence 
of skeletal amphibole and pyroxene crystals developed along 
interfaces between granophyre and diorite. The skeletal tex 
tures suggest supercooling of the more mafic liquid, thus im 
plying the coexistence of two compositionally distinct liquids.

A zone of brecciation exposed on McKellar Point provides 
evidence for local explosive emplacement of felsic magma. 
Outcrops in this breccia zone are composed of subangular 
mafic (dioritic) inclusions and angular sedimentary wall rock 
inclusions hosted in a granophyric matrix which also contains 
calcite-filled fractures and vugs, In this case, the granophyric 
phase of the composite intrusion has been explosively 
emplaced into partly consolidated mafic rocks and overlying 
sediment.

The Pine River-Mount Mollie Intrusion, although not spatially 
continuous with the Crystal Lake Gabbro, may be contempora 
neous with it. These intrusions may have formed from the 
same magma reservoir, with the Crystal Lake Gabbro repre 
senting cumulates from the magma, and the Pine River-Mount 
Mollie Intrusion representing magma which has both mixed 
with, and been intruded by, intermediate to felsic melts.

ECONOMIC GEOLOGY
The copper-nickel mineralization near the base of the Crystal 
Lake Gabbro may have resulted from the introduction of sul 
phur into the magma by the assimilation of sulphur-bearing wall 
rock. Hydrous silicate phases are common within Lower Zone 
pegmatoidal patches, suggesting high volatile (fluid) activity in 
the magma. This may have been important in the transporta 
tion and redistribution of PGE-bearing sulphide minerals. As 

similation processes are considered important in the formation 
of PGE-bearing copper-nickel sulphide deposits in the Duluth 
Complex (Weiblen 1982) and at Norilsk, U.S.S.R. (Naldrett and 
Macdonald 1980).

Samples collected from the Crystal Lake Gabbro during the 
current project yielded anomalous PGE values. A sample of 
pegmatitic gabbro from the mineralized base of the Lower 
Zone containing chalcopyrite, pyrrhotite, and pentlandite re 
turned values of 9700 ppm Cu, 1900 ppm Ni, 7810 ppb Pd, 
95 ppb Pt, and 210 ppb Au. Anomalous PGE values were also 
obtained from chromite-bearing anorthosite gabbro, 
stratigraphically located above the copper-nickel minerali 
zation. Grab samples of chromite-bearing leucogabbro to anor 
thosite, containing minor quantities of chalcopyrite, returned 
values of 575 ppm Cu, 710 ppm Ni, 360 ppb Pd, 70 ppb Pt, 
and 4.04 percent Cr, Chromite-bearing layers from the overly 
ing Middle Zone contain disseminated sulphide minerals; three 
grab samples from these layers did not return anomalous PGE 
values. However, samples obtained from these layers in the 
Middle Zone returned significant chromium values of 3.20 and 
4.04 weight percent. Whittaker (1986) suggested that the po 
tential for economic chromite concentrations in the Crystal 
Lake Gabbro is low, due to the absence of distinct chromitite 
layers and to the limited size of the intrusion.

Anomalous PGE values were also returned from samples of 
the Crystal Lake Gabbro taken outside the Great Lakes Nickel 
occurrence. These anomalous PGE values were obtained most 
frequently from samples of medium-grained olivine gabbro of 
the Upper Zone, within the northern limb of the intrusion. Assay 
values up to 78 ppb Pt, 270 ppb Pd, 2770 ppm Cu, 500 ppm 
Ni, and 33 ppb Au were returned from samples containing peg 
matoidal gabbro patches and disseminated pyrrhotite and 
pentlandite. Coarse-grained olivine gabbro from the extreme 
eastern end of the northern limb yielded values of 125 ppb Pt, 
340 ppb Pd, 2990 ppm Cu, 1420 ppm Ni, and 45 ppb Au. 
Chilled fine-grained gabbro from the northern limb, containing 
disseminated pentlandite and pyrrhotite, returned assay values 
of 60 ppb Pt, 300 ppb Pd, 1820 ppm Cu, 940 ppm Ni, and 
27 ppb Au,

