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Pb isotopes of leached alkali feldspars from a number of units of the Falcon Island

pluton plot on a *’Pb/2**Pb and 2*Pb/*™Pb isochron with an age of 2700 + 100 Ma. The

isochron plots well below the Stacey and Kramers (1975) crustal evolution curve and has an
initial ’Pb/***Pb of 14.52 and an initial **Pb/**Pb of 13.29, corresponding to derivation from a

4.55 to 2.70 Ga single stage geochron reservoir with y, = 7.86. This indicate a mantle Pb source

slightly more enriched in 2°’Pb/***Pb, but similarly depleted in **Pb/***Pb, than the source of
mafic and ultramafic magmas in the Wabigoon and Abitibi subprovinces.

Comparison of the Falcon Island Nd and Pb isotope data with other well-documented
potassic and alkaline suites supports the suggestion that the post-2.7 Ga southern Superior
Province mantle was isotopically heterogeneous. The isotopic data lie along an hyperbolic curve
and is thus consistent with mixing between a pre-2.7 Ga depleted mantle component and an
enriched component with isotopic characteristics similar to those of the ancient crustal rocks
such as the gneissic and plutonic suites of the Winnipeg River, and an ancient detrital component
in the Opatica and Pontiac metasedimentary subprovinces. This type of heterogeneity is most
readily explained by metasomatism of a mantle wedge by the influx of fluids derived by partial

melting of ancient crustal sediments subducted beneath the Neoarchean crust.
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Chapter 6

Conclusions

The main objective of this thesis is to explore the origin and evolution of the crust and
mantle of the Lake of the Woods greenstone belt (LWGB) and to compare and contrast it with
the development of similar-aged greenstone belts across the southern Superior Province. The
secular evolution and geodynamic settings are constrained with precise geochronological,
lithogeochemical and radiogenic isotopic data. Extensive detailed mapping in conjunction with
precise U-Pb geochronology indicate the stratigraphy can be subdivided into 3 major
lithostratigraphic units: a lowermost mafic volcanic assemblage; a compositionally diverse,
predominantly volcanic, middle assemblage; and a predominantly sedimentary uppermost
assemblage.

Although not perfect analogues, the lower Keewatin assemblage tholeiites bear some
geochemical similarities to tholeiites from modern arcs and back-arc basins suggesting they
may have been derived by destructive margin magmatism involving averaging about 20-30%
partial melting of primitive mantle at the relatively shallow depth of less than 70 km. They lie
at the base of the stratigraphic section in the LWGB and have been dated at 2738 Ma.

The Upper Keewatin calc-alkaline suite rocks are about 15 Ma years younger and
disconformably overlie the Lower Keewatin assemblage. They are geochemically and
petrologically similar to the calc-alkaline volcanic rocks forming in modern mature island arc
settings. Intercalated tholeiitic and komatiitic suite rocks are geochemically similar but

somewhat more primitive than the older Lower Keewatin tholeiites and may be the result of
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second stage melting of the refractory mantle source from which the Lower Keewatin

tholeiites were derived. They may represent the product of a subduction hydrated mantle and a
higher Archean geothermal gradient.

The Electrum assemblage occurs as localised successor basins unconformably overlying
the Upper Keewatin assemblage in the northern part of the LWGB. Detrital zircon ages indicate
deposition after 2699 Ma. The volcanic rocks are of shoshonitic and calc-alkaline affinity and
are most similar to those of modern shoshonitic suites forming in the late stages of
development of mature island arcs and continental arcs.

Late-tectonic potassic intrusions are coeval with the Electrum volcanism and include
the Falcon Island pluton (2695 Ma) and monzodiorite in the Don Lake stock. The rocks of the
Falcon Island pluton are ultrapotassic on the basis of K20 >3 wt %, MgO > 3 wt % and
K,0/Na;O > 2 (Foley et al., 1987), while Don Lake monzodiorites and the Electrum
Assemblage shoshonites are lower in K0, contain normative quartz, and thus belong to the
shonshonitic clan (Fig 4.3a). Similar geochemical characteristics, including elevated Al, K, Sr,
Rb, Ba, LREE, depleted HREE and HFSE of the ultrapotassic, monzodioritic and shoshonitic
units are attributed to a late subduction event which occurred from about 2695 to 2700 Ma
across the western Wabigoon Subprovince (Ayer and Davis, 1997).

Stern et al. (1989) have defined the mantle-derived potassic rocks of the Superior
Province as a sanukitoid suite based on chemical characteristics such as 55-60 wt % SiO,, Mg#
> 0.6, Ni & Cr both > 100 ppm, Na;0 + K;0 > 6 wt %, Sr & Ba both 600-1800 ppm and
elevated light rare earth elements (LREE) without Eu anomalies. Members of this suite exhibit
pronounced depletions in the HFSE elements (e.g. Brooks et al., 1982; Ujike, 1985; Lafléche et

al., 1991, Stern and Hanson, 1991; Dostal and Mueller, 1992; Rowins et al., 1993) and are thus
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very similar to the K-rich alkaline, shoshonitic and calc-alkaline magmatic association of the

Sunda arc in Indonesian (Wheller et al., 1987). The potassic suite of the LWGB fit these
criteria although the more evolved end members of the Falcon Island suite are less primitive
than the typical sanukitoids having relatively lower Mg# and Ni, Cr and Co abundances (Figs.
4.2 & 4.4). Elsewhere, shoshonitic to ultrapotassic magmatism is attributed to late stage
subduction events in the Neoproterozoic Ottawan orogeny (ca. 1080 Ma) of the Grenville
Province (Corriveau et al., 1993) and the Paleozoic Caledonian orogeny (ca. 410 Ma) of NW
Scotland (Thompson and Fowler, 1986) and thus spans over 2.7 Ga of Earth history

Geochemical patterns within the LWGB potassic suite suggest crystal fractionation and
accumulation were important petrogenetic processes, while variation in the degrees of partial
melting appears to be of less significance (Figs. 4.6, 4.7, & 4.8). Clinopyroxene, biotite,
magnetite and possibly amphibole were accumulated in the mafic units and fractionated along
with plagioclase in the evolved units. The differing trends on Figures 4.6 and 4.8 provide
vectors pointing to a common parental composition which is similar to that of the Don Lake
stock monzodiorite and the Falcon Island melasyenite. The unfractionated, relatively uniform
composition of Don Lake monzodiorite, in conjunction with its close proximity to the Falcon
Island pluton (Fig. 4.1), supports a common genesis and is consistent with the parental
monzodiorite composition suggested from a number of studies of Superior Province
sanukitoids (e.g., Shirey and Hanson, 1984; Sutcliffe et al., 1990; Stern and Hanson, 1991;
Lafléche et al., 1991; Rowins et al., 1993).

U-Pb geochronological studies of the late-tectonic alkaline rocks and their associated
sedimentary successor basins suggests that the alkaline magmatism became younger by 5-10

my increments towards the southern margin of the Superior Province. For example, U-Pb
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zircon geochronology of Electrum Assemblage and associated alkaline plutons in the LWGB

and a number of other localities across the western Wabigoon Subprovince indicate ages which
range from 2695 to 2700 Ma (Blackburn et al., 1991). In the Wawa Subprovince, late-tectonic
sedimentation and alkaline volcanism and plutonism occurred around 2685 to 2690 Ma (Corfu
and Sage, 1992; Corfu and Stott, in press), while further to the south in the Abitibi
Subprovince, Timiskaming Group sedimentation and alkaline magmatism ranges from 2675 to
2680 Ma (Corfu, 1993). This southerly progression of subduction-related alkaline magmatism
over a 15 million year interval suggests that the southern Superior Province experienced a late-
tectonic, cratonization event posssibly associated with terrain accretion to the south.

The Falcon Island plutonic complex is an ultrapotassic end-member of the late-tectonic
potassic suite. Its magma evolved with increasing P(H;0), as indicated by the transition from
early crystallization of clinopyroxene to amphibole and biotite, and from an early hypersolvus
texture to a later subsolvus assemblage. An "aegirine-enrichment trend" is evident in the
clinopyroxene as progressive depletion in Mg and Ca, and enrichment in Fe and Na (both as
zoning in individual grains and in the successively fractionated units) (Figs. 3.3, 3.4 and 3.5).
Mg-rich diopside in clinopyroxenite was followed by edenite and phlogopite. In monzodiorite,
diopside was followed by biotite and normally zoned plagioclase (Ansz to Any). In alkali
feldspar melasyenite and alkali feldspar syenite, Fe-rich diopside cores evolved to aegirine
augite and hastingsite rims and was followed by albite (An; ¢ to Ang 7). Elevated Al is evident in
whole rock compositions and is reflected in the Al content of clinopyroxene, amphibole and
biotite, characteristics which are typical of the Group-II ultrapotassic suites from modem
collisional orogenic areas (Foley et al. 1987). Based on its mineral assemblage, and those of

metasedimentary enclaves, the Falcon Island pluton was emplaced at mid-crust. The relatively
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elevated ' Al-content of the clinopyroxene is similar to that of the alkaline Murdock Creek

pluton in the Kirkland Lake camp of the Abitibi Subprovince, emplaced at a similar crustal
depth (Rowins et al. 1991). However, differences in Al evolution with fractionation is evident
in the biotite trends of the two intrusions. Biotite at Murdock Creek shows a depletion in 'YAl at
constant Fe/(Fe + Mg), whereas at Falcon Island the biotite displays increasing VAl and Fe/(Fe
+ Mg) with fractionation. The differing trends are probably the result of a variety of factors
including: differing f{O,) paths, differing relative ASI values, the types and relative abundance
of precipitating minerals, and differing crustal contamination sources.