Anomalous PGE values were also obtained from the central 
part of the southern limb of the intrusion. Plagioclase-phyric 
olivine gabbro containing aggregates of chalcopyrite, pentlan 
dite, and pyrrhotite yielded assay values of 55 ppb Pt, 280 ppb 
Pd, 3270 ppm Cu, 1100 ppm Ni, and 39 ppb Au. At the junc 
tion of the northern and southern limbs of the intrusion, fine 
grained gabbro marking the chilled contact of the Crystal Lake 
Gabbro with hornfelsed sedimentary wall rock was locally ob 
served to contain disseminated pentlandite and pyrrhotite. As 
say values of 78 ppb Pt, 220 ppb Pd, 3140 pprn Cu, 1360 ppm 
Ni, and 37 ppb Au were returned from a sample of this chilled 
gabbro.

Future exploration for PGEs in the Crystal Lake Gabbro 
should include:
1. a detailed examination of pegmatitic, copper-nickel sul 

phide-bearing gabbros at the base of the intrusion
2. determination of the PGE contents and distribution of chro 

mite-bearing pods and layers in anorthosites at the base of 
the Lower Zone and within the Middle Zone

3. investigation of the continuity of anomalous PGE values en 
countered in other areas of the intrusion, such as at the 
junction between the northern and southern limbs
Significant PGE values in the Pine River-Mount Mollie Intru 

sion are associated with concentrations of magmatic copper- 
nickel sulphide minerals. Lenses of massive and disseminated 
sulphide minerals usually occur in the coarser and more gab 
broic parts of the intrusion. In addition, secondary accumula 
tions of sulphides occur along sheared contacts between 
diabase dikes and the Pine River-Mount Mollie Intrusion. Explo 
ration may be warranted to evaluate the continuity of these 
copper nickel sulphide occurrences.

Anomalous PGE values were returned from samples of: a) 
fine- to medium-grained olivine gabbro containing 5 percent 
chalcopyrite, north of Pine Bay (70 ppb Pt, 245 ppb Pd, 
715 ppm Ni, and 1165 ppm Cu); b) a gossan zone in a dioritic 
phase of the intrusion located on Victoria Island (52 ppb Pt, 
230 ppb Pd, 685 ppm Ni, 2420 ppm Cu, and 60 ppb Au); and, 
c) coarse-grained gabbro containing chalcopyrite and py 
rrhotite that crops out on Thompson Island (190 ppb Pd, 
570 ppb Pt, 1190 ppm Ni, 2380 ppm Cu, and 235 ppb Au).

A composite dike, lithologically similar to the Pine River- 
Mount Mollie Intrusion, crops out on Naorni Island. A grab sam 
ple of gabbro containing copper-nickel-zinc sulphides returned 
values of 408 ppm Cu. 220 ppm Ni, 390 ppb Pd, 80 ppb Pt, 
55 ppb Au, and 100 ppm Zn, Geological mapping has identi 
fied similar rock types on the northern shore of Lake Superior, 
both east and west of Naomi Island.

Textural evidence suggests that some of the rocks hosting 
copper-nickel sulphide mineralization irt these composite intru 
sions are hybrids formed in part by the mingling and mixing of 
various magmas. Magma mixing has been shown to be impor 
tant in promoting sulphide liquation and PGE scavenging in 
other intrusions (Campbell et a!. 1983; Irvine et at. 1983).

Magmatic copper-nickel sulphide minerals occur sporadi 
cally within the Pigeon River diabase dikes. Diabase dikes on 
Thompson Island and on the mainland east of Pine Bay have 
yielded significant copper-nickel values but low PGE values. 
The association of PGE values and copper-nickel sulphide mi 
neralization with mafic rocks, however, suggests that all sul 
phide occurrences in diabase should be assayed for PGE con 
tent.