The redox conditions of alkaline complexes may have economic significance. Late
Archean alkali-rich intrusive rocks have been implicated in models for gold mineralization on
the basis of their close spatial and temporal association (Rock & Groves 1988, Wyman &
Kerrich 1989, Sutcliffe et al. 1990, Robert 1997). Fyon et al. (1989) suggested that gold
mineralization and alkaline magmatism may be a manifestation of the cratonization process
involving mantle-derived melts and CO,. Cameron & Hattori (1987) have proposed that gold
mineralization in the Kirkland Lake camp originates from oxidized hydrothermal fluids derived
from magmatic sources. Many of the syenites associated with mineralization in the Kirkland
Lake gold camp represent oxidized magmas with possible links to the gold-bearing fluids
(Cameron and Carignan 1987; Rowins et al. 1991, Levesque 1994),

Gold mineralization environments in the Lake of the Woods greenstone belt have both
porphyry and shear-zone associations (Davis & Smith 1991). There is, however, no evidence of
anomalous gold mineralization in the vicinity of the Falcon Island pluton, despite its alkaline
nature, and the proximity of potentially favorable shear-zones (Ayer 1991). This fact suggests a

negative correlation between gold mineralization and reduced alkaline plutons. The Falcon
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Island complex is comparable in array of rock types and depth of emplacement to syenitic

complexes associated with gold mineralization in the Kirkland Lake camp, but there are
significant differences in the redox state of the evolving magmas. It would therefore appear that
alkaline complexes with progressively reduced magmatic fluids, such as the Falcon Island
complex, have less potential to produce the oxidized hydrothermal fluids conducive to gold
mineralization. Thus analysing the composition of ferromagnesian minerals in a differentiated
complex, and in particular the biotite, may provide an additional tool for evaluating their
potential tc produce gold deposits.

Nd isotopes of the igneous rocks of the LWGB greenstone belt yield a crustal
“isochron” of 2754 + 65 Ma with an initial '**Nd/ '*“Nd of 0.509146 + 31 and eng = +1.7. The
similarity of this age (within error) to independent U-Pb zrcon ages of 2.70 to 2.74 Ga from
the individual units demonstrates closure of this system since the Neoarchean. Agreement with
the isochron for similar aged rocks in the Rainy Lake greenstone belt (2737 + 42 Ma, '*Nd/
'**Nd = 0.509178 + 33 and &xq = +1.9; Shirey and Hanson, 1986) suggests a broad-scale
continuity of Neoarchean mantle sources over a 150 km wide section across the western
Wabigoon Subprovince. The overall similarity of positive £ng values for tholeiites, komatiites,
and calc-alkaline volcanic rocks (+1.1 to +2.1) of the Lower and Upper Keewatin assemblages
indicates they were derived from isotopically homogeneous mantle with a time averaged
Sm/Nd depletion relative to CHUR. Matching exg values in similar aged tonalite of the Aulneau

Batholith (+1.5; Beakhouse and McNutt, 1991) suggests a short residence time for crustal

recycling of partial melts of depleted lower crust.
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A long time averaged Sm/Nd enriched source is evident in the £xg value of —0.9 for

wacke within the upper stratigraphic part of the Upper Keewatin Assemblage. Pronounced
negative €xg values also occur in the Lount Lake batholith (avg. —1.9) within the interior of the
Winnipeg River Subprovince (Beakhouse and McNutt, 1991). These values in conjunction with
a wide range of detrital zircon ages from 2.7 to 3.0 Ga in the turbidite sequences of the western
Wabigoon (Davis 1996), indicate depositional mixing between an enriched “ancient crustal”
source such as the Winnipeg River Subprovince and local sources dominated by the
isotopically depleted juvenile igneous rocks of the greenstone belt.

Heterogeneity in the post 2.7 Ga mantle is demonstrated by low Nd values in the
shoshonitic and calc-alkaline volcanic rocks of the Electrum Assemblage (-0.4 & +0.4) and
depleted values in the Falcon Island pluton ultrapotassic rocks (+1.8 to +3.1). Asymptotic
increase in €xg values with fractionation in the pluton suggest mixing between mantle
components with variable time averaged Sm/Nd depletion. Mantle mixing is also supported by

a “mixing” isochron with an age of 2418 + 150 Ma, significantly younger than the U-Pb
crystallization age of 2695 £ 3 Ma; an initial €xq of -1.2 (initial "*Nd/ "““Nd = 0.509440 + 102),
significantly lower than the &g values of the individual samples of the pluton; and Tpy ages
which are similar to the U-Pb age of the pluton.

Pb isotopes of leached alkali feldspars from a number of units of the Falcon Island
pluton plot on a **’Pb/***Pb and **Pb/**Pb isochron with an age of 2700 + 100 Ma. The
isochron plots well below the Stacey and Kramers (1975) crustal evolution curve and has an
initial “’Pb/""'Pb of 14.52 and an initial “*Pb/**Pb of 13.29, corresponding to derivation from

a 4.55 to 2.70 Ga single stage geochron reservoir with u; = 7.86. This indicate a mantle Pb
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source slightly more enriched in 2*’Pb/2*Pb, but similarly depleted in 2Pb/***Pb, than the

source of mafic and ultramafic magmas in the Wabigoon and Abitibi subprovinces.

Comparison of the Falcon Island Nd and Pb isotope data with other well documented
potassic suites supports the suggestion that the post 2.7 Ga southern Superior Province mantle
was isotopically heterogeneous. The data is correlative along an asymptotic curve that suggests
mixing between a pre 2.7 Ga depleted mantle component and an enriched component with
isotopic characteristics similar to those of the ancient crustal rocks such as the gneissic and
plutonic suites of the Winnipeg River, Opatica and Pontiac subprovinces. This type of
heterogeneity is most readily explained by metasomatism of a mantle wedge by the influx of
fluids derived by partial melting of ancient crustal sediments subducted beneath the

Neoarchean crust.
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Appendix

Appendix . Analytical procedures for major and trace element lithogeochemical analysis

Analyses were performed by the Geoscience Laboratories of the Ontario Geological
Survey. Major elements were determined by X-ray fluorescence (XRF) on fused discs. Loss on
ignition (LOI) was by gravimetric methods. Trace elements were determined by XRF and
Inductively Coupled Plasma-Optical Emission spectroscopy (ICP/OES), the rare earth elements
(REE) were analyzed by Inductively Coupled Plasma-Mass Spectroscopy (ICP/MS). Duplicates
and standards submitted with the samples indicate precision and accuracy values were generally

within 5% (at 2 ©) for values greater than 10 times detection limits.

Selected samples were also analyzed by Instrumental Neutron Activation for Sc, Cr, La,
Ce, Nd, Sm, Eu, Tb, Dy, Ho, Yb, Lu, Hf, Ta, Th and U. For all of the above elements, with the
exception of Dy, the samples were irradiated for 2 hours in a SLOWPOKE reactor at an energy
flux of 5 x 10" neutrons/cm/sec, let stand for differing periods determined as optimum for the
specific element being measured and then measured for a period of 2 hours. The predicted
accuracy of the INA technique is from 5-10% for most of the REE. Ho is somewhat more
difficult to detect and has a predicted accuracy of 10-15%. Dy, having a very short half-life of
2.33 hours requires a different procedure involving irradiation with a flux of 1 x 10"}
neutrons/cm/sec, a wait period of 20 minutes and a counting time of 1 minute. Blind duplicates
submitted with samples indicate precision is generally within 10%, except for Cr, Taand U,
which can be up to 30% off at low concentrations levels. Blind analysis of USGS reference

standard, BCR-1, demonstrates a very good accuracy of within 5% of the recommended values
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for all analyzed elements with the exception of a 10% accuracy for Eu and a 20% accuracy

for Cr. International reference standards SY-2 and NIM-G were generally within 10% of the
recommended values, with the exception of considerably lower accuracy for Cr. However, Cr

was accurately analyzed by XRF.

Appendix II. Analytical procedures for Sm-Nd isotopes

Samarium and neodymium concentrations and isotope ratios for the LWGB greenstone
belt samples (Table 5.1) were determined at the Geoservices Laboratory of the Ministry of
Northern Development and Mines, Sudbury, Ontario. Approximately 50 to 200 mg of -170
mesh rock powder and the appropriate amount of a mixed '**Nd-'**Sm spike are sealed into
Savillex™ bombs and dissolved in an oven at 125°C. The sample is then dried and redissolved
in 1 ml of 2.5 N HCl and loaded onto a cation exchange column which allows the separation of
Rb, Sr and the REE. The REE aliquot is evaporated and redissolved in 0.25 ml of 0.18N HCI
and loaded onto a anion exchange column of Biobeads coated with a phosphate activator
(HDEHP). Nd is eluted using 0.18N HCI, followed by Sm in 0.35N HCL.