Metals of historic importance in the study area include sil 
ver, lead, zinc, and barite. Both silver and barite have been 
mined from large calcite barite-quartz veins. The geology, 
structure, mineralogy, and genesis of the vein deposits have 
been studied by Franklin et a!. (1986). Samples taken during 
this study from outcrops near past-producing mines returned 
anomalous values of silver, lead, and zinc. Silver mineralization 
was found on Spar Island at the site of old mine workings; a 
grab sample taken from a 3.5 m wide, zoned, calcite barite 
vein returned values of 8600 ppm Cu, 160 ppm Ni, and 
35 ppm Ag. A chip sample across a quartz-carbonate vein at 
the Prince Mine returned values of 1380 pprn Pb and 2160 ppm 
Zn. Anomalous zinc and lead values were returned from sam 

ples from Thompson Island and from the western shore of Jar 
vis Bay. Most of these calcite-barite quartz veins strike be 
tween 140 D and 165 D . dip subvertically, and crosscut the Pi 
geon River Dikes. The largest of these veins occurs on South 
McKellar Island, and has a significantly high barite content. As 
say values of samples obtained by diamond drilling in 1967 
range from 28.0 percent barite to 58.4 percent barite (Resi 
dent Geologist's Files, Ministry of Northern Development and 
Mines, Thunder Bay).
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LEGEND
PHANEROZOIC 

CENOZOIC

QUATERNARY

PLEISTOCENE AND RECENT
Till, swamp, stream, and lake deposits

UNCONFORMITY

PRECAMBRIAN

MIDDLE PROTEROZOIC 

KEWEENAWAN
GABBRO-DIORITE-GRANOPHYRE 
COMPOSITE DIKES (Pine River-Mount Mollie 
Intrusion and related dikes)

J Unsubdivided
7a Olivine gabbro, troctolite
7b Diorite, quartz diorite
le Granophyre
7d Fine grained
7e Medium grained
7f Plagioclase phenocrysts
7g Miarolitic cavities
7j Metasedimentary inclusions
7k Mafic igneous inclusions

OLIVINE GABBRO INTRUSION (Crystal Lake 
Gabbro)

6a Gabbro
6b Olivine gabbro, troctolite
6c Leucogabbro, anorthosite
6d Olivine melagabbro
Ge Diorite
6f Chromite bearing
6g Fine grained to aphanitic
6h Coarse grained
Gj Pegmatoidal patches
6k Diabasic texture

INTRUSIVE CONTACT 

QUARTZ DIABASE DIKES (Arrow River Dikes)

5 Unsubdivided
5a Aphanitic
5b Fine grained
5c Medium grained
5d Pegmatoidal patches
5e Plagioclase phenocrysts
5f Ophitic

OLIVINE DIABASE DIKES (Pigeon River Dikes)

4 Unsubdivided
4a Aphanitic
4b Fine grained
4n Medium grained
4d Pegmatoidal patches
4e Plagioclase phenocrysts, glomerocrysts
4f Ophitic
4g Leucocratic segregations
4h Sedimentary inclusions

4j Granitic inclusions

INTRUSIVE CONTACT

DIABASE TO GRANOPHYRE COMPOSITE 
SILLS

3 Unsubdivided
3a Diabase
3b Diorite
3c Granophyre
3d Aphanitic
3e Fine grained
3f Medium grained
3g Plagioclase phenocrysts
3h Ophitic
3j Miarolitic cavities

DIABASE SILLS, SHEETS, AND DIKES (Logan 
Sills)

2 Unsubdivided
2a Aphanitic
2b Fine grained
2c Medium grained
2d Pegmatoidal patches
2e Plagioclase phenocrysts, glomerocrysts

1 2f Ophitic
2g Amygdaloidal

- INTRUSIVE CONTACT -- ;

EARLY PROTEROZOIC 
ANIMIKIE GROUP

SEDIMENTARY ROCKS (Rove Formation)

1 Unsubdivided
1a Argillite (shale, mudstone, siltstone)
1 b Greywacke
1c Limestone, dolostone
1d Quartzite
1e Concretions
1f Flute, groove casts

NOTES:

a) This is a field legend and may be changed as a result of subsequent 
laboratory investigations.

b) Subdivision of rock units does not imply age relationships.

c) Classification cf plutonic rocks follows the I.U.G.S. Subcommissiun 
on the Systematics of Igneous Rocks (Streckeisen 1976).

d) The letter "C" preceding a rock L/n/r indicates da!d is vumpilvd from 
previous work.

e) The letter "A" preceding a rock unit indicates the unit is interpreted 
from aerial photographs.

f) Hock unit numbers separated by horizontal lines indicates a vertical 
sequence of rock types.

g) GeologybyA.fi. Smith. H. H. Sutcliffe, J. M, Sweeny, and assistants, 
1987.
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