Each sample separate is loaded onto a clean, degassed Ta side filament in 1 pl of an

acid solution. The filament block is set with a Re centre filament in a triple filament
configuration. The Nd sample is analysed in dynamic collector mode in a VG Sector 54
Thermal Ionization Mass Spectrometer.

Total procedural blanks are 0.5 ng or better for each of Nd and Sm. "“*Nd/ '“Nd

isotopic analyses are measured to +0.0015% (20). Actual reproducibility is considered to be

0.0020% (20) or better, based on reproducibility of USGS rock standard BCR-1 (n = 7) which
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yields Sm = 6.61 + 0.46 ppm, Nd = 28.74 + 1.65 ppm and '*Nd/ '“Nd = 0.512643 + 15, and

an internal rock standard (MRB-29). Concentrations are precise to + 2%, but '*’Sm/'*Nd

ratios are reproducible to 1%. Seven runs of the La Jolla Nd standard average '*Nd/ '*/Nd =
0.511839 £ 19 are within error of the literature value of 0.511860 + 10 (Shirey & Hanson 1986)
sO no correction was applied.

The Falcon Island pluton samples (Table 5.1) were determined by isotope dilution
procedures at Carleton University, Ottawa, Ontario. Whole rock powder was dissolved in 50%
HF-12N HNOs, 8N HNOs and finally 6N HCL The residue was taken up in 2.5 N HCI and the
rare earth elements (REE) are separated in a Rb-Sr chromatography column. The REE solution
is dried and the residue is dissolved in 0.26N HCI and loaded into a 10-ml borosilicate glass
chromatographic columns containing a 2 cm-high bed of Teflon powder coated with
orthophosphoric acid. Nd is eluted using 0.26N HCI, followed by Sm in 0.5N HCI.

Total procedural blanks for Nd are < 75 picograms. Samples are spiked with a mixed
"¥Nd-'*’Sm spike prior to dissolution. Concentrations are precise to + 2%, but "’Sm/“Nd
ratios are reproducible to 1%. Samples are loaded with 0.25N HCI on one side of a Re double
filament, and run at temperatures of 1780-1820°C. Isotope ratios are normalised to ““Nd/ "Nd
= 0.72190. Periodic analyses of the USGS standard BCR-1 have yielded Nd = 29.02 ppm, Sm

= 6.68 ppm and '“*Nd/ "“Nd = 0.512668 + 20 (n = 4). Thirty four runs of the La Jolla standard

average 'Nd/ "**Nd = 0.511875 + 18 (Sept., 1992- July, 1996).
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Appendix III. Analytical procedures for Pb isotopes

Lead isotope ratios were determined at Carleton University. Alkali feldspar grains from
4 samples of the Falcon Island pluton were hand picked by binocular microscope after crushing
and separation using a Frantz magnetic separator. The selected grains were acid washed to
remove the outer layer of the feldspar and surface contaminants, and to preferentially remove
as much labile radiogenic Pb in the feldspar structure as possible. The fractions were washed in
6N HCI for one hour at 120°C, then partially dissolved in a mix of HBr and HF for one hour.
The remaining feldspar grains were dissolved in a mixture of 50% Hf-12N HNO, then
attacked with 8 N HNO; and finally 6N HCL. The residue was taken up in 1N HBr. Pb is
separated in Bio-Rad 10 mi polyethylene columns and Dowex AG2-8X anion resin, using IN
HBr to elute other elements and 6N HCL to elute Pb. The collected Pb solution is dried,
redissolved in IN HBr, and the above procedure is repeated with a small volume resin bed.
Total procedural blanks for Pb are < 150 picograms. The samples were run using a Finnigan
Mat 261 thermal ionization mass spectrometer using the static mode of analysis. Samples were
loaded onto single Re filaments with H3PO, and silica gel, and are run at filament temperatures
of 1250-1350°C. Analysis of USGS Standard BCR-1 yields **Pb/***Pb = 18.818, 27pb/**p}
= 15.633, and “*Pb/ *"'Pb = 38.633 (average of two runs, see Tatsumoto et al. 1972). All mass
spectrometer runs are corrected for fractionation using NIST SRM981. The average ratios
measured for SRM981 are ***Pb/**Pb = 16.890 + .012, 2"Pb/?™Pb = 15.429 + 014, and

2%%pb/ *Pb = 386.502 + .048 (2 ©), based on 38 runs between September 1992 and February

1996. The fractionation correction, based on the values of Todt et al. (1984) is + 0.13%/amu.
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Appendix IV. Sample descriptions

Sample numbers, rock names and description, stratigraphic unit / intrusion affiliation

for the sample locations indicated on Figure 5.1.

87JAA-0839: Magnesium tholeiitic basalt; pillowed, plagioclase megaphyric mafic flow; Snake
Bay Group, Lower Keewatin Assemblage.

93JAA-0023: Magnesium tholeiitic basalt; massive, fine-grained massive mafic flow; Bigstone
Bay Group, Lower Keewatin assemblage.

93JAA-0036: Calc-alkaline andesite; pillowed, plagioclase microlitic mafic flow, Clearwater
Bay Group, Upper Keewatin Assemblage.

93JAA-0037: Iron tholeiitic basalt; pillowed mafic flow, Indian Bay Group, Upper Keewatin
Assemblage.

93JAA-0018: High silica rhyolite (FII type); fine-grained, laminated, feldspar and quartz
porphyritic flow; Zigzag Island Formation, Clearwater Bay Group, Upper Keewatin
Assemblage.

93JAA-0029: Calc-alkaline rhyodacite; felspar and quartz crystal tuff, Sunset Channel
Formation, Long Bay Group, Upper Keewatin Assemblage.

93JAA-0030: Peridotitic komatiite; pillowed ultramafic flow, Cliff Island Formation, Long Bay
Group, Upper Keewatin Assemblage.

93JAA-0026: Basaltic komatiite; fine-grained, massive ultramafic flow, Cochrane Island

Formation, Monument Bay Group, Upper Keewatin Assemblage.
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9) 93JAA-0027: Evolved tholeiitic basalt (fractionated REE patterns): pillowed, clinopyroxene-

and plagioclase-phyric mafic flow. Bishops Bay Formation, Monument Bay Group, Upper
Keewatin Assemblage.

10) 89JAA-1116: Wacke; fine-grained and biotitic with garnet porphyroblasts; Long Bay Group,
Upper Keewatin Assemblage.

11)93JAA-0017: Shoshonitic andesite; fine-grained, clinopyroxene-phyric, massive mafic flow;
Crowduck Lake Group, Electrum Assemblage.

12) 93JAA-0035: Calc-alkaline rhyodacite; Fine-grained quartz and feldspar crystal tuff; White
Partridge Bay Group, Electrum Assemblage.

13) 88JAA-0182: Biotite clinopyroxenite; Falcon Island pluton.

14) 88J AA-0190: Biotite-clinopyroxene syenite; Falcon Island pluton.

15) 88JAA-0195: Biotite-clinopyroxene monzodiorite; Falcon Island pluton.

16) 88JAA-0261: Biotite-muscovite syenite; Falcon Island pluton.

17) 93JAA-0031: Biotite-clinopyroxene syenite; Falcon Island pluton.

18) 93JA A-0032: Biotite-clinopyroxene melasyenite; Falcon Island pluton.

19) 93JAA-0033: Biotite-clinopyroxene melasyenite; Falcon Island pluton.



LAKE OF THE WOODS SYNOPTIC MAP (1:56 000 SCALE)
LEGEXD

PHANEROZOIC
CENOZOIC
QUATERNARY
PLEISTOCENE AND RECENT
Glacial, glacial-fluvial, bog, lake, and
stream deposits.

UNCONFORMITY
PRECAMBRIAN
PROTEROZOIC
MAFIC INTRUSIVE ROCKS
11a Diabase.
11b Diorite.
INTRUSIVE CONTACT

ARCHEAN

POST-TECTONIC FELSIC INTRUSIVE ROCKS (massive-textured)
10a Potassium feldspar porphyritic biotite granite.

10b Potassium feldspar porphyritic biotite
granodiorite.

10c Biotite granite.

104 Biotite granodiorite.

10e Feldspar +/- quartz porphyry.

10f Pelsite, aplite.

10g Pegmatite.

INTRUSIVE CONTACT
LATE TECTONIC INTRUSIVE ROCKS (foliated to massive)

Quartz Saturated Intermediate to Ultramafic Intrusive

Rocks
9a Hormblende +/- biotite syenite, monzonite.

Sb Hornblende +/- biotite monzodiorite, diorite.

9c Hornblende +/- clinopyroxene +/- biotite
monzogabbro, gabbro.

9d Hormblendite, pyroxenite.

9e Amphibole +/- clinopyroxene +/- biotite

lamprophyre.
INTRUSIVE CONTACT



CALC-ALKALINE SERIES METAVOLCANIC ROCKS®
Felsic to Intermediate Metavolcanic Rocks
3 Unsubdivided.
3a Massive flows.
3b Laminated flows.
3¢ Pillowed flows.
3d Amygdaloidal flows.
3e Brecciated Flows.
3f Tuff, bedded tuff.
3g Lapilli-tuff, tuff-breccia.
3h Pyroclastic-breccia.

-

Intermediate to Mafic Metavolcanic Rocks
2 Unsubdivided.
2a Masgive flows.
2b Pillowed flows.
2c Pillow breccia, flow breccia.
2d Amygdaloidal flows.
2e Tuff, bedded tuff.
2f Lapilli-tuff, tuff-breccia.
2g Pyroclastic-breccia.

THOLEIITIC TO KOMATIITIC SERIES METAVOLCANIC ROCKS®
Mafic to Ultramafic Metavolcanic Rocks
1 Unsubdivided.
la Fine-grained massive flows.
1b Medium to coarse-grained massive flows.®
1c Pillowed flows.
1d Plagioclase megaphyric flows.
le Amygdaloidal flows.
1f Variolitic flows.
1g Pillow breccia, flow breccia.
1h Tuff, lapilli-tuff, tuff-breccia.

*May be in part extrusive.

Numerical order does not imply age relationships among
metasedimentary and metavolcanic rocks.

May be in part intrusive.

METAL AND MINERAL REFPERENCE

- silver Mo........... molybdenum
AU..coveeicoan . .gold Pb...ccecc...lead
CU..ecvccncan .copper Sb..... cecene antimony

) - feldspar talec.....:...tale



Quartz Oversaturated Felsic to Intermediate Intrusive
Rocks
8a Potassium feldspar porphyritic biotite +/-
hornblende granodiorite, quartz monzodiorite.
8b Biotite +/- hornblende granodiorite, quartz
monzodiorite.
8c Hornblende +/- biotite tonalite, quartz diorite.
8d Hornblende +/- biotite diorite.
8e Quartz +/- plagioclase porphyritic tonalite,
trondhjemite.
8f Felsite, aplite. .
8g Pegmatite.

INTRUSIVE CONTACT

PRE-TECTONIC FRLSIC TO INTERMEDIATE INTRUSIVE ROCKS
(gneissic to foliated) .
7a Biotite +/- hornblende tonalite, quartz diorite.
7b Biotite +/- hornblende granodiorite, quartz
monzodiorite.

INTRUSIVE CONTACT

METAMORPHOSED FELSIC TO INTERMEDIATE EYPABYSSAL
INTRUSIVE ROCKS"

6a Quartz +/- feldspar porphyry.

6b Feldspar porphyry.

6c Felgite, aplite.

6d Quartz and feldspar porphyritic granodiorite.

INTRUSIVE CONTACT

METAMORPHOSED MAFIC AND ULTRAMAFIC INTRUSIVE ROCKS*
S Unsubdivided.
5a Gabbro.
Sb Melagabbro.
5¢ Leucogabbro, anorthositic gabbro, quartz diorite.
5d Quartz gabbro.
Se Pyroxenite, hornblendite.
Sf Perioditite, dunite.

INTRUSIVE CONTACT

CLASTIC AND CHEMICAL METASEDIMENTARY ROCKS®
4 Unsubdivided.
4a Wacke.
4b Arenite.
4c Siltstone, mudstone.
4d Heterolithic conglomerate.
4e Monolithic conglomerate.
4f Siliceous siltstone, chert.
4g Oxide ironstone.
4h Sulphide +/- graphite ironstone.



PAST PRODUCING MINES (recorded past production figures)

. Cedar Island (4941 oz Au, 3884 oz Ag)

Duport (4672 Au, 1143 oz Ag)

Gold Hill (1090 oz Au)

Kenricia (2533 oz Au, 521 oz Ag)

. Mikado (28 335 oz Au, 41 oz Ag)

Olympia (332 oz Au, 58 oz Ag)

Ophir (6089 oz Au)

Sultana ( 15 977 oz Au)

Wendigo (67 423 oz Au, 14 762 Ag, 1 886 246 lbs Cu)
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MINERAL RESOURCES AND PRODUCTION

The map area has a long history of gold exploration with
numerous occurrences discovered dating back to the 1880s.
Occurrences indicated on the map face are those with
anomalous assay results and a record of past exploration
work or with surface indications of unrecorded past work.
Table 1 lists nine of the past producing gold mines with a
recorded production of greater than 100 ounces (Davies and
Smith 1988). Two of the past producers, the Duport Deposit
(2) and the Cedar Island Extension Deposit (1) have
significant reserves. The Duport Deposit has undergone
extensive underground development with a decline extending
to a depth of 660 ft and total reserves estimated at 2.0
million tons averaging 0.36 ounce gold per ton, and the
Cedar Island Extension Deposit has estimated reserves based
on diamond drilling of 1.5 million tons averaging 0.25 ounce
gold per ton (Canadian Mines Handbook 1989-90).

Gold mineralization is restricted to vein systems hosted by
permeable ductile and brittle fault zones.. They appear to
have formed in response to the regional deformation events.
Many are in close proximity to syn- to late-tectonic felsic
intrusions near the greenschist-amphibolite facies
transition boundary of their contact metamorphic aureoles.
Detailed studies around the Canoce Lake and High Lake stocks
have shown that gold mineralization appears to have formed
at the same time as, but peripheral to, porphyry-style
copper and molybdenum mineralization and associated potassic
alteration (Smith et al. 1988).

In additional to the strong association with felsic
intrusions a significant number of gold occurrences are
hosted by deformation zones which transect the map area.
Many of these occurrences are far removed from the contact
aureoles of late-tectonic intrusions. Three factors appear
to determine the locus of the more significant deformation
zone occurrences, these are: (1) at abrupt dilational jogs
in the trends of a deformation zones; (2) in smaller
subsidiary splays off the main part of a deéformation zone
(Ayer and Buck 1989); and (3) where a deformation zone is



intersected at a high angle by the greenschist-amphibolite
facies transition boundary (Morrice 1989)..

Copper and zinc mineralization is reported with iron
sulphides as disseminations and veins in mafic metavolcanics
and as disseminations in interbedded cherty and graphitic
metasediments on the Eastern Peninsula. Molybdenum, copper
and gold mineralization in widely spaced fractures
associated with complex zonal alteration patterns is
asgociated with the High Lake stock and Canoe Lake stock
(porphyry copper-style mineralization). The Evenlode
prospect on the east side of High Lake has diamond drill
estimated reserves of 126 000 tons grading 0.68% MoS, and
0.015 ounce gold per ton (Davies and Smith 1988).

Minor iron occurs in magnetite ironstone interbedded with
epiclastic metasedimentary and pyroclastic metavolcanic
rocks on a small island in Andrew Bay and several small
islands south of East Allie Island and sulphidic ironstone
and gossans zones scattered throughout the map area.

Industrial mineral exploration consists of the evaluation of
the talc content quarried from ultramafic intrusive rocks in
Moore Bay and from ultramafic volcanic rocks east of Coste
Island. Minor feldspar and mica production are reported
from a pegmatite dike on the southwestern tip of Falcon

Island.

SOURCES OF INFORMATION

Geology from published maps of the Ontario Geological
Survey, Ministry of Northern Development and Mines and the
Geological Survey of Canada, unpublished assessment file
maps and theses maps, and supplementary mapping by J.A. Ayer
in 1989 and 199¢C. :

Assessment files, Resident Geologist's Office, Ministry of
Northern Development and Mines, Kenora.

Base map derived from 1 50,000 topographic maps produced by
the Canada Centre for Mapping (Ottawa), Department of
Energy, Mines and Resources. .

Magnetic Declination approximately 5° Bast, 1990.

Ayer, J.A. and Buck, S. 1989. Geology of the Chisholm Island
area, Lake of the Woods, District of Kenora; Ontario
Geological Survey Open File Report 5710, 177p.

Davies, J.C. and Smith P.M. 1988. The Geological Setting of
Gold Occurrences in the Lake of the Woods area,



District of Kenora; Ontario Geological Survey, Open
File Report 5685, 381p.

Morrice, M.G. 1989. Precambrian Geology, Monument Bay area,
Lake of the Woods, District of Kenora; Ontario
Geological Survey, Report 265, 69p.

Smith, P.M., Ayer, J.A., Buck, S., Morrice, M.G., Sanborn-
Barrie, M., Blackburn, C.B., Brown, P.EB., and Davis,
D.W. 1988. Style, controls and timing of gold
mineralization in the Lake of the Woods greenstone
belt, northwestern Ontario, Canada: evidence for a
plutonic connection; in Bicentennial Gold 88,
Geological Society of Australia, Abstract Series v.23,

p45-47.



NOTE TO USERS
Oversize maps and charts are microfilmed in sections in
the following manner:

LEFT TO RIGHT, TOP TO BOTTOM, WITH
SMALL OVERLAPS
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Oversize maps and charts are microfilmed ih sections in
